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FOLDOUTS 



Fold-Out 1 

Glendinning Regional Geochemical 
Traverse 

This diagram displays the results of multi-element geochemistry upon a series 

of interbedded greywackes and mudstones of Late Uandovery and Wenlock 

age, defined as the Hawick Group. 

Both greywacke (n=305) and mudstone (n=197) samples were collected from 

the same locality (whenever possible) on a series of cross-strike traverses in the 

Glendinning Study area (see text). Samples were grouped on the basis of 

stratigraphy. lithology and numerical order to aid the assessment and inter­

pretation of the complex inter-relationships that exist within this dataset. 

This diagram presents the results of 22,080 analytical and calculated values. 





Fold-Out 2 

The Southern Uplands Composite 
Geochemical Traverse 

This fold-out diagram displays the results of multi-element geochemistry upon 

a number of petrographically defined greywacke formatiODB in the Southern 

Uplands. Samples from each formation have been grouped in ascending 

numerical order and combined with other Connations to create a composite 

geochemical profile (n=861). 

The Marchbum, Blackcraig, Scar and Pyroxenous Formations arc defined by 

Floyd (1983) on petrographic evidence to have been derived from one or more 

volcanic terrains as opposed to the Afton. Shinnel and Intennediate Formations 

which were derived from a cratonic tenain. 1bc Hawick Fonnation. is defined 

in this study as a cratonic derived greywacke containing in addition. a 

significant proportion of carbonate. 

Please note the inverted stratigraphy displayed on this diagram in order to 

mirror the actual north-south juxtaposition of each formation across the 

Southern Uplands. It should also be noted that this diagram graphically 

displays the results of 24,969 analytical and 12,915 calculated values (total 

37,884). 



0 
:IJ 
0 
0 
< 
0 
» 
z 

(j) 

r 
C 
:IJ 

» z 

Formation 

Marchburn 

Afton 

Slackcraig 

Scar 

Schinnel 

P roxenous 

Intermediate 

Hawick 

CaD 

The Southern Uplands: Composite Geochemical Traverse. 

o 15 
50 

MnO Sa Co Cr Cu Ga La Ni Nb Pb Rb Sr Sb S Th v y 



y Zn Zr A~ 
Si 

Fe+Mg K+Na . K/ A~ 
K+Na Ca+Na 

N~ 
Co 

40 



Fold-Out 3 

The Glendinning As-Sb-Au Deposit, 
Southern Scotland: Borehole 
Lithogeochemistry 

1hls diagram displays the results of multi-element geochemistry upon a series 

of interbedded greywackes, siltstones and mudstones of Wenlock age (n= 170) 

sampled from four boreholes drilled in proximity to the Louisa Antimony Mine, 

Glendinning. The location and characteristics of each borehole is defined 

below: 

Borehole No. 1 2 3 4 

Samples n=33 n=44 n=82 n=lI 

Grid Ref. [3139,9652] [3147,9693] [3143,9669] [3135,9671] 

Elevation 290.Om 380.1m 317.1m 316.6m 

Inclination 50 50 60 50 

Azimuth 098 103 104 287 

Depth 85.27m 1I8.82m 197.82m 84.87m 

When viewed in conjunction with fold-out 1 (detailing background variation in 

the host rocks to this deposit) the effects of hydrothermal alteration and 

mineralization may be easily recognised (see text for detailed explanation). 

Please note that the length of each borehole section displayed on the fold-out 

is directly related to the number of samples and their relative position in each 

hole rather than depth, and as such this diagram can only be used for 

comparative purposes. This diagram presents the results of 7,480 determined 

and calculated values. 
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Fold-Out 4 

The Longford Down Geochemical 
Traverse 

This fold-out diagram displays the results of multi-element geochemistry upon 

a number of petrographically defined greywacke formations in the Longford 

Down. Samples were assigned to their respective Formations on the basis of 

petrographic examination (Morris, 1983) grouped in ascending numerical 

order and combined with other formations to create a composite geochemical 

profile (n=225). Here again the strat igraphy defined by Morris (op.cit.) has 

been inverted in order to present a true North-South traverse across the 

Longford Down. This diagram displays the results of 10,800 analytical and 

calculated values. 
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Fold-Out 5 

The Rhinns of Galloway Geochemical 
Traverse 

lbis fold-out diagram displays the results of multi-element geochemistry upon 

Greywackes sampled at approx ISO-200m intcrvals, during a Coastal traverse 

of Southwest Scotland. lbiB diagram may be divided into three sections: the 

first, traverse A-B was undertakcn on thc castern mlU'gio of Loch Ryan. as 

opposed to the second, on the western margin. The remaining samplcs (forming 

the major part of this study) were collected on a 42km Imvcrse of the western 

margin of the Rhinos of Galloway; from Corse wall Point in the North, south to 

the Mull of Galloway. 

Traverse A-B: Curmric Point [20550,57790] 

south to Laight [20598,57030]. 

Tmverse C-D: Milleur Point [20200,57370] 

south to Clachan Heugbs [20350,57040]. 

Please note that the Corsewall, Kirkcolm and Portpatrick Formations (Ke11iog, 

1969) are synonymous with the Marchbum. Afton. SCIU' (Portpatrick basic) and 

Shinoel (Portpatrick acid) Formations of Floyd (1983 ). In addition the position 

of the (Silurian) Pyroxenous, Intermediate and Hawick Formations are idcnti­

ficd by this study (see text). 1bis fold-out diagram displays the results of 12,386 

(0=279) determined and calculated values. 
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Fold-Out 6 

Interformational Studies 

This fold-out diagram displays the results of two multi-element geochemical 

studies evaluating the effects of inter-formational variation within a greywacke 

sequence. 

The first study, The Tweed Bridge Section (30977,62434) defines the nature 

of major, minor and trace element variation present within a single, massive 

turbidite bed, 4m in thickness, sampled at 30cm intervals (n=12). 

The second study, The Talla LiooSectioo (31415,62009) defines the nature of 

major, minor and trace element variation present within a succession of closely 

spaced, interbedded greywacke units (>2Ocm in width) sampled over a traverse 

30m in length (n=20). 

This diagram summarises the results of 1408 analytical and calculated values. 





FIGURES 



LIST OF FIGURES 
Figure No. Page 

1 - British Isles Location Map (conical projection) .............................................. 1202 
2 - Thesis methodology and philosophy ............................................................... 1203 
3 - Relationship between the Ordnance survey national numerical grid and the 

grid reference lettering system ........................................................................ 1204 
4a- Major structural lineaments in the UK (after Haszledine 1986) ........................ 1205 
4b- Location of the Glendinning As-Sb-Au deposit with respect to the Southern 

Uplands Shatter Belt. ....................................................................................... 1206 
5 - The occurrence of gold mineralization in the UK (from Collins 1977) ............. 1207 
6 - Southern Uplands of Scotland Location Map ................................................... 1208 
7a- Location of the Glendinning Deposit in Southern Scotland .............................. 1209 
7b- Location of Arsenopyrite hosted gold mineralization in the Southern 

Uplands of Scotland ............................................................................ '" ........ , 1209 
8 - Occurrences of Gold mineralization in Ireland (after Jones. 1986) ................... 1210 
9 - Location of the Clontibret deposit in Southern Ireland ..................................... 1211 
10- Detailed mine plans and sections of the Clontibret deposit from Wilbur 

(1978) and Morris (1986) ................................................................................ 1212 
11- Sites of historical alluvial gold mining in the Leadhi1ls area ............................ 1214 
12- Distribution of alluvial gold mineralization in the Strath Kildonan 

(Helmsdale) area of northeast Scotland (after Michie 1974) ............................ 1215 
13- Location map of the principal vein systems in the Loch Tay Area ................... 1216 
14- The Leadhills-Wanlockhead Mining District (from Gillanders. 1981) ............. 1217 
15- Detailed plan of the Susanna Mine. Leadhills and underground sampling 

site locations .................................................................................................. 1218 
16- Geological map of the Southern Uplands showing major lithostratigraphic 

divisions (from Stone et al 1987) ..................................................................... 1219 
17- Structural map of the Southern Uplands identifying major faults and 

boundaries between belts (After Leggett 1979) ................................................ 1220 
18- Location map of the Southern Uplands defining the position of the 

Glendinning and Rhinos of Galloway Study areas ........................................... 1221 
19- Comparative lithopetrographic stratigraphy of the Ordovician Rocks of the 

Southern Uplands (from Floyd 1981) .............................................................. 1222 
20a- Stratigraphic section through the Ordovician Rocks of the West NithsdaJe 

area of the Southern Uplands (from Floyd 1981) ............................................. 1222 
2Ob- Geological map of the Northern Belt study area (From Floyd 1981) ................ 1222 
2Oc- Petrographic traverses displaying the qullI1Z and ferromagnesian mineral 

content of the Man:hbum, Afton, Blackcraig. Scar and Shinnel Formations 
(after Floyd 1981) ........................................................................................... 1223 

2Od- QFM diagrams comparing lithopetrographic units in the Northern Belt (after 
Kelling (1961) and Floyd (1975.1980» ........................................................... 1224 

21- Simplified accretionary prism model of the relationships between differing 
Ordovician petrographic formations during the Early Silurian. ........................ 1225 

22- Geological map of the Fleet granite and surrounding area (from Leake et 
al .• 1978) .......................................................................................................... 1226 

23- Drainage geochemistry map of the Fleet granite and surrounding area 
(from Leake et al .• 1978) ................................................................................ 1228 

24- Location of old metalliferous mines in the vicinity of the Fleet Granite. 
Southwest Scotland ......................................................................................... 1229 

25- Geological map of the Loch Doon Granite and Surrounding area (from 
Leake et al .• 1981) ........................................................................................... 1230 

26- Distribution of alluvial gold in the Loch Doon area (Leake et al .• 1981) .......... 1231 
27- The location of the Man:hbum, Afton, Blackcraig. Scar and Sbinnel 

Formations in the Loch Doon area (from Leake et aI .• 1981 ) ........................... 1232 
28- Schematic flowchart of the RAW Database management system ..................... 1233 
29- Sandstone classification diagram (Modified after Dolt 1964) .......................... 1234 
30- Measured stratigraphic sections of the Tweed Bridge and Tala Linn study 

areas ................................................................................................................ 1235 
31- Scottish Lamprophyre arsenic and gold geochemistry.... ........ ......... ...... .......... 1236 
32- Histograms showing the distribution of major and trace elements in 

greywackes from the Glendinning regional Study area .................................... 1237 



33- Histograms showing the distribution of major and trace elements in 
mudstones from the Glendinning regional Study area ...................................... 1241 

34- Histograms showing the distribution of major and trace elements in 
mineralized drillcore from the Glendinning As-Sb-Au deposit. ....................... 1245 

3.5a- Geochemical Alteration:- Glendinning area sial (%) ...................................... 1249 
3.5b- Geochemical Alteration:- Glendinning area AlPi%) ..................................... 1249 
3.5c- Geochemical Alteration:- Glendinning area TiOl (% ) ...................................... 1249 
36a- Geochemical Alteration:- Glendinning area PeP3 (%) .................................... 1251 
36b- Geochemical Alteration:- Glendinning area MgO (%) .................................... 12.51 
36c- Geochemical Alteration:- Glendinning area CaO (%) ..................................... 1251 
37a- Geochemical Alteration:- Glendinning area Nap (%) ..................................... 1252 
37b- Geochemical Alteration:- Glendinning area Kp (%) ..................................... 1252 
37c- Geochemical Alteration:- Glendinning area MoO (%) .................................... 1252 
38a- Geochemical Alteration:- Glendinning area pp, (%) ...................................... 1253 
38b- Geochemical Alteration:- Glendinning area AB (ppm) ..................................... 1253 
38c- Geochemical Alteration:- Glendinning area Da (ppm) ..................................... 1253 
39a- Geochemical Alteration:- Glendinning area CI (ppm) ...................................... 1254 
39b- Geochemical Alteration:- Glendinning area Co (ppm) ..................................... 1254 
39c- Geochemical Alteration:- Glendinning area Cr (ppm) ...................................... 1254 
408- Geochemical Alteration:- Glendinning area Cu (ppm) ..................................... 1255 
4Ob- Geochemical Alteration:- Glendinning area Ga (ppm) ..................................... 1255 
4Oc- Geochemical Alteration:- Glendinning area La (ppm) ...................................... 1255 
41a- Geochemical Alteration:- Glendinning area Ni (ppm) ...................................... 1256 
41h- Geochemical Alteration:- Glendinning area Nb (ppm) ..................................... 1256 
41c- Geochemical Alteration:- Glendinning area Ph (ppm) ..................................... 1256 
42a- Geochemical Alteration:- Glendinning area Rb (ppm) ..................................... 1257 
42b- Geochemical Alteration:- Glendinning area Sr (ppm) ...................................... 1257 
42c- Geochemical Alteration:- Glendinning area Sb (ppm) ..................................... 12.57 
43a- Geochemical Alteration:- Glendinning area S (ppm) ...................................... 1259 
43b- Geochemical Alteration:- Glendinning area Th (ppm) ..................................... 1259 
43c- Geochemical Alteration:- Glendinning area V (ppm) ...................................... 1259 
44a- Geochemical Alteration:- Glendinning area Y (ppm) ...................................... 1260 
44b- Geochemical Alteration:- Glendinning area Zz (ppm) ...................................... 1260 
45a- Geochemical Alteration:- Glendinning area Zn (ppm) ..................................... 1261 
45b- Geochemical Alteration:- Glendinning area TI (ppm) ...................................... 1261 
46&- Glendinning Discrimination Diagram:- sial vs Alp) ..................................... 1262 
46b- Glendinning Discrimination Diagram:- sial vs Fel0 3 ..................................... 1262 
46c- Glendinning Discrimination Diagram:- sial VB Nap ..................................... 1262 
46d- Glendinning Discrimination Diagram:- sial vs Kz0 ....................................... 1262 
46e- Glendinning Discrimination Diagram:- sial vs Sr .......................................... 1262 
46f- Glendinning Discrimination Diagram:- sial VB CaO ....................................... 1262 
47a- Glendinning Discrimination Diagram:- sial VB V ........................................... 1264 
47b- Glendinning Discrimination Diagram:- Al20 3 VB TiOl ...................................... 1264 
47c- Glendinning Discrimination Diagram:- Al103 VB NRzo ..................................... 1264 
47d- Glendinning Discrimination Diagram:- A1,O) VB Kz0 ...................................... 1264 
47e- Glendinning Discrimination Diagram:- A1201 VB MgO ..................................... 1264 
47f- Glendinning Discrimination Diagram:- Al201 VB CaO ...................................... 1264 
48a- Glendinning Discrimination Diagram:- A1,O) VB Fep) .................................... 1265 
48b- Glendinning Discrimination Diagram:- AlZ03 VII Co ......................................... 1265 
48c- Glendinning Discrimination Diagram:- A1201 VB Sr .......................................... 1265 
48d- Glendinning Discrimination Diagram:- Al10 3 VB Rb ......................................... 1265 
48e- Glendinning Discrimination Diagram:- TiOz VI FelO) ..................................... 126.5 
48f- Glendinning Discrimination Diagram:- Ti02 VB Na20 ..................................... 1265 
49a- Glendinning Discrimination Diagram:- TiOl VB KzO ....................................... 1266 
49b- Glendinning Discrimination Diagram:- TiO, VB MgO ...................................... 1266 
49c- Glendinning Discrimination Diagram:- TiOl VI CaO ....................................... 1266 
49d- Glendinning Discrimination Diagram:- TiO, VI Rh ......................................... 1266 
4ge- Glendinning Discrimination Diagram:- TiO, VII V ........................................... 1266 
49f- Glendinning Discrimination Diagram:- Fep) VII Nap .................................... 1266 
50a- Glendinning Discrimination Diagram:- Fep) VII Kz0 ...................................... 1268 
SOb- Glendinning Discrimination Diagram:- Fep3 VB MgO .................................... 1268 
5Oc- Glendinning Discrimination Diagram:- Fep) VB CaO ..................................... 1268 
5Od- Glendinning Discrimination Diagram:- Fep) VB Cr ........................................ 1268 



50e- Glendinning Discrimination Diagram:- Fep3 vs Rb ........................................ 1268 
50£- Glendinning Discrimination Diagram:- Fe

2
0 3 vs Sr ......................................... 1268 

51a- Glendinning Discrimination Diagram:- FeP3 vs Sb ........................................ 1269 
51b- Glendinning Discrimination Diagram:- Fe20 3 vs Zr ......................................... 1269 
51c- Glendinning Discrimination Diagrarn:- N~O vs ~O ...................................... 1269 
51d- Glendinning Discrimination Diagrarn:- Nap vs Cu ........................................ 1269 
51e- Glendinning Discrimination Diagrarn:- Na20 vs Co ......................................... 1269 
5lf- Glendinning Discrimination Diagrarn:- Nap vs Cr ......................................... 1269 
52a- Glendinning Discrimination Diagrarn:- Na20 vs Ni... ...................................... 1271 
52b- Glendinning Discrimination Diagrarn:- Nap vs Rb ........................................ 1271 
52c- Glendinning Discrimination Diagrarn:- Nap VB Sr ......................................... 1271 
52d- Glendinning Discrimination Diagrarn:- N~O vs MgO ..................................... 1271 
52e- Glendinning Discrimination Diagram:- CaO vs Rb .......................................... 1271 
52f- Glendinning Discrimination Diagram:- CaO vs V ........................................... 1271 
53a- Glendinning Discrimination Diagram:- MgO VB N~O ..................................... 1272 
53b- Glendinning Discrimination Diagram:- MgO VII Rb ......................................... 1272 
53c- Glendinning Discrimination Diagram:- MgO vs V .......................................... 1272 
53d- Glendinning Discrimination Diagram:- MgO vs Ga ......................................... 1272 
53e- Glendinning Discrimination Diagram:- MgO vs Ni ......................................... 1272 
53f- Glendinning Discrimination Diagmm:- ~O vs Sr ........................................... 1272 
54a- Glendinning Discrimination Diagrarn:- Nap vs V .......................................... 1273 
54h- Glendinning Discrimination Diagram:- Co vs Rb ............................................ 1273 
54c- Glendinning Discrimination Diagram:- Cr vs V .............................................. 1273 
54d- Glendinning Discrimination Diagrarn:- Cr vs Rb ............................................. 1273 
54e- Glendinning Discrimination Diagmm:- Cu vs Rb ............................................ 1273 
54f- Glendinning Discrimination Diagram:- Rb vs Sr ............................................. 1273 
55a- Glendinning Discrimination Diagram:- Rb va V .............................................. 1275 
55b- Glendinning Discrimination Diagram:- Ni vs Rb ............................................. 1275 
55c- Glendinning Discrimination Diagram:- V vs Zr ............................................... 1257 
56a- Southern Uplands Gteywacke Formations: Si02 (%) ....................................... 1276 
56b- Southern Uplands Gteywacke Formations: Alpp~» ...................................... 1276 
56c- Southern Uplands Gteywacke Formations: Ti0

2 
(%) ....................................... 1276 

57a- Southern Uplands Gteywacke Formations: Fep3(%) ...................................... 1278 
57b- Southern Uplands Greywacke Formations: MgO (%) ..................................... 1278 
57c- Southern Uplands Greywacke Formations: CaO (%) ...................................... 1278 
58a- Southern Uplands Greywacke Formations: N~O (%) ...................................... 1279 
58b- Southern Uplands Greywacke Formations: ~O (%) ....................................... 1279 
58c- Southern Uplands Greywacke Formations: MoO (%) ..................................... 1279 
59a- Southern Uplands Greywacke Formations: pps (%) ....................................... 1280 
59b- Southern Uplands Greywacke Formations: As (ppm) ...................................... 1280 
59c- Southern Uplands Gteywacke Formations: Ba (ppm) ...................................... 1280 
6Oa- Southern Uplands Gteywacke Formations: Co (ppm) ...................................... 1281 
6Ob- Southern Uplands Greywacke Formations: Cr (ppm) ....................................... 1281 
6Oc- Southern Uplands Greywacke Formations: Cu (ppm) ...................................... 1281 
61a- Southern Uplands Gteywacke Formations: Ga (ppm) ...................................... 1283 
61b- Southern Uplands Gteywacke Formations: La (ppm) ....................................... 1283 
61c- Southern Uplands Gteywackc Formations: Ni (ppm) ....................................... 1283 
62a- Southern Uplands Greywacke Formations: Nb (ppm) ...................................... 1284 
62b- Southern Uplands Greywacke Formations: Rb (ppm) ...................................... 1284 
62c- Southern Uplands Gteywacke Formations: Sr (ppm) ....................................... 1284 
63a- Southern Uplands Gteywacke Formations: Pb (ppm) ....................................... 1285 
63b- Southern Uplands Gteywacke Formations: Sb (ppm) ....................................... 1285 
63c- Southern Uplands Gteywacke Formations: S (ppm) ........................................ 1285 
64a- Southern Uplands Gteywacke Formations: Th (ppm) ...................................... 1286 
64b- Southern Uplands Gteywacke Formations: V (ppm) ....................................... 1286 
65a- Southern Uplands Greywacke Formations: Y (ppm) ....................................... 1287 
65b- Southern Uplands Greywacke Formations: Zr (ppm) ....................................... 1287 
65c- Southern Uplands Greywacke Formations: at (ppm) ...................................... 1287 
66a- Southern Uplands Gteywacke REB study: La (ppm) ....................................... 1289 
66b- Southern Uplands Greywacke REB study: Ce (ppm) ....................................... 1289 
66c- Southern Uplands Gteywacke REB study: Pr (ppm) ....................................... 1289 
67a- Southern Uplands Gteywacke REB study: Nd (ppm) ...................................... 1290 
67b- Southern Uplands Gteywacke REB study: Sm (ppm) ...................................... 1290 



67c- Southern Uplands Greywacke REB study: Eu (ppm) ...................................... 1290 
68a- Southern Uplands Greywacke REB study: Gd (ppm) ...................................... 1291 
68b- Southern Uplands Greywacke REB study: Dy (ppm) ...................................... 1291 
68c- Southern Uplands Greywacke REB study: Ho (ppm) ...................................... 1291 
69a- Southern Uplands Greywacke REB study: Er (ppm) ....................................... 1292 
69b- Southern Uplands Greywacke REB study: Vb (ppm) ...................................... 1292 
69c- Southern Uplands Greywacke REB study: Lu (ppm) ...................................... 1292 
70- Greywacke classification: Man:hbum Formatioo. ............................................ 1293 
71- Greywacke classification: Afton Fonnation ..................................................... 1294 
72- Greywacke classification: Blackcraig Fonnatioo. ............................................ 1296 
73- Greywacke classification: Scar Fonnatioo. ...................................................... 1297 
74- Greywacke classification: Shinnel Fonnatioo. ................................................. 1298 
75- Greywacke classification: Pyroxenous Fonnation ............................................ 1299 
76- Greywacke classification: Intennediate Fonnation .......................................... 1300 
77- Major Element Greywacke classification: Glendinning Greywacke ................ 1301 
78- Greywacke classification: Glendinning Mudstone ........................................... 1302 
79- Greywacke classification: Glendinning mineralization .................................... 1303 
80a- Th-Co-Zr/lO Greywacke classification: Man:hbum Fonnatioo. ....................... 1305 
8Ob- Th-Co-Zr/IO Greywacke classification: Afton Fonnation ............................... 1305 
8Oc- Th-Co-Zr/IO Greywacke classification: Blackcraig Fonnation. ....................... 1305 
8Od- Th-Co-Zr/IO Greywacke classification: Scar Fonnatioo. ................................. 1305 
81a- Th-Co-Zr/IO Greywacke classification: Shinnel Fonnation ............................. 1306 
81b- Th-Co-Zr/IO Greywacke classification: Pyroxenous Fonnatioo. ...................... 1306 
81c- Th-Co-Zr/IO Greywacke classification: Intennediate Fonnatioo. .................... 1306 
81d- Th-Co-Zr/IO Greywacke classification: Hawick Fonnation ............................. 1306 
82a- Zr-La-Y Greywacke classification: Marchburn Fonnation ............................... 1307 
82b- Zr-La-Y Greywacke classification: Afton Fonnatioo. ...................................... 1307 
82c- Zr-La-Y Greywacke classification: Blackcraig Fonnation ............................... 1307 
82d- Zr-La-Y Greywacke classification: Scar Fonnation. ........................................ 1307 
83a- Zr-La-Y Greywacke classification: Shinnel Fonnatioo. ................................... 1308 
83b- Zr-La-Y Greywacke classification: Pyroxenous Fonnatioo. ............................. 1308 
83c- Zr-La-Y Greywacke classification: Intennediate Fonnation. ........................... 1308 
83d- Zr-La-Y Greywacke classification: Hawick Fonnation. ................................... 1308 
84- Location map of the Glendinning area showing NNE trending structural 

lineaments identified from aerial photographs (after Gallagher et aI 1983) ...... 1310 
85- Mine section of the Louisa Vein, Glendinning, Southern Scotland 

(after Dirom, 1850) ......................................................................................... 1311 
86- Detailed map of the Glendinning mine area defining the position 

of BGS traverse lines and Boreholes (after GaIlagheret aI 1983) .................... 1312 
87- Geology and topography of the area around the Glendinning mine 

showing the distribution of antimony in shaIlow overburden samples 
(from Gallagher et aI 1983) ............................................................................. 1313 

88- Hypothetical E-W trending section through the Glendinning deposit 
defining width of alteration (stippled) and anastamosing network of 
mineralized veins (black) .......................................•........................................ 1314 

89- Summary of geochemical net additions and depletions occurring within 
the waI1rocks adjacent to stibnite vein mineralization at Glendinning .............. 1315 

908- Location map of the Rams Cleuch Area and soil sampling grid ....................... 1316 
9Ob- Location map of the Swin Gill Area and soil sampling grid ............................. 1316 
91- Sample site locations within the Rams Qeuch Soil Grid (200 x 200m) ........... 1317 
92- Sample site locations within the Swin Gill Soil Grid (300 x 500m) ................ 1318 
93a- Rams Cleuch Soil Geochemistry Maps: Si02 (%) ..•.........•.............................. 1320 
93b- Rams Cleuch Soil Geochemistry Maps: A403 (%) .......................................... 1320 
93c- Rams Cleuch Soil Geochemistry Maps: Fep3 (%) ••........................................ 1320 
93d- Rams Cleuch Soil Geochemistry Maps: MgO (%) ......................................... 1320 
93e- Rams Cleuch Soil Geochemistry Maps: Nap (%) .......................................... 1320 
93f- Rams Clench Soil Geochemistry Maps: ~O (%) .......................................... 1320 
93g- Rams Cleuch Soil Geochemistry Maps: As (ppm) ........................................... 1320 
93h- Rams Cleuch Soil Geochemistry Maps: Sb (ppm) ........................................... 1320 
94a- Rams Cleuch Soil Geochemistry Maps: Cu (ppm) ........................................... 1322 
94b- Rams Cleuch Soil Geochemistry Maps: Pb (ppm) ........................................... 1322 
94c- Rams Cleuch Soil Geochemistry Maps: Zn (ppm) ........................................... 1322 
94d- Rams Cleuch Soil Geochemistry Maps: Ba (ppm) ........................................... 1322 



94e- Rams Cleuch Soil Geochemistry Maps: S (ppm) ............................................ 1322 
94f- Rams Cleuch Soil Geochemistry Maps: Sr (ppm)........................................... 1322 
948- Rams Cleuch Soil Geochemistry Maps: Rb (ppm) .......................................... 1322 
94h- Rams Cleuch Soil Geochemistry Maps: 11 (ppm)........................................... 1322 
95a- Rams Oeuch Soil Geochemistry Maps: Ga (ppm) .......................................... 1323 
95b- Rams Oeuch Soil Geochemistry Maps: Co (ppm) .......................................... 1323 
95c- Rams Cleuch Soil Geochemistry Maps: Ni (ppm) ........................................... 1323 
95d- Rams Cleuch Soil Geochemistry Maps: V (ppm) ........................................... 1323 
95e- Rams Oeuch Soil Geochemistry Maps: Eigen Vector 2 .................................. 1323 
95f- Rams Cleuch Soil Geochemistry Maps: Eigen Vector 3 .................................. 1323 
900- Swin Gill Soil Geochemistry Maps: SiOz (%) ................................................ 1325 
9&- Swin Gill Soil Geochemistry Maps: Alp) (%) ............................................... 1325 
96c- Swin Gill Soil Geochemistry Maps: MgO (%) .............................................. 1325 
96<1- Swin Gill Soil Geochemistry Maps: Fep, (%) ............................................... 1325 
96e- Swin Gill Soil Geochemistry Maps: Kp (%) ............................................... 1325 
96f- Swin Gill Soil Geochemistry Maps: Nap (%) ............................................... 1325 
96g- Swin Gill Soil Geochemistry Maps: As (ppm) ............................................... 1325 
96h- Swin Gill Soil Geochemistry Maps: Sb (ppm) ................................................ 1325 
97a- Swin Gill Soil Geochemistry Maps: Cu (ppm) ................................................ 1 326 
97b- Swin Gill Soil Geochemistry Maps: Ph (ppm) ................................................ 1326 
97c- Swin Gill Soil Geochemistry Maps: Zn (ppm) ............................................... 1326 
97d- Swin Gill Soil Geochemistry Maps: 8a (ppm) ................................................ 1326 
97e- Swin Gill Soil Geochemistry Maps: S (ppm) ................................................. 1326 
97f- Swin Gill Soil Geochemistry Maps: Sr (ppm) ................................................. 1326 
97g- Swin Gill Soil Geochemistry Maps: Sr/Rb ...................................................... 1326 
97h- Swin Gill Soil Geochemistry Maps: As/Na ..................................................... 1326 
98a- Swin Gill Soil Geochemistry Maps: V (ppm) ................................................ 1327 
98b- Swin Gill Soil Geochemistry Maps: Co (ppm) ................................................ 1327 
98c- Swin Gill Soil Geochemistry Maps: Ni (ppm) ................................................ 1327 
98d- Swin Gill Soil Geochemistry Maps: Eigen Vector 2 ........................................ 1327 
98e- Swin Gill Soil Geochemistry Maps: Eigen Vector 3 ........................................ 1327 
99 - Swin Gill Composite Soil Anomaly trends: Summary ..................................... 1328 
l00a- X-Ray Diffraction Studies: Glendinning Greywacke (CXDI500) .................... 1330 
l00b- X-Ray Diffraction Studies: Glendinning Mudstone (CXDI552) ..................... 1330 
101a- X-Ray Diffraction Studies: Glendinning Greywacke (CXDl551) .................... 1331 
101h- X-Ray Diffraction Studies: Glendinning Mudstone (CXD2001) ..................... 1331 
l02a- X-Ray Diffraction Studies: Glendinning Clay Fraction (CXDI500) ................. 1332 
l02b- X-Ray Diffraction Studies: Glendinning Clay Fraction (CXDI552) ................. 1332 
103a- X-Ray Diffraction Studies: Glendinning Clay Fraction (CXDl551) ................. 1333 
103b- X-Ray Diffraction Studies: Glendinning Clay Fraction (CXD2001) ................. 1333 
104- X-Ray Diffraction Studies: Alunite, Kaolinite and Dickite .............................. 1334 
105- X-Ray Diffraction Studies: Galena, Arsenopyrite, Stibnite, Pyrite, 

JIUlR;asite and chalcopyrite .............................................................................. 1335 
106- X-Ray Diffraction Studies: Tetrahedrite, tennantite, jamesonite, 

pyrrhotite and sphalerite .................................................. 1336 
107- X-Ray Diffraction Studies: Zinkenite, Semseyite and Fuloppite ...................... 1337 
108- X-Ray Diffraction Studies: Arsenic, antimony, gold and me~ ................... 1338 
109- Allenopyrite Geothermometry: Univariant temperatun:-sulphur activity 

diagram (after Kretchmar and Scott,1976) ....................................................... 1339 
110- Arsenopyrite Geothennometry: Univariant temperatun:-antimony (Wt%) 

diagram (after Gamyanin 1976) ....................................................................... 1341 
111- AlIenopyrite Geothermometry: Arsenic (%) vs. temperature diagram 

(based upon data provided by Kretchmar and Scott 1976) .. '.' ..... ............ ......... 1342 
112- Arsenopyrite Geothennometry: AlIenic (%) vs. sulphur activity (data 

provided by Kretchmar and Scott 1976) ........................................................... 1343 
113- Glendinning Stratiform Pyrite Microchemical Mapping studies ....................... 1344 
114- Glendinning Arsenopyrite (ASPl) Microchemical Mapping Studies .............. 1345 
115- Glendinning Arsenopyrite (ASP2) Microchemical Mapping Studies .............. 1347 
116- Glendinning AlIenopyrite (ASPS) Microchemical Mapping Studies .............. 1349 
117- Glendinning Arsenopyrite (ASP6) Microchemical Mapping Studies .............. 1350 
118- The Knipe Arsenopyrite (ASP7) Microchemical Mapping Studies .............. 1352 
119- The Knipe Arsenopyrite (ASPS) Microchemical Mapping Studies .............. 1354 
120- TaJnotry Arsenopyrite (ASP9) Microchemical Mapping studies ................. 1355 



121- Cairngarroch Arsenopyrite (ASPI0) Microchemical Mapping Studies ............. 1358 
122- Caimgarroch Arsenopyrite (ASP 11) Microchemical Mapping Studies ............. 1360 
123- Caimgarroch Arsenopyrite (ASPI2) Microchemical Mapping Studies ............. 1361 
124- Cairngarroch Arsenopyrite (ASPI3) Microchemical Mapping Studies ............. 1363 
125- Clontibret Arsenopyrite (ASPI4) Microchemical Mapping Studies ............... 1364 
126- Clontibret Arsenopyrite (ASPI5) Microchemical Mapping Studies ............... 1367 
127- Arsenopyrite geochemistry As-Sh-Au diagram: The Knipe, Talootry, 

Caimgarroch and Clontibret deposits ............................................................... 1369 
128- Arsenopyrite geochemistry As-Sh-Au diagram:The Glendinning Deposit ........ 1370 
129- Arsenopyrite geochemistry S-As-Fe diagram: The Glendinning Deposit ......... 1372 
130- Arsenopyrite geochemistry S-As-Fe diagram: The Knipe and Talootry ........... 1374 
131- Arsenopyrite geochemistry S-As-Fe diagram: The Cairngarroch Deposit. ....... 1376 
132- Arsenopyrite geochemistry S-As-Fe diagram: The Clontibret Deposit ............. 1377 
133- A comparative study of the major and trace element chemistry of 

arsenopyrites from As-Sb-Au deposits in the Southern Uplands of 
Scotland and Longford Down. ......................................................................... 1378 

134- As-Au diagram of microprobe analyses from disseminated, vein and 
breccia hosted arsenopyrites from the Glendinning Deposit ............................. 1381 

135- As-Au diagram of microprobe analyses from vein and wallrock hosted 
arsenopyrites, Clontibret Deposit .................................................................... 1382 

136- As-Au diagram of microprobe analyses from vein and wallrock hosted 
arsenopyrites, The Knipe Deposit. ................................................................... 1383 

137- As-Au diagram of microprobe analyses from vein and wallrock hosted 
arsenopyrites, Talootry and Caimgarroch Bay Deposits ................................... 1384 

138- As-Sb diagram of microprobe analyses from stratiform, vein and 
breccia hosted arsenopyrites in the Glendinning Deposit ................................. 1385 

139- As-Sb diagram of microprobe analyses from vein and wallrock hosted 
arsenopyrites, Clontibret Deposit .................................................................... 1386 

140- As-Sb diagram of microprobe analyses from vein and wallrock hosted 
arsenopyrites, Talnotry and Caimgarroch Bay Deposits ................................... 1388 

141- As-Sb diagram of microprobe analyses from vein and wallrock hosted 
arsenopyrites, The Knipe Deposit. ................................................................... 1389 

142- As-S diagram of microprobe analyses from stratiform, vein and breccia 
hosted arsenopyrites in the Glendinning Deposit. ............................................ 1390 

143- As-S diagram of microprobe analyses from vein and wallrock hosted 
arsenopyrites, Clontibret Deposit .................................................................... 1391 

144- As-S diagram of microprobe analyses from vein and wallrock hosted 
arsenopyrites, Talootry and Caimgarroch Bay Deposits ................................... 1392 

145- As-S diagram of microprobe analyses from vein and wallrock hosted 
arsenopyrites, The Knipe Deposit .................................................................... 1393 

146- As-S diagram of microprobe analyses from breccia hosted arsenopyrite, 
The Glendinning Deposit ................................................................................. 1394 

147- As-S diagram of microprobe analyses from vein hosted arsenopyrites, 
The Glendinning Deposit ................................................................................. 1395 

148- As-S diagram of microprobe analyses from wallrock hosted arsenopyrites, 
The Glendinning Deposit ................................................................................. 1396 

149- As-S diagram of microprobe analyses from breccia hosted arsenopyrites, 
The Glendinning Deposit. ................................................................................ 1398 

150- As-S diagram of microprobe analyses from wallrock hosted arsenopyrites, 
The Glendinning Deposit. ................................................................................ l399 

151- As-S diagram of microprobe analyses from Vein hosted arsenopyrites, 
The Glendinning Deposit ................................................................................. 1400 

152- As-S diagram of microprobe analyses from wallroct hosted arsenopyrites, 
The Knipe Deposit .......................................................................................... 1401 

153- As-S diagram of microprobe analyses from vein hosted arsenopyrites, 
The Knipe Deposit .......................................................................................... 1402 

154- As-S diagram of microprobe analyses from vein hosted arsenopyrites, 
The Talootry Deposit ...................................................................................... 1403 

155- As-S diagram of microprobe analyses from vein hosted arsenopyrites, 
Cairngarroch Deposit ...................................................................................... 1404 

156- As-S diagram of microprobe analyses from vein hosted arsenopyrites, 
The Clontibret Deposit. ................................................................................... 1406 

157- As-S diagram of microprobe analyses from wallrock hosted arsenopyrites, 



158-
159-
160-
161-
162-
163-
164-
165-
166-
167-
168-
169-
170-
171-
172-
173-
174-
175-
176-
177-
178a-
178b-
179-
180-
181-
182-
183-
184-
185-
186-
187-
188-
189-
190-
191-
192-
193-
194-
195-
196-
197-
198-
199-
200-
201-
202-
203-
204-
205-
206-
207-
208-
209-
210-
211-
212-
213-
214-
215-
216-
217-
218-

The Clontibret Deposit .................................................................................... 1407 
Glendinning Regional Lithogeochemical Survey Area: Drainage Map ............. 1408 
Glendinning Regional Lithogeochemical Survey Area: Contoured Region ....... 1409 
Glendinning Regional Lithogeochemical Atlas (Greywacke): Sial (%) ........... 1411 
Glendinning Regional Lithogeochemical Atlas (Greywacke): Alp] (%) ......... 1412 
Glendinning Regional Lithogeochemical Atlas (Greywacke): TiOI (%) ........... 1413 
Glendinning Regional Lithogeochemical Atlas (Greywacke): Fep] (%) ......... 1414 
Glendinning Regional Lithogeochemical Atlas (Greywacke): Nap (%) .......... 1415 
Glendinning Regional Lithogeochemical Atlas (Greywacke): CaO (%) ........... 1416 
Glendinning Regional Lithogeochemical Atlas (Greywacke): MgO (%) .......... 1417 
Glendinning Regional Lithogeochemical Atlas (Greywacke): ~O (%) ........... 1419 
Glendinning Regional Lithogeochernical Atlas (Greywacke): MoO (%) .......... 1420 
Glendinning Regional Lithogeochemical Atlas (Greywacke): pp, (%) ........... 1421 
Glendinning Regional Lithogeochemical Atlas (Greywacke): As (ppm) .......... 1422 
Glendinning Regional Lithogeochemical Atlas (Greywacke): Ba (ppm) .......... 1424 
Glendinning Regional Lithogeochemical Atlas (Greywacke): CI (ppm) .......... 1425 
Glendinning Regional Lithogeochemical Atlas (Greywacke): Co (ppm) .......... 1426 
Glendinning Regional Lithogeochemical Atlas (Greywacke): Cr (ppm) .......... 1427 
Glendinning Regional Lithogeochemical Atlas (Greywaclce): Co (ppm) .......... 1428 
Glendinning Regional Lithogeochemical Atlas (Greywacke): Ga (ppm) .......... 1429 
Glendinning Regional Lithogeochemical Atlas (Greywacke): La (ppm) .......... 1431 
Glendjnnjng Regional Lithogeochemical Atlas (Greywacke): Ni (ppm) ........... 1432 
Glendinning Regional Lithogeochemical Atlas (Greywacke): Nb (ppm) .......... 1433 
Glendinning Regional Lithogeochemical Atlas (Greywacke): Ph (ppm) .......... 1434 
Glendinning Regional Lithogeochemical Atlas (Greywaclce): Rb (ppm) .......... 1435 
Glendinning Regional Lithogeochemical Atlas (Greywaclce): Sr (ppm) ........... 1436 
Glendinning Regional Lithogeochemical Atlas (Greywacke): Sb (ppm) .......... 1437 
Glendinning Regional Lithogeochemical Atlas (Greywacke): S (ppm) ............ 1439 
Glendinning Regional Lithogeochernical Atlas (Greywacke): Th (ppm) .......... 1440 
Glendinning Regional Lithogeochemical Atlas (Greywacke): V (ppm) ............ 1441 
Glendinning Regional Lithogeochemical Atlas (Greywacke): Y (ppm) ............ 1442 
Glendinning Regional Lithogeochemical Atlas (Greywacke): Zn (ppm) .......... 1444 
Glendinning Regional Lithogeochemical Atlas (Greywacke): Zr (ppm) .......... 1445 
Glendinning Regional Lithogeochemical Atlas (Greywaclce): TL (ppm) .......... 1446 
Glendinning Regional Lithogeochemical Atlas (Mudstone): Sial (%) ............. 1447 
Glendinning Regional Lithogeochemical Atlas (Mudstone): Alp] (%) ........... 1448 
Glendinning Regional Lithogeochemical Atlas (Mudstone): TiOI (%) ............. 1449 
Glendinning Regional Lithogeochemical Atlas (Mudstone): FePl (%) ........... 1451 
Glendinning Regional Lithogeochemical Atlas (Mudstone): Nap (%) ............ 1452 
Glendinning Regional Lithogeochemical Atlas (Mudstone): CaO (%) ............. 1453 
Glendinning Regional Lithogeochemical Atlas (Mudstone): MgO (%) ............ 1454 
Glendinning Regional Lithogeochemical Atlas (Mudstone): ~O (%) ............. 1455 
Glendinning Regional Lithogeochemical Atlas (Mudstone): MoO (%) ............ 1456 
Glendinning Regional Lithogeochemical Atlas (Mudstone): pp, (%) ............. 1457 
Glendinning Regional Lithogeochemical Atlas (Mudstone): As (ppm) ............ 1459 
Glendinning Regional Lithogeochemical Atlas (Mudstone): Ba (ppm) ............ 1460 
Glendinning Regional Lithogeochemical Atlas (Mudstone): Cl (ppm) ............. 1461 
Glendinning Regional Lithogeochemical Atlas (Mudstone): Co (ppm) ............ 1462 
Glendinning Regional Lithogeochemical Atlas (Mudstone): Cr (ppm) ............. 1463 
Glendinning Regional Lithogeochemical Atlas (Mudstone): Cu (ppm) ............ 1464 
Glendinning Regional Lithogeochemical Atlas (Mudstone): Ga (ppm) ............ 1466 
Glendinning Regional Lithogeochemical Atlas (Mudstone): La (ppm) ............ 1467 
Glendinning Regional Lithogeochemical Atlas (Mudstone): Ni (ppm) ............. 1468 
Glendinning Regional Lithogeochemical Atlas (Mudstone): Nb (ppm) ............ 1469 
Glendinning Regional Lithogeochemical Atlas (Mudstone): Ph (ppm) ............ 1470 
Glendinning Regional Lithogeochemical Atlas (Mudstone): Rb (ppm) ............ 1471 
Glendinning Regional Lithogeochemical Atlas (Mudstone): Sr (ppm) ............. 1472 
Glendinning Regional Lithogeochemical Atlas (Mudstone): Sb (ppm) •............ 1474 
Glendinning Regional Lithogeocbemical Atlas (Mudstone): S (ppm) ............... 1475 
Glendinning Regional Lithogeochemical Atlas (Mudstone): Th (ppm) ............. 1476 
Glendinning Regional Lithogeocbemical Atlas (Mudstone): V (ppm) .............. 1477 
Glendinning Regional Lithogeocbemical Atlas (Mudstone): Y (ppm) .............. 1478 
Glendinning Regional Lithogeocbemical Atlas (Mudstone): Zn (ppm) ............ 1479 



219- Glendinning Regional Lithogeochemical Atlas (Mudstone): Zr (ppm) ............. 1481 
220- Glendinning Regional Lithogeochemical Atlas (Mudstone): TI.. (ppm) ........... 1482 
221- Glendinning Regional Atlas: Multi-element Greywacke Anomaly Map ........... 1483 
222- Glendinning Regional Atlas: Multi-element Greywacke Depletion Map .......... 1484 
223- Glendinning Regional Atlas: Multi-element Mudstone Anomaly Map ............. 1485 
224- Glendinning Regional Atlas: Multi-element Mudstone Depletion Map ............ 1486 
225- Southern Uplands Greywacke Geochemistry: sial Histograms ...................... 1488 
226- Southern Uplands Greywacke Geochemistry: AlZ03 Histograms ..................... 1489 
227- Southern Uplands Greywacke Geochemistry: TiOl Histograms ....................... 1490 
228- Southern Uplands Greywacke Geochemistry: Fep3 Histograms ..................... 1491 
229- Southern Uplands Greywacke Geochemistry: MgO Histograms ...................... 1492 
230- Southern Uplands Greywacke Geochemistry: CaO Histograms ....................... 1493 
231- Southern Uplands Greywacke Geochemistry: Na20 Histograms ...................... 1494 
232- Southern Uplands Greywacke Geochemistry: K,0 Histograms ........................ 1485 
233- Southern Uplands Greywacke Geochemistry: MoO Histograms ...................... 1497 
234- Southern Uplands Greywacke Geochemistry: PzO, Histograms ....................... 1498 
235- Southern Uplands Greywacke Geochemistry: As Histograms .......................... 1499 
236- Southern Uplands Greywacke Geochemistry: Ba Histograms .......................... 1500 
237- Southern Uplands Greywacke Geochemistry: Co Histograms .......................... 1501 
238- Southern Uplands Greywacke Geochemistry: Cr Histograms ........................... 1502 
239- Southern Uplands Greywacke Geochemistry: Cu Histograms .......................... 1503 
240- Southern Uplands Greywacke Geochemistry: Ga Histograms .......................... 1504 
241- Southern Uplands Greywacke Geochemistry: La Histograms .......................... 1505 
242- Southern Uplands Greywacke Geochemistry: Ni Histograms ........................... 1506 
243- Southern Uplands Greywacke Geochemistry: Nb Histograms .......................... 1507 
244- Southern Uplands Greywacke Geochemistry: Ph Histograms .......................... 1508 
245- Southern Uplands Greywacke Geochemistry: Rb Histograms .......................... 1510 
246- Southern Uplands Greywacke Geochemistry: S Histograms ........................... 1511 
247- Southern Uplands Greywacke Geochemistry: Sb Histograms .......................... 1512 
248- Southern Uplands Greywacke Geochemistry: Sr Histograms ........................... 1513 
249- Southern Uplands Greywacke Geochemistry: Th Histograms .......................... 1514 
250- Southern Uplands Greywacke Geochemistry: V Histograms ........................... 1515 
251- Southern Uplands Greywacke Geochemistry: Y Histograms ........................... 1516 
252- Southern Uplands Greywacke Geochemistry: Zn Histograms ......................... 1517 
253- Southern Uplands Greywacke Geochemistry: Zr Histograms ........................... 1518 
254- Southern Uplands Greywacke Geochemistry: Al/Si Histograms ...................... 1519 
255- Southern Uplands Greywacke Geochemistry: KINa Histograms ...................... 1520 
256- Southern Uplands Greywacke Geochemistry: K/K+Na Histograms ................. 1521 
257- Southern Uplands Greywacke Geochemistry: K+Na Histograms .................... 1523 
258- Southern Uplands Greywacke Geochemistry: Rb/Sr Histograms ..................... 1524 
259- Southern Uplands Greywacke Geochemistry: Mg+Fe Histograms ................... 1525 
260- Southern Uplands Greywacke Geochemistry: Fe/Mg Histograms .................... 1526 
261- Southern Uplands Greywacke Geochemistry: Ni/Co Histograms ..................... 1527 
262- Southern Uplands Greywacke Geochemistry: Zr/Nb Histograms ..................... 1528 
263- Southern Uplands Greywacke Geochemistry: La{Y Histograms ....................... 1529 
264- Southern Uplands Greywacke Geochemistry: Nb/P Histograms ....................... 1530 
265- Southern Uplands Greywacke Geochemistry: Nb/Y Histograms ...................... 1531 
266- Geological Map of the Northern Section of the Rhinos of Galloway ................ 1532 
267- Lithogeochemical Atlas of the Rhinos of Galloway, Scotland: Si02 (%) .......... 1534 
268- Lithogeochemical Atlas of the Rhinos of Galloway, Scotland: AlP3 (%) ........ 1535 
269- Lithogeochemical Atlas of the Rhinos of Galloway, Scotland: Ti02 (%) ......... 1536 
270- Lithogeochemical Atlas of the Rhinos of Galloway, Scotland: FeZ0

3 
(%) ........ 1537 

271- Lithogeochemical Atlas of the Rhinos of Galloway, Scotland: MgO (% ) ......... 1538 
272- Litbogeochemical Atlas of the Rhinos of Galloway, Scotland: NBz0 (%) ........ 1539 
273- Litbogeochemical Atlas of the Rhinos of Galloway, Scotland: CaO (%) .......... 1540 
274- Litbogeochemical Atlas of the Rhinos of Galloway, Scotland: K,0 (%) .......... 1541 
275- Litbogeochemical Atlas of the Rhinos of Galloway, Scotland: MoO (%) ......... 1542 
276- Litbogeochemical Atlas of the Rhinos of Galloway, Scotland: pp, (% ) ......... 1544 
277- Lithogeochemical Atlas of the Rhinos of Galloway, Scotland: As (ppm) ......... 1545 
278- Detailed enlargement of Arsenic anomalies, Southeast of Portpatrick .............. 1546 
279- Lithogeochemical Atlas of the Rhinos of Galloway, Scotland: Ba (ppm) ......... 1547 
280- Lithogeochemical Atlas of the Rhinos of Galloway, Scotland: Co (ppm) ......... 1548 
281- Litbogeochemical Atlas of the Rhinos of Galloway, Scotland: Cr (ppm) ......... 1549 



282-
283-
284-
285-
286-
287-
288-
289-
290--
291-
292-
293-
294-
295-
2968-
296b-
297-

298-
299-
300-
301-
302-
303-
304-
305-
306-
307-
308-
309-
310-
311-
312-
313-
314-
315-
316-
317-
318-
319-
320-
321-
322-
323-
324-
325-
326-
327-
328-
329-
330-
331-
332-
333-
334-
335-
336-
337-
338-
339-
340-
341-
342-

Lithogeochemical Atlas of the Rhinos of Galloway, Scotland: Cu (ppm) ......... 1550 
Lithogeochemical Atlas of the Rhinos of Galloway, Scotland: La (ppm) ......... 1551 
Lithogeochemical Atlas of the Rhinos of Galloway, Scotland: Nb (ppm) ........ 1552 
Lithogeochemical Atlas of the Rhinos of Galloway, Scotland: Ni (ppm) ......... 1554 
Lithogeochemical Atlas of the Rhinos of Galloway, Scotland: Ph (ppm) ......... 1555 
Lithogeochemical Atlas of the Rhinos of Galloway, Scotland: Rb (ppm) ......... 1556 
Lithogeochemical Atlas of the Rhinos of Galloway, Scotland: S (ppm) .......... 1557 
Lithogeochemical Atlas of the Rhinos of Galloway, Scotland: Sb (ppm) ......... 1558 
Lithogeochemical Atlas of the Rhinos of Galloway, Scotland: Sr (ppm) .......... 1559 
Lithogeochemical Atlas of the Rhinos of Galloway, Scotland: Th (ppm) ......... 1560 
Lithogeochemical Atlas of the Rhinos of Galloway, Scotland: V (ppm) ......... 1561 
Lithogeochemical Atlas of the Rhinos of Galloway, Scotland: Y (ppm) ......... 1562 
Uthogeocbemical Atlas of the Rhinos of Galloway, Scotland: Zn (ppm) ......... 1564 
Lithogeochemical Atlas of the Rhinos of Galloway, Scotland: Zr (ppm) ......... 1565 
Petrochemical Stratigraphy of the Southern Uplands and Longford Down. ...... 1566 
Petrographic Greywacke Formations in the Southern Uplands of Scotland ...... 1567 
Changes in Sea level and associated features through the Lower Palaeozoic 
stratigraphic Record in the British Isles (from Legget 1981) ............................ 1568 
Underground lithogeocbemical traverse of the Susanna Vein, Leadhills .......... 1569 
lUGS Silica-Total AUtalii Classification Diagram (after LeBas 1983) ............. 1574 
lUGS Silica-Total Alkalii Diagram: Marchbum and Afton Fonnations ........... 1575 
lUGS Silica-Total AUtalii Diagram: B1ackcraig and Scar Fonnations .............. 1576 
lUGS Silica-Total Alkalii Diagram: Sbinnel and Pyroxenous Formations ........ 1577 
lUGS Silica-Total Alkalii Diagram: Intennediate and Hawick Formations ...... 1578 
lUGS Silica-Total AUtalii Diagram: Glendinning Greywacke .......................... 1580 
lUGS Silica-Total Alkalii Diagram: Glendinning mineralized Greywacke ....... 1581 
CaO-Sr Discrimination Diagram: Marchbum Formation. ................................ 1582 
CaO-Sr Discrimination Diagram: Afton Formation. ........................................ 1583 
CaO-Sr Discrimination Diagram: Blackc:raig Formation .................................. 1584 
CaO-Sr Discrimination Diagram: Scar Formation ........................................... 1585 
CaO-Sr Discrimination Diagram: Sbinnel Formation. ...................................... 1586 
CaO-Sr Discrimination Diagram: Pyroxenous Fonnation ................................ 1587 
CaO-Sr Discrimination Diagram: Intennediate and Hawick Fonnation. .......... 1589 
Si0

2
-MgO Discrimination Diagram: Marchbum and Afton Formation. ........... 1590 

SiOz-MgO Discrimination Diagram: Blackc:raig and Scar Fonnation. .............. 1591 
SiOl-MgO Discrimination Diagram: Pyroxenous and Sbinnel Formation. ....... 1592 
SiOl-MgO Discrimination Diagram: Intennediate and Hawick Fonnation. ...... 1593 
SiOl-Rb Discrimination Diagram: Marchbum and Afton Fonnation. ............... 1594 
SiOz-Rb Discrimination Diagram: Blackcraig and Scar Formation. ................. 1595 
SiOl-Rb Discrimination Diagram: PyroxenouB and Sbinnel Formation. ........... 1597 

SiOz-Rb Discrimination Diagram: lnIennediate and Hawick Formation. ......... 1598 
SiOl-CaO Discrimination Diagram: Marcbbum and Afton Fonnation ............. 1599 
SiOl-CaO Discrimination Diagram: Blackcraig and Scar Fonnation. ............... I600 
SiOl-CaO Discrimination Diagram: Pyroxenous and Sbinnel Formation. ....... 1601 
SiOz-CaO Discrimination Diagram: Inlennediate and Hawick Fonnation. ....... I602 
SiOl-Sr Discrimination Diagram: Marchbum and Afton Fonnation. ................ I604 
SiOl-Sr Discrimination Diagram: Blackc:raig and Scar Fonnation. .................. 1605 
SiOl-Sr Discrimination Diagram: Pyroxenous and Sbinnel Fonnation ............. I606 
SiOl-Sr Discrimination Diagram: Intennediate and Hawick Fonnation .......... 1607 
Sial-Nap Discrimination Diagram: Marchbum and Afton Formation. ........... I608 
Sial-Nap Discrimination Diagram: Blackc:raig and Scar Formation .............. 1609 
Sial-Nap Discrimination Diagram: Pyroxenous and Sbinnel Fonnation. ....... 1611 
SiOl-NBz0 Discrimination Diagram: Inlennediate and Hawick Fonnation. ..... 1612 
Si0

2
-Ti0

2 
Discrimination Diagram: Marcbbum and Afton Fonnation. ............ 1613 

Si0
2
-Ti0

2 
Discrimination Diagram: Blackc:raig and Scar Fonnation ............... 1614 

SiOl-Ti0
2 

Discrimination Diagram: Pyroxenous and Sbinnel Fonnation ......... 1615 
Si0

2
-TiOz Discrimination Diagram: Intennediate and Hawick Formation. ...... 1616 

SiOz-Fe Discrimination Diagram: Marchbum and Afton Formation. ............... 1618 
Sial-Fe Discrimination Diagram: Blackcraig and Scar Fonnation. .................. 1619 
Sial-Fe Discrimination Diagram: PyroxenouB and Sbinnel Fonnation. ........... 1620 
Si02-Fe Discrimination Diagram: Intennediate and Hawick Formation. .......... 1621 
(Fe+Mg)-Ti Discrimination Diagram: Marchbum and Afton Formation. ......... 1622 
(Fe+Mg)-Ti Discrimination Diagram: Blackc:raig and Scar Formation. ........... 1623 



343- (Fe+Mg)-Ti Discrimination Diagram: Pyroxenous and Sbinnel Fonnation. ..... 1625 
344- (Fe+Mg)-Ti Discrimination Diagram: Intennediate and Hawick Fonnation ..... 1626 
345- (Fe+Mg)-(Al/Si) Discrimination Diagram: Marchbum and Afton Fonnation. .. 1627 
346- (Fe+Mg)-(Al/Si) Discrimination Diagram: Blackcraig and Scar Fonnation. ..... 1628 
347- (Fe+Mg)-(Al/Si) Discrimination Diagram: Pyroxenoull and Sbinnel Fonn ...... 1629 
348- (Fe+Mg)-(Al/Si) Discrimination Diagram: Intennediate and Hawick Fonn .... 1630 
349- (Fe+Mg)-(K/Na) Discrimination Diagram: Marchburn and Afton Fonnation..1632 
350- (Fe+Mg)-(K/Na) Discrimination Diagram: Blackcraig and Scar Fonnation. .... 1633 
351- (Fe+Mg)-(K/Na) Discrimination Diagram: Pyroxenous and Shinnel Form. .... 1634 
352- (Fe+Mg)-(K/Na) Discrimination Diagram: Intennediate and Hawick Form. ... 1635 
353- (Fe+Mg)-(Al/(CaO+Nap» Diagram: Marchbum and Afton Fonnation. ......... 1636 
354- (Fe+Mg)-(Al/(CaO+Nap» Diagram: Blackcraig and Scar Fonnation. ............ 1637 
355- (Fe+Mg)-(Al/(CaO+Nap» Diagram: Pyroxenous and Sbinnel Fonnation. ..... 1639 
356- (Fe+Mg)-(Al/(CaO+Nap» Diagram: Intennediate and Hawick Fonnation ..... I640 
357- Th-La Discrimination Diagram: Marchbum and Afton Fonnation ................... 1641 
358- Th-La Discrimination Diagram: Blackcraig and Scar Fonnation. .................... 1642 
359- Th-La Discrimination Diagram: Pyroxenoull and Shinnel Fonnation ............... 1643 
360- Th-Ia Discrimination Diagram: Intennediate and Hawick Fonnation. .............. I644 
361- (K/K+Na)-(K+Na) Discrimination Diagram: Marchbum and Afton Form. ..... 1645 
362- (K/K+Na)-(K+Na) Discrimination Diagram: Blackcraig and Scar Fonnation ... 1647 
363- (K/K+Na)-(K+Na) Discrimination Diagram: Pyroxenous and Shinnel Fonn ... 1648 
364- (K/K+Na)-(K+Na) Discrimination Diagram: Intennediate and Hawick Fonn .. 1649 
365- (K/K+Na)-(K+Na) Discrimination Diagram: As-Sb-Au mineralization Study .. 1650 
366- Fe/Mg-Cr Discrimination Diagram: Marchbum and Afton Fonnation ............. 1651 
367- Fe/Mg-Cr Discrimination Diagram: Blackcraig and Scar Fonnation. ............... 1653 
368- Fe/Mg-Cr Discrimination Diagram: Pyroxenous and Shinnel Fonnation......... 1654 
369- Fe/Mg-Cr Discrimination Diagram: Intermediate and Hawick Fonnation. ....... 1655 
370- Y -CaO Discrimination Diagram: Marchbum and Afton Fonnation .................. 1656 
371- Y-CaO Discrimination Diagram: Blackcraig and Scar Fonnation. ................... 1657 
372- Y-Cao Discrimination Diagram: Pyroxenous and Shinnel Fonnation. ............. 1659 
373- Y-CaO Discrimination Diagram: Intermediate and Hawick Fonnation. ........... 1660 
374- Sr-Y Discrimination Diagram: Marchbum and Afton Fonnation. ................... 1661 
375- Sr-Y Discrimination Diagram: BIackcraig and Scar Fonnation. ...................... 1662 
376- Sr-Y Discrimination Diagram: Pyroxenous and Shinnel Fonnation. ............... 1663 
377- Sr-Y Discrimination Diagram: Intennediate and Hawick Fonnation. .............. I664 
378- ~O-Rb Discrimination Diagram: Marchbum and Afton Fonnation. ............... 1666 
379- ~O-Rb Discrimination Diagram: Blackcraig and Scar Fonnation ................... 1667 
380- ~O-Rb Discrimination Diagram: Pyroxenous and Shinnel Fonnation ............ 1668 
381- ~O-Rb Discrimination Diagram: Intennediate and Hawick Fonnation. .......... 1669 
382- ~O-Rb Discrimination Diagram: As-Sb-Au mineralization Study .................. 1670 
383- MgO-Sr Discrimination Diagram: Marchbum and Afton Fonnation. ............... 1671 
384- MgO-Sr Discrimination Diagram: BIackcraig and Scar Fonnation. ................. 1672 
385- MgO-Sr Discrimination Diagram: Pyroxenous and Shinnel Fonnation. ........... 1674 
386- MgO-Sr Discrimination Diagram: Intennediate and Hawick Fonnation. ......... 1675 
387- Cr-V Discrimination Diagram: Marchbum and Afton Fonnation. .................... 1676 
388- Cr-V Discrimination Diagram: Blackcraig and Scar Fonnation. ...................... 1677 
389- Cr-V Discrimination Diagram: Pyroxenous and Shinnel Fonnation ................. 1678 
390- Cr-V Discrimination Diagram: Intermediate and Hawick Fonnation .............. 1679 
391- Ni-Cr Discrimination Diagram: Marchbum and Afton Fonnation ................... 1681 
392- Ni-Cr Discrimination Diagram: Blackcraig and Scar Fonnation ..................... 1682 
393- Ni-Cr Discrimination Diagram: Pyroxenous and Shinnel Fonnation. ............... 1683 
394- Ni-Cr Discrimination Diagram: Intennediate and Hawick Fonnation .............. 1684 
395- Zr-Y Discrimination Diagram: Marchbum and Afton Fonnation .................... 1685 
396- Zr-Y Discrimination Diagram: Blackcraig and Scar Fonnation. ...................... 1686 
397- Zr-Y Discrimination Diagram: Pyroxenous and Shinnel Fonnation ................. 1688 
398- 'h-Y Discrimination Diagram: Intennediate and Hawick Fonnation .............. 1689 
399- Fe/Mg-Zr Discrimination Diagram: Marchbum and Afton Fonnation ............. 1690 
400- Fe/Mg-Zr Discrimination Diagram: Blackcraig and Scar Fonnation ............... 1691 
401- Fe/Mg-Zr Discrimination Diagram: Pyroxenous and Shinnel Fonnation. ......... 1692 
402- Fe/Mg-Zr Discrimination Diagram: Intennediate and Hawick Fonnation. ...... 1693 
403- Zr-Ti02 Discrimination Diagram: Marchbum and Afton Fonnation ............... 1694 
404- Zr-Ti02 Discrimination Diagram: Blackcraig and Scar Formation .................. 1696 
405- 'h-Ti02 Discrimination Diagram: Pyroxenous and Shinnel Formation ........... 1697 



406- a-Ti02 Discrimination Diagram: Intermediate and Hawick Formation. .......... 1698 
407- La/Y-Nb/Y Discrimination Diagram: Marchbum and Afton Formation. .......... 1699 
408- La/Y-Nb/Y Discrimination Diagram: Blackcraig and Scar Formation ............. 1700 
409- La/Y -Nb/Y Discrimination Diagram: Pyroxenous and Shionel Formation. ...... 1702 
410- La/Y -Nb/Y Discrimination Diagram: Intermediate and Hawick Formation. ..... 1703 
411- Longford Down Lithogeochemical Survey Area: Geological Map ................... 1704 
412- Longford Down Lithogeochemical Atlas: sial (%) ........................................ 1706 
413- Longford Down Lithogeochemical Atlas: Alp] (%) ...................................... 1707 
414- Longford Down Lithogeochemical Atlas: Ti02 (% ) ........................................ 1708 
415- Longford Down Lithogeochemical Atlas: Fe20 3 (%) ...................................... 1710 
416- Longford Down Lithogeochemical Atlas: Nap (%) ....................................... 1711 
417- Longford Down Lithogeochemical Atlas: CaO (%) ........................................ 1712 
418- Longford Down Lithogeochemical Atlas: MgO (%) ....................................... 1713 
419- Longford Down Lithogeochemical Atlas : ~O (%) ........................................ 1714 
420- Longford Down Lithogeochemical Atlas: MoO (% ) ....................................... 1715 
421- Longford Down Lithogcochemical Atlas: pp, (%) ........................................ 1716 
422- Longford Down Lithogeochemical Atlas : As (ppm) ....................................... 1717 
423- Longford Down Lithogeochemical Atlas: Ba (ppm) ....................................... 1719 
424- Longford Down Lithogeochemical Atlas: Co (ppm) ....................................... 1720 
425- Longford Down Lithogeochemical Atlas: Cr (ppm) ........................................ 1721 
426- Longford Down Lithogeochemical Atlas: Cu (ppm) ....................................... 1722 
427- Longford Down Lithogeochemical Atlas: Ga (ppm) ....................................... 1723 
428- Longford Down Lithogeochemical Atlas: La (ppm) ........................................ 1724 
429- Longford Down Lithogeochemical Atlas: Nb (ppm) ....................................... 1725 
430- Longford Down Lithogeochemical Atlas: Ni (ppm) ........................................ 1726 
431- Longford Down Lithogeochemical Atlas: Pb (ppm) ........................................ 1727 
432- Longford Down Lithogeochemical Atlas: Rb (ppm) ....................................... 1728 
433- Longford Down Lithogeochemical Atlas: S (ppm) ........................................ 1730 
434- Longford Down Lithogeochemical Atlas : Sb (ppm).. ...................... ............... 1731 
435- Longford Down Lithogeochemical Atlas: Th (ppm) ....................................... 1732 
436- Longford Down Lithogeochemical Atlas: V (ppm) ........................................ 1733 
437- Longford Down Lithogeochemical Atlas: Y (ppm) ........................................ 1734 
438- Longford Down Lithogeochemical Atlas: Zn (ppm) ....................................... 1735 
439- Longford Down Lithogeochemical Atlas: a (ppm) ........................................ 1736 
440- Chondrite normalised REB patterns for Archean Greywackes (after Taylor 

and McCleonan 1985) ..................................................................................... 1737 
441- Chondrite normalised REB patterns for Phanerozoic Greywackes (after 

Taylor and McClennan 1985) .......................................................................... 1739 
442- Chondrite normalised REE patterns for Post Archean shale composites and 

averages (after Taylor and McClennan 1985) .................................................. 1740 
443- Chondrite normalised REB patterns for Quartz Rich Greywackes (after 

Taylor and McClennan 1985) .......................................................................... 1741 
444- Chondrite normalised REE patterns for Quartz Intermediate Greywackes 

(after Taylor and McClennan 1985) ................................................................. 1742 
445- Chondrite normalised REB patterns for Quartz Poor Greywackes (after 

Taylor and McClennan 1985) .......................................................................... 1743 
446- Chondrite normalised REB: Marcbbum Formation (A) .................................... 1745 
447- Chondrite normalised REE: Marchbum Formation (B) .................................... 1746 
448- Chondrite normalised REE: Marchbum Formation (C) .................................... 1747 
449- Chondrite normalised REE: Marchbum Formation (B) .................................... 1748 
450- Chondrite normalised REB: Afton Formation (A) ............................................ 1749 
451- Chondrite normalised REB: Afton Formation (B) ............................................ 1750 
452- Chondrite normalised REB: Afton Formation (C) ............................................ 1751 
453- Chondrite normalised REB: Afton Formation (0) ............................................ 1752 
454- Chondrite normalised REE: Blackcraig Formation (A) .................................... 1754 
455- Chondrite normalised REE: Scar Formation (A) .............................................. 1755 
456- Chondrite normalised REB: Scar Formation (B) .............................................. 1756 
457- Chondrite normalised REB: Scar Formation (C) .............................................. 1757 
458- Chondrite normalised REB: Scar Formation (0) .............................................. 1758 
459- Chondrite normalised REB: Scar Formation (E) .............................................. 1759 
460- Chondrite normalised REB: Scar Formation (F) ............................................... 17fIJ 
461- Chondrite normalised REE: Shinnel Formation (A) ......................................... 1761 
462- Chondrite normalised REE: Shinnel Formation (B) ......................................... 1763 



463- Chondrite nonnalised REB: Shinnel Fonnation (C) ......................................... 1764 
464- Chondrite nonnalised REB: Pyroxenous Fonnation (A) ................................... 1765 
465- Chondrite nonnalised REB: Pyroxenous Fonnation (B) ................................... 1766 
466- Chondrite nonnalised REB: Pyroxenous Fonnation (C) ................................... 1767 
467- Chondrite nonnalised REB: Pyroxenous Fonnation (0) ................................... 1768 
468- Chondrite nonnalised REE: Intennediate Fonnation (A) ................................. 1769 
469- Chondrite nonnalised REB: Intennediate Fonnation (B) ................................. 1770 
470- Chondrite nonnalised REB: Intennediate Fonnation (C) ................................. 1772 
471- Chondrite nonnalised REB: Glendinning Alteration (A) .................................. 1773 
472- Chondrite nonnalised REB: Glendinning Alteration (8) .................................. 1774 
473- Chondrite nonnalised REB: Glendinning Alteration (C) .................................. 1775 
474- Chondrite nonnalised REB: Glendinning Alteration (0) .................................. 1776 
475- A Simplified model of the metallogenesis of As-Sb-Au deposits in the British 

Caledonides ..................................................................................................... 1777 



-1201-

1 -

2-

3-

FIGURES 

British ble. Location M., (conical projection). Note 

the position of the Southern Uplmds in the central 

portion of the diagram with .apect to the Midland 

Valley of Scotland, Longford-Down Inlier and Lake 

DistricL 

The'i' metbociolon and pbilOlOl!by. This diagram 

preaenll a graphical.ummary of the methodology and 

philosophy undeNken during this PhD project, ex­

tending &om the initial concepts and hypothesis, 

through a prOCCll of sampling. analysis and interpreta­

tion in an iterative fashion in order to generate the 

modela and conclusions peaented within thia thesi •• 

Relationship between the Ordinance 'urveY national 

pumerical,rid apd the lrid refcrellliC leMripl mtem. 

This diagram preaents an oudine map of Northern Eng­

land and Scotland in relation to the UK national grid 

.y.tem. Any .rea located within this map may be 

def"med to the nearest 10m in tel11ll of a unique 10 

fiBure grid reference (ie 55555 33333) Thi, m.p will 

lIIist the reader to locate the approximate position of 

any seoehemical sample .ite within the UK field areas. 

Unfortunately Ulextension oftbis arid system into Eire 

during the Longford Down sampling program WII not 

possible. PIeue note that the Irish National Grid Sys­

tem WII used to provide unique sample site positions 

within the Longford Down. 

4a- Maior sqvctural lineaments in the UK (after Hazle­

dine 1986). nul map depicts a number of major N-S 

lineaments identified during research upon structural 

controls of C.-boniferouslCdimentstion. The tint ap­

pearance of a number of of theIe Itructures correspond 

with the tint occurrence of lamprophyre dykes during 

Late SiluriUl (pridoli) times. In addition the hypothesis 

postu lated within this theaia is that there is a sisnificant 

correlation between lineaments, intrUlions and gold 

mineralisation in Southern Scotland. 

4b- l.ocItion of the Glendinninl Ai-Sh-Au deposit with 

rell!CCt to the SOUthero Uplagds Shluer BelL A major 

lineament identified not only by Hazledine (1986) but 

earlier by Peach and Home (1899) i. depicted upon 

s-

6-

current 1 :50,000 BGS maps of this area as a linear 

"shaUer belt". Thia belt compriaes of sp_ly ex­

posed, highly brecciated Breywacke and mudatonel 

forming • zone up to l.slan in width. If this belt is 

extrapolated at a scale of I :50,000 south of its lut 

known outcrop, it is obaerved to pus within I Ian of the 

Glendinning deposit. 

The guae,," of Sold minemliution in the UK (from 

CollinI19n). Note that the only Bold occurrence in the 

Southern Uplanda is reported II medieval alluvial 

workingl in the Leadhil .. area. 

Southern Uplands of 5cotlllld Location MID. (Bued 

upon the U.K. National Survey 1:250,000 map). This 

map detaill the elltent of the Southern Uplands field 

area and defmea the unique numerical arid sYltcm uaed 

for iclcntifyins the locatioo of individual .amplel 

within this reaioo. 

7a- Locatiop of* Gleodiooing Dep;t in SQuthern Scot­

lull. Schematic representation of the location of the 

Glendinnins Deposit in rel.tion to both the Southern 

Uplands and Scotland. 

7b- Locatiop of ArKnopvrite hosted ,old mineraijaatjDII in 

the Sou*m Uplagds of Scotland. Thil diasram dis­

plays the relative positions of the five main araenopy­

rite-sold depositsltudied within the Southern Uplands 

(Chapter 5). 

8-

9-

Occurrgoces of Gold mjneraljsatiop in lrel"", (after 

Jones, 1986). This map clearly iIIultrates the wide­

spread nature of lold mineraliution in Ireland. Note 

the concentratioo of sold mineralisation usoeiated 

with Lower Palaeozoic and Caledonian Iitholoa1ea in 

contr.t to the Upper Palaeozoic. 

Location ofb CJontibret deposit in Southern lrelapd. 

A schematic representation of tile position of the Clon­

tibret As-Sb-Au deposit in relation to Eire and the 

Northern Ireland border. 

10- Detailed mine plM!! and sectiOQl of * CJootibret 

s\eJIQU1 after W;lbur (978) and Morri!! (986). Note 

the limited ell tent of underground mininS activity, 
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c:oIIIidcrable drift tbickDcu (>8m) and the eltln:mcly 

high (34ppm) Au _y values IocaIccI during the 

1950', _piing prolflUDl' 

11- Sjlg ofhjstorjcal alluyjal aold gUgjna in the I pdbjlJ. 

ID!' (cjrc. 16(0). 

12- Ojatrjbugm ofa!Juyjai aoklmjoera!iytjon in the Sq.th 

Kilcionm (Helm""..,) MIl ofnortbeut $c;otllUd (.fler 

Michie 1974). Note that the muimum SOld eooccoln­

tima oc;c;ur peripheral to the migmabte complex ADd 

the widespread distribution of .lIuvial gold in this 

regioo. 

13- Locat.ioo map of the priDciPal yein mtelDl in !be Loeb 

lay AreL Nofe the widespread diatn'bution of alluvi.1 

gold mineraliaatioo in this ID!' and ila apparent spatial 

aaoci.tim with known ~in and porphyry-type depos­

ita, namely Corrie Baie, Tomnadaahan, and Comrie. 

Alluvial gold oc;c;urencea in Glen A1mond Ire spatially 

related to di1lemminated araenopyrite mineralisation 

hOlted by IInlIbound mafic volc:anica (DuUer, 1986). 

14- The Leeslbjll.-Wtoloc;khctc! Minin, OJ.tric:t (from 

Gjllandem. 1981). Note the predominmt North-South 

orientation of the ext.enaive .uite of ~ina in this lD!a. 

15- Detailed pim of the SIIIfIlIJI Mipe.ICldbjIl"pd updcr­

around ympliDl site 1000tiops. Bach umple .ite 

number (1-29) is prefixed by POL and displ.yed in 

tables 4.122 and 2.119 of this thesil. Samples were 

collected at approximate 5m interval. from the adit 

entrNJc:e to the contact with the SIISIIUII Vein. A 

graphical reprcaentation of the geoc:hemical relults U'C 

presented in Fig. 298. 

16- Geological map of the Southem Uplands MowiDl 

major lith9tllntil"'pbjc divjsjom (frpm Slone et aI 

urn. Note the appU'Cnt eontinuity of CI'Oll-strilu: 

units and variation in formation names dependent upon 

are. ohtudy. 

17- Structural map of !be Southern Uplanda idcntifyjnl 

major faults pi bouqdaries between bella (Aftcr 

Lenel 1979). A detailed summary of the lithostrati­

graphic units (I to X) is preaentcd in the previous 

diagram (fiS.l6). 

18- Loc;atioo map of !be Sou!bern Uplagds derlQin, the 

!)9Ijtion of )he GlendinniD, {A> and Rhings of Gallo­

Way (D) Study py. A detsiled lithoseoc:hemicalatlu 

for eaeh study U'Ca i. presented in fiS'. 160-224 NJd 

267-295 respectively and aeomplcle summary atlM for 

tt..,Sou!bern Uplands is a!soprovided (in the form of 22 

m.,. cncw-l with thi. thesi.). 

19- LithopelrOlRPbje .trlljppby of the Ordovjcjm 

~g of the SOVthern Uplands (from Floyd 1981 ). 

20.- ~ lligrapbjc _tjon through )he QrdoyjciM Rocks of 

!II to We,t Nidydale area oftbc SO!!!hern Uplands (from 

fk.v,Sd.2tll. Samples from this area were ulled to 

chemically define the nature of caeb Il'Cywaeke forma 

tion reoosniaed on the bais of differing petrography. 

lOb- GeoJ.jet! map of tile NOJtbc;rn Belt Itydy pa (Floyd, 

1981). ThislD!' repreaenll the traininglD!a for 

resional poc;hcmical identification .tudiea. 

lOc- PetroIDphic Irayerae. djlplnin, the Quartz and (eao­

ml.siM mineral content of the Mvcbbum Mop, 

DJackcrail Scar IUd SNOOPI FonnaljOlll (after Floyd 

1981). Theile variatima in petrography are minored 

directly by ehmges in tbc mljor NJd trace e1cmcnt 

chemistry of each _pie (Refcr to fold-out 2). 

20d Point couO! data c!IDParinl and contrytjnl !he petro­

papbjc cllllmcatiQN eltabljabed by KePinl (1969) 

and Floyd C!98D for lreywacke HlDPles from the 

Nortberp and Central belli. Nole the elear com:lation 

between the Portpatrick (Bak) agel Sear, agel Portpa­

trick (Aeicf) NJd Shinnel formations respectively. 

21- SjmoJjficd accretionary prism model of)he relation­

abjps between differinl OrdoyjcjM peWOlrlobjc for­

mations durinl the Early SjluriMl (after Flgyd 1983). 

Rcfer to text for cxplanation of abbreviations. 

22- Geolggical mD of the Flcet lfIQiJc IUd sUn-oundiol 

arcl (from Malc et 111978). Note the complex zoning 

patlcrn within the granile maM and the IOC:llionohmall 

peripheral intrusions. 
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FIGURE 18 
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FIGURE 20d 
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23- Drain ••• ocbemistry mN! of the Fleet erNljte and 

• urroundine area (from I n,h et ,I 1978). Note the 

apparent strike-parallel natu~ of the turbidite unit 

coolie.. and the apparent CI'OIIS .triItc variation in 

geochemistry. 

24- Loclljon of old mcta!Uferous mjges in !be vicinity of 

the Fleet Grani!c· SouthMSt Scotland. Nt'fe the con­

ceau.tioo ofPb{Lndeposits in the IOUth wclkm flmb 

of the fleet granite 8IICI the apparent zonation towards 

~/Ni miDcraiiAlioa in proximity to the granik. 

25- Geo!oJica! map of the Loeb Doon Granijl; and lur­

roundinS IlCI (frgn I qk et al 1281 ). Nr ',c the N-8 

elongate, complex pattem of chemicall p ,t 'OsrllPhic 

zonation within the 'granite' with pcripber.\1 otiorik, 

norite and tonalite lurrounding a granite and trNlSi­

tion.1 granite core. 

26- Djatribution of Illuyial sold in the Loeb Poon are, 
(from Leake eta! )980. Note the widesp~addistribu­

tion of alI uvial gold throughout this ~gion and the 

concentration in areas marginal to sman igneous intru­

sions. 

27- The location of the Marchbum Afton, BlpckcraiC Scar 

and ShiMel fonnatims in the Loeb Doon prel (from 

Leake et al 128 I ). 1'beIc: formatiOlll we~ cIusif'Jed m 

the basis of greywacke petrography using !he Criteril 

defined by Floyd (1980). 

28- Schematic flowcJwt of the RAW Dwbue manue­

mnt "'Btem. This DBMS System allows the user to 

create, edit, Ippend, merge and reformat a wide variety 

of numerical data stored in self-formaling relltional 

data files. Two forms of editing are provided, nsmely 

sample and variable editing. Sample editing allowB 

individual sample records to be modified or ~moved 

whereas vari,ble oriented editing II lows variables to be 

generated or trNlSformed for each and every sunple 

record in the dlta file. A variety of tabulation options 

enlbles the ulCr to specify the format of the report 

output, irnmediltely prior to report creltion. 

29- Spndstone cIwjficllljon djacmn (Modjfied after Dott 

) 964. McBride ) 963). See dilgram for explanatory 

notel • 

30- Mea/lured strltjel'l!C!hic stjms from the Tweed 

Bride UJd Tal, Linn study are •• In the Tweed Bridge 

Scc:tion aeochemicaJ samples w~ selected (rom the 

unit .. beled 'A' by chip samplinglCro •• the outcrop, 

~u in the Talla Lim Section representative 

samples from each interbedded greYWlCke unit were 

.ampled. 

3) - Scottjsh Wmpropbyre menic apd sold BSochemjstry. 

Note the strong correlltion between Au (ppb) and As 

(ppm) with inereasing clement abundance. 

32- Hj'~rI!DI ibowioe the djstribution ofmaior UJd irA 

clements in IJ'SVWlCkedrom the Glendionjoc reejopa! 

Study are •. (ace kxt for detailed interpretation). 

33- HjstOJAlDl ahowinC !he djstribution ofmajor UJd irA 

cleme. in mudstones from the G!endjooips recjoo,1 

Study area. (ace text for detailed intcrp~tation). 

34- HjstoellIIDI show inc the djstribytion ofmljor NJd irA 

eleme. jn mjneralisccl drillcore from the Glendjnpipc 

As-Sb-Ay dcposjL (ace text fordetailed interpretation). 

3Sa- Geochemjctl AJteratiop;- GJendjnninC area SiQ, (5) 

Note the general increaae in lilica composition for 

lltered greywacke sample. with respect to the unmin­

eralilCd counterparts and the dcc:reaae in compOIitim 

refJcc:ted between Iltered mudstone and relional 

mudstones. 

3Sb- Geochemical Alter.ticm;- G!epdinpinll area AI,Q, (1Jr) 

Note the general increase in AI composition reflected in 

lltered samples. 

3Sc- Geochemica! AJteration;- Glendinning are' TiO. (%) 

Note the enhanced TiO. levels prellCnt in mudstme 

samples in compari.on with tile interbedded grey­

WICke counterparts. 

36.- Geochemic'l Al!eratjcm'- G\endjnnine are' Fe.Q~ 

Note the depletion of iron in both altered greywlCke 

tnd mudstme sample. respectively. 
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FIGURE 27 
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FIGURE 28 
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FIGURE 30 

A 

TWEED __ -====~ 
BRIDG 

SECTIONI-----r 
(NT 0977 2434) __ -=~ 

4m 

o 

TALLA 
LINN 

SECTION 

5m 

o 

NT14082012 

I 
I 
'\ 

. \ 

I 

" 

\ 

"\ 

:J 

J 
1 

l 

NT14152009 
1 



FIGURE 31 

-1236-

SCOTTISH LAMPROPHYRE GEOCHEMISTRY 
COMbined XRF and lNAA Dati 

. 200~----------------------------------~~1~ 

U 50 

20 

10 
573317 572352 547962 571669 573327 573277 570514 573472 571665 

BGS SAMPLE NUMBER 

SCOTTISH LAMPROPHYRE GEOCHEMISTRY 
CoMbined XRF and lNAA Dati 

500~~~~----------------------------~~ 

. ~+---------------------------------------~~ 
() 

C 100+-------------------------~=---VA---~~--~~ 
o 
U 50+---------~--~--_V~--~J--~--_fA--_QJ--

10~~~~--~~~L-~~~~~~-
573317 572352 547962 573324 571669 573327 573277 570514 573472 571665 

BGS SAMPLE NUMBER 



-1237-

FIGURE 32 

Histograms showing the distribution of major and 
trace e.lements In greywackes from the Glendinning 
study area. 
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FIGURE 32 cent: 

Histograms showing the distribution of major and 
trace elements In graywackes from the Glendinning 
study area. 
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FIGURE 32 cent: 

Histograms showing the distribution of major and 
trace elements In greywackes from the Glendinning 
study area. 
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FIGURE 32 cont: 

Histograms showing the distribution of major and 
trace elements In greywackes from the Glendinning 
study area. 
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FIGURE 33 

Histograms showing the distribution of major and 
trace elements In mudstone. from the Glendinning 
study area. 
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FIGURE 33 cent: 

Histograms showing the distribution of major and 
trace elements In mudstones from the Glendinning 
study area. 
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FIGURE 33 cant: 

Histograms showing the distribution of major and 
trace elem~~ts In mudstones from the Glendinning 
study area. 
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FIGURE 33 cent: 

Histograms showing the distribution of major and 
trace elements In mudstones from the Glendinning 
study area. 
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FIGURE 34 

Histograms showing the distribution of major and 
trace elements In mineralised drill core from the 
Glendinning Au-As-Sb deposit. 
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FIGURE 34 cont: 

Histograms showing the distribution of major and 
trace elements In mineralised drill core from the 
Glendinning Au-As-Sb deposit. 
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FIGURE 34 cont: 

Histograms showing the distribution of major and 
trace elements In mineralised drill core from the 
Glendinning Au-As-Sb deposit. 
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FIGURE 34 cent: 

Histograms showing the distribution of major and 
trace elements In mlnerall.ed drill core from the 
Glendinning Au-As-Sb deposit. 
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36b- <ieQEbppjgI AItmljop:- Gleodiminl IN MgO (~) 

Note the ~ in mapeaium conlent usocWod 

with a1terM umpIea aad the enbucod minimum level 

auociued with mineraliled greywlCkea. 

36<:- <ieopbomjctl Altm&iog;- Glepdjppinlll'C' CaO <") 
Nole the dcc:rc_ in rinse of c.o v.i .. from non­

mineraJilled to mineral_ AIIlpIea, and the U80Ciued 

incn:_ in c.o minimum levels in altered _pies. 

37.- Gccx;ilemjcal Altqllioo;- Q!eMiminl .. NaP (5) 

Note the major sodium depletion effects U80Ciateci 

with aIleration of both greywackcs aad mudstones. 

17b- Gccx;bemjcal AlleratjCII;- Qlepdjopinlll'C' ~Q (5) 

Note the inc_ in potassium conlent of minerali _ 

_ plcs (mean 0.75 aad o.s~ in greywacu. and 

muddoaea relpCCtivcly). 

37c- <iecx;hgpjsal Altmtjon;- Gleodiooinlll'CI MA() (5) 

NOIe the minor increuc in backpuncl MnO cootent of 

altered SllDple. .. oppoaed to the relatively conatant 

.vcr. c:ompoIition of altered mel uoallierM _pies. 

38t- Geochemical Allieration:- GlendinninllJ'Cl P,O. (5) 

This diapam iIIulltnltCll that the P20. composition of 

both litho1ogics is re1ativcly 1IDIffec:Ied by altcralion. 

38b- Qcgchpmjcal AllFI'IIjon:- Qlepdjnpjnlll'C' AI (lIJIIDl 

J.. CIIpccteci weenic levels II'C enriched in this depoait 

by. factor of> 1000 with relpeel to backsround levels. 

38c- Geochemical AlJFratjCIJ;- GJepdjopjglll'C' B. (plln) 

Only minor barium enrichmeat is obaerved within the 

Glendinning deposit. 

3911- Gegcbemjca' AlIe[Jcjog'- Q!r;ndjngiolll'C' a <ppm) 

Minor inc~ in chlorine content of aIlered Amples 

arc obaerved, pl&'ticu'.ly with respect to mudstones. 

39b- . Qeocbemjctl AJtmtjgo:- QlegclianiDlare' Co (ppm) .. 

Minor enrichments of cobalt (2-Sppm meln) arc Db­

• rved in .Ilered _pleL 

39c- QeOlihemjc.1 Alleratjog;- Glepdjooio, are' Cr 'DI!III) 

No significant vari.tion arc obaervcd in the chromium 

content of either lreywackc or mudstooe Iitho\oSiea. 

40.- <ie.mical AI"ration;- QlepdjopjDlII'C' Cu <PJ!ID) 

Minor copper enrichment i. obaerved in the back­

pound leve" of .llerM _pies. 

4Ob- Qeocbcmjcal Alte[Jcjog:- Qleodinnjnlare' G. (ppm) 

No .ipificlDt variation ill cCIIDpOIIition 111''' delccled. 

4Oc:- <iegchcmjpel AlIe[Jti.:- Qlepdjminlll'C' 14 "pD) 

Bnrichnent of 14 backsround aad avertse levels were 

clef'med only in altered areywacke _pie •• No signifi­

CIDt cbanpa were deflDOd within mudstone IIDlplea. 

41.- Oeocbemic.1 AlI!I![Jtion;- Qlegclilllinlll'C' Ni (ppn) 

The .verase and mu.imum nickel conlent of srey­

wacke AmPle. were enriched in oppoaition to deple­

tioo !rends ob.erved in mudstone IIDlpleL 

41b- Geochemic.1 AI"[JtjoA;- Q!eglippinlare' Nb 'pgm) 

No .ipificantc:hllllJcs in Nb conlent were defmecl. A. 

.uch, it may be infcrrM that Nb 111'" immobile duri", 

altcratioo. 

41c- Gc!!Ebemict! AlIIQrItiCl!;- ale_minim. Pb (ppm) 

Substantial mere- in the lead oonllent of both .Itered 

areywack •• and mudstonea is clearly defmed. 

421- Gc!!Ebemjcal Alteration;- Olepdjopjoa II'C' Rb <RPm) 

The rubidium content of both Jl'Cywacke. and 

mudstCIJCI is lubjected to m.jor enriclment durina 

alteration proc:eael. Background and 'VCrtse leve" 

h.ve riten by 40 a: 30ppm in lreywac:ke. and 

mudstone. respectively. 

42b- Geocbemjcal AllGration;- GJegclinoioc QI Sr <PJ!IDl 

Nole that thellroatium conlent mirrors that of rubidium 

and i. enriched in both mudstone and areywlCke 

_plea in • simi'ar manner and order of magnitude. 

42c- <iegcbemjc.1 AI!Cration;- Qlegcljnnin,Il'C' Sb <pgm) 

The antimony content of both greywac:ke and 

mudstCMJe AmpIelIl'C increued during.ltcratiCIJ by • 

factor of 50-1 000 compared to backpouod V.'UCI. 
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43a- Gcochemjcal A)teraljoo·- GJ;ndjppin'lIH S (IIIIID) 

Sulpbid8tion is ot.erved to have formed a major proc­

_ durinS altendion ud baa Unpc.ed c:oaaiderable 

enrichments in both pywacb ud madatone 

--.... AlteRe! pywacb Ample...., elll'icbed in 

nlphur by a factor of I (J()II, compuecl to their altered 

muclatooc equivaleols inforrinS lhatpywacke lidIoJo.. 

sica were cOll8iderably _ ncceptable to Ibia proc­

_ of alleration. 

43b- GeochemjcaJ A)teptjoni- Olsndj"'in, Mia Tb <lIIIIll 

Minor inc:re_ in Tb cooleDt -= oI.aved in aItaed 

_pies. 

43c- Oe.mica! Altmtiopi- Olmdin"in, ma Y <mm) 
AIthoup a sliShl inc:re_ in minimum V content is 

obBerved between pywacb ud altered pywaclte 

_plea DO major chan .. in V conteDt ClUJ he m-:tIy 

adributable to the miaeraJiaina p"m 1111. A minor 

inc:reue in averase altered pywacke composition is 

coualerbalaac;cd by decre_ in altered mudstone 

composition. 

44a- Geocbemjca! AlIcPtjoai- OJepdinnin• area Y (mp) 

Minor depletiOM in Y content occur in both ave ... 

and muimum values for pywacu. and muclston.. 

44b- GeocbemjcaJ Alteration:- QlsgJinnin. area 11 (ppm) 

A1thoup characteristic dccre_ in maximum 11 

contents ..., observed in boch altered peywacke and 

mudstone _plea the averaae composition i. rela­

tively unaffected by alteration and although poIIIibly 

affected by minor dilution effects, Zr h .. remained 

immobile during the miaera1isation prC!CCIIICa. 

45a- Geoebrmia! A1!Gptjoni- Q!epdimin. area Zn (ppm) 

It is important to aotc that zinc: unlike other bue metals 

displays a major depletion effect uaociated with al­

tr:red pywacke (mem 3Oppm) and mudstone <mean 

6Oppm)samples.AlthoupthemuimumZnconlentin 

greywackea ia highly onricbed (max 2000ppm) this 

value may be due to the incorporation of aphalerite 

(ZnS) in the sample. The depletion ofZn coupled with 

that of Na providea a chemical finserprint for the 

location and identification of Olepdinnin, type depos­

its in this terrain. 

4Sb- Ocochemjs;.! AltentiOOi- Olsnd;ooi"1 IfPI D (ppm) 

The didribuUon ofTI within greywacke and mudstone 

.... pIca is aporadic. Oiven the limits of element detr:c­

tion by XRF IDchniq_ (1-2ppm) moat _lYleS fell 

'below delDclion limits'. However, in a number of 

~ D Ieve" upto 17ppm _re loealed and clearly 

corrcilled with Aa-Sb mineralisation. 

46a- OIoMi..,i", Pjw;riminatioo Pia,om·- SiO, VI AJ,O. 

This diasnm providea a chemical cl ... ificillion 10 

differentiate he'-n mudstone and areywacke 

aampIeI &om die Oleadinnit.g re,ional.tudy areL The 

diacrimiMtion boundary ia defined on the basis of a 

95 .. aipific:ance level. 

46b- 0hM;-;n. Djw;riminatjp'l...1;a.rao!"- SiO, VI &,.0, 

Thia eliapam cle.ly demoIIIlratea the chemical differ­

entiation of mudstone and aI"Cywaclte ample. on the 

b.i. of major element composition. 

46c- Glsndjmin. Pjw;rimi"atioo Pia,om·- SjQ, VI NI.Q 

Particul.ly DOIcworthy in thia diasram is the differen­

tiation between peywacke and mudstone, and the 

effects of hydrothermal auida on upon both IitholoJiel, 

namely the lIOdium depiction Ulociatcd with waUrock 

aleeratioa. 

46d- Qlspdjooin, Djacrimination PillDD'i- SjQ, VI ~ 

Note the increucd potauium content of mudstone 

samples ineerpreled .. reflecting an increuod clay 

mineral coneeat. 

460- Qlsndjooi", Pjacriminltjon PilUlIDi- SjQ, VI Sr 

This diaJFUII clcvly iUullratr:. the addition of Itron­

ti.m to both grcywacke and mudstone samples and 

provide. a dilCrimination between iadividuallitholo­

gie ... _II • c:ryptic mineralintiOll. 

46f- Glsndjmain. Djacrimination DiagVl,.- SiOl VI 00 

Thia diagram cle.ly illustrates the relationship he­

tween SiOl and 00 in both grcywackea and 

muct.loncI and may be ulCd tochcmically diffcrentiatr: 

hetwecn the two lithologies. 

47a- Glsndjooinl Djacriminatjon PlllrNDi- S;o, VI y 

Note the increaaed nnadium content in mudstone. 
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FIGURE 46 a-f 
SI02 vs ~3 SI02 vs ~[203 
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which COI'IeIatea well with aimiW inaaaea in both 

potuaium IDd a1umiDa coate ..... thereby inferring a 

clay miaenl host 1« .... elemeut. 

4Th- Glem'imin, DjscrjmjpttjOll DiaJll!lll;- ~Q. VI TiO, 

11Iia diagnm may be aaed 10 clift'ereatiale '-­

pyw8Cke. mudatGoe IDd hydrotbermally altered 

equivalenta, due predominandy 10 pcUiaium metuo 

matiam in wal!rock lalplea. 

47c- Glendjming Djac:rjmiaaliOll Digram;- AlP. VI NaR 
Thia diapam may be -t to diatiDpiab betweea 

aItcnd and uaalt.erod liIboJosiea and providea a further 

diac:rimiaation diagram 1« uae in piapoiatiaa c:ryptic: 

mineraliaatioa. 

47d- Olemtiming QjegjnivliOll Digram;-~Q, VI KsO 
11Iia diagram demonatneea the clear linear reilltionlhip 

betweeaAl andKc:ommt., dlul iafarin& aclay mineral 

.-oc:iation. Mudatone IIIICI pywac:ke AmpIeamay be 

clearly differeDliabt by the relative abundanc:e of 

tbeae two elemeata (ie. tbeir relative clay c:oateat). 

47e- Olemtimiag Diwiniopjgp PM.-;-~O. D MaO 
Nole the eft'ec:ta of ......-_ deplelion in wallroc:ll. 

alteratioD, IUpel'imJ-ed IIpOIl !be 1m- relatioalbip 

between alumina and mapeaium in all ullllliaeraliaed 

_plel. 

47f- Glendjmia& DEmj_on DiIPJQI;- Al,O, VI CaO 

Tbia diagram clearly illuatn1ea the combiulioo of clay 

mineral a1terlllion and i_ in CaO content (pre­

domiaandy u c:.rbonaIC) with wallroct altcratioa. 

48.. Olpndjnping J)jeqjmjptlj9P Digram;- AJ.Q. va FcO 

Nole the effec:ta of iron depletion in hydrothermal 

alteration, IUperDnpc.ecl upon the linear relationlbip 

betwcca AI and Fe in all unmiaeraH..laamplea. 

48b- Oiendjooing DjecrjmivliOll DiIJII'IID;- Al/J, VI Co 

Nole the unif_ Ieve" of cobalt in boda peywacke 

and mudslone aamplea and the sporadic nature of 

cobalt enrichment MaOCiabt with mineraliaed 

48c- Olmdjmia, DiacrjmiQlljop Diagram·- AI.Q. VI Sr 

Thia diqnmclearly iIIUltratel the combination of clay 

mineral allCratiop and inc:re_ in Ilrontium coplent 

MIOCilled with wallroc:lt alteration proce_l. The 

COI'Ieladon between IlrOIIlium and CaO infen a clwe 

miaeraloJic:al _iatiop and • luch it ia ~ 

th.t the ptedominant boat mineral f« Sr ia Caco,. 

48d- Olegdjooing Djacrjmipation Piagrvnj- AlP, VI Rb 

Note the linear relationahip between alumina and ru­

bidium with the threahold between sreywacke and 

mudatonecontrolled by clay mineralOJY u _n in fip. 

47dand48L 

4Be- Olegdjoojo, PiKrjmiaatjOll Digram·- rn. VI Fc.Q. 

Thia di....- clearly diaplaya a liocar relatiOMhip 

betw.n titanium and iron in both pywaclte and 

mudltone aamplea. 

48f- Olepdjmin, DjacrjmiDlliOll DillrNDi- rn, VI NI.Q 

lbia diapam may be ueed to differentiate bot_ 

pywacke and mudatone aample. IOsether with the 

effcc:ts of wallroc:k alteration proc:eaaea. 

49.. G!c;mtimjog DjacrimipMjm Dil,ram·- TiO, VI KP 
Thia diaaram providel a luitable me_ for diacrimi­

nating between peywacke. mlldstone and wallroc:k 

allCralion aamplea. Note the incn:_ in K c:optent 

n:lativc to Ii in the altered Ample Illite. 

491»- Glegdj'l'jO& Diacrimivtim Djgram;- riO, VI MaQ 

11Iia diagram iIIultratel &he approximate linear Ie'" 
tionahip between titanium and masnellium in both 

greywac:ke and mudstone lithologiel and &he effec:ta of 

mapeaium depletion _ialed with &he alteration 

49c- Glendillljo, Diacriminatim Pigrami- TIO, VI CaO 

NOIe the invenc linear relalionahip between titanium 

and calcium contentl. with the highelt titanium valuel 

occurrIna in mucktone lilbololiel. 

49<1- Gleodinnio, Djacrjminatim Pigrami- 00, VI Rb 

11Iia diap'1m clearly illustratea the addition of rubid­

ium durinS hydroehennalalteration of both lilholopea. 
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FIGURE 48 a-f 
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Note the line... rellllionship between titanium UId 

v.u.clium in both licbolope.. Ibcreby iDfariaa a.Jmi.. 

.... hostmine ..... 

491- Glendjmioa Pjtcrimination Digram'- fe,g. VI Nap 

Thia diaJr... ilIustnlea die apaIial rellllionahip 1Ie­

tween iron and lIOCIium content of both pywacke and 

mucktonelilholoJiea. 'J"hc pywacke umplea _ rela­

lively caricbed io _ium compwed to dleir finer 

grained coanterparts however the iron content of 

mudstooea • comiclerably enrichccl io preference to 

pywackc sample .. Nole the pronounced effecla of 

sodium depletion MaOCiatecl with hydrolhermalaltera­

lion. 

Note the linell' rellliOlllhip betMICn iron and potu­

.iUDI mel rbe combined effecta of potaaium enrich­

ment and iron depletion upon the wallrock alteration 

auite of aamplea. 

SOb- G!endjmiA& Pjacrimioatjog Diamm:- &20. VI MaO 
Note rbe approximae linell' relatioaabip emibited 

between iron IDII mapesium. This positive correlation 

• interpreted to reflect rbe aature of a joint JIII'Ont 

mineral. 

SOc- Qkpdi'l'ina Qisrimipttjon Pia_i- &20, VI CaO 

Th. dia.,. ... displays Ul inverae relalionship betweeD 

iron Uld calcium (aimilll' in _y reapecta to that 

displayecl in liS' 49c between titanium and calcium) 

and ill ...... adecreaae inCacontent with srain •ize• 

Note the anaIl population of mineraliacd samplea (tri­

AnSlea) cleflDinSthe effcela of iron depiction MIOCiated 

with alteration. 

SOd- G!endjmio, Pimimjnatjon Pja"..,,:- &,9, VI 0 

Note the appuent linell' relationabip between iron and 

chromium ioferrins a pcMIible host mineral aaocia­

lion. Spondic hip conceDUatiOllll of 0 iD peywacke 

aampJea may due to the inclusion of allCparale, pouibly 

rnotMMDineralic _. IlICh _ detrilal chromite 

grains. 

5Oe- GJendjlllin, Djlcrimjpatj", Djalrlm'- fe,g. VI Bb 

Thia diagram muslralea !he .trona poaitive correlatiOft 

betweeD iron and rubidium Uld the cffecla of iron 

depletion and rubidium enrichment in the a1eration 

Hie. 

5Of- Glendjmin, Pjtcrimjetjgp Djalrlm'- &Jl. VI Sr 

Note the app_nt inverae relations:'ip between irOft 

and IIronlium ref10ctina a .imil ... nod 10 Ibat obacrved 

with calcium ancIlhereby reaffinninglhe mineralo,i­

cal _iation of both calcium and stronlium. 

51 a- Glendjmina Pjacrimjpatjon DiIID'J'~,..n..SIl 

Nole the Fnerally low !evc" of antil ooy (<3ppm) in 

all unaltered lilholop. ancI the lacl: ,,f a .ianificant 

correlalion' between antimony and iro .. c.vichment in 

wallrock aampln. 

51 b- G!en"jnnin, Pjacrim;Mtigp PjIPR;- ",g, VI Zr 

Nole the increaaedvarialion inZrcontent in peywackc 

samples _ ~ to their mudstone equivalenla 

(inferred to be due to varianca in grain ,ize d.lribu­

tion) ancI the sharp cutoff between Ihe two lilboloaie. 

on !he b.i. of iron COIIIeDt. 

51c- Glendilll;PS Dj.mminll;oo Pjamm;- Na,Q VI K,Q 

Thia diagram iIIuatrale' the inverae relationship be­

tween lIOdium and potuaium conlenL Polulium en­

richment io the flDer grained lilhoiOCiea i. allributable 

to an incre_ in the proportion of clay minerals. So­

dium enrichment appe.... concentrated wilbio !he 

coune grained fraction of a ...... ple population and ia 

intlCrpreled .. repretlCnlina Ul incre_ in delrital feld­

., .. conlenL Noe the cffec:ta of sodium depletion and 

potuaium enrichment upon both Iilbologic •• 

Sld- GlendjlllinS Di.mminalion Dia,ram:- NaJ> VI C» 

Nole the general increaae in abundance of copper 

within the mudstone lilholoaie •• This may be altribut­

able to the ItClvengin, effecla of clay minerals. Here 

aaain note the effects of sodium depJetiOft Iftd minor 

copper enriclvncnt in !he alteration .uie. 

51 e- Glendioo;na P;scrimjnlljon Pja,ram;- N.~ VI Co 

Note the narrow ranSC of cobaltcompoaition preIICnt in 

both lilhologies ancI the cffccla of minor cobalt enrich-
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__ durin, hydrolbermal altenDCIIl. 

51f- GI;pdjooing Pirqjmin.jgp Diagram:- Na,Q nCr 

Note the IIPJ'I'OllimUc bimodal telatioalhip between 

lIOdium uad chromium. A limplc iDv_ telatiombip 

between both lithologies is overprinted by a rmse of 

high chromium valuca conc:eutrated ill pywacb 

BIIIIIpIes alone, inee..-ted _ detrital C'omponeDt ef­

fec:CB. 

52a- GIcpdjOOing Pjrqjmjpltion Pigram;- Nap n Ni 

Note the iIIv_ IiDcv telationship betw-'CIn lOdium 

and Dic:kel .xl the effects of hydrocbermal aleentiOD. 

52b- Glcpdjooing Pirqjmjpl&jgp Diagram;- 'i\J> VI Rb 

lbis cIiapam clevly illuatra11Da the inv_ n.. 'ationlhip 

between amm and nabidium and the efJecta of 80-

dium depiction and .,.bidium enric:bment ill ahered 

-plea. 

52c:- Glcpdjooing Pirqjmin.ion Digram;- Nap VI Sr 

Note the ippI'OXimatc liDear teillionsbip between 80-

dium and strontium in both pywacke and mudstone 

lithologies uad the etrec:. of strontium enrichment and 

lIOCIium depiction in wallrock samples. 

5le- GI;pdjooing Pisrimjgetjgp Pil,,;- CaO n Rb 

This diasnm may be aaed to clearly diffetentiaee be­

tween peywac:lte, mudstone and hydrothermally aI­

eeted material. Waliroc:k alteration is identified by 

enrichment of both calciam and rubidium. 

52f- GI;pdjnning Pisc:rimjMlim Pi ... ;- CaO VI Y 

Noee a general iavcnc: tellilionsbip between calcium 

lOCI vmadilllll with high vanadium values coac:en­

trated predominudy within the finer gnin lithologies. 

531- GIcpdjOOin, Pieqjminatjoo Djqram.- MaO VI Nap 

This diagram displays the vlriation in aium and 

mapeaium cantcnt of interbedded peywac:b and 

mucktoae lithologies. Magneaiam cantent is prefml .... 

tially conc:ellU'aIed in f"mer pined lithologies. Note 

alao the ctrec:. of both 80CIium uad mlpeaium depic­

tion in aleeration SImples. 

53b- GI;pdjooin' PjlCrimiMtjon Pi_w;- MaO VI Rb 

This diapml illuatn .. the linear telationllhip between 

mapeaium and rubidium, with increaaed content of 

bod! elemen. pn:aent in finer pained frac:tiODl of the 

atudied lithoJoaiea. Noee the profound effec:ta of mas­

_ium depletion and rubidium enrichment in altered 

umpIeL 

53c- GlcndjOOing PjlCrimiMtion DilB[JQ);- MaO VI Y 
Note the lme. telltiODlhip between mapelium and 

vanadium andlhe limited effects of masneaium deple­

tiOD on the aample population. 

53d- GI;pdjooing PjlCrimjgetion Pi.IP ...... - MaO VI G. 

This diaplln diaplaya the II'J'I'Oximate linear re lation­

ship betwwn mapoaium and sallium in the atudied 

IitholOJies and displaYI the effects of ma,nelium 

depJetiClll during aleeration. 

530- Qlcpdjooing Diacrjminlljll! Dilgram;- MaO VI Nj 

Note the lme. relationahip betwwn nickel and mape­

aium conaeat ofboCb lithologies with Ihe highelt val_ 

.".-t in the finer grained frac:tiona. 

53f- Glppdjminr Djlcrimipaljlll Pi.,....,,;- K20 VI Sr 

This diaJl1llD cle.ly identifiea the invene relationahip 

between potauium uad atrontium cootent in both li­

tholopea and the effccta of both potMaium and Itron­

a_ earichment durina miaeraliaatioo. 

S4a- Olppdjnnia. Piacrimjolljop Pja,[IID;- Na2Q VI Y 
This diaaram illulira .. the invene relationahip be­

tween IOdhan and vanadium _ a function of grain lIize. 

'I1aia trend ia alao obaerved with nickel, rubidium, 

.,...ium, iron, aluminium and copper when com­

pared with their c:orrespoodina aodium valuel. 

S4b- Ol;pdjmin. Piacrimjnaljoa PiasrMJ);- Co VI Rb 

Note the clear diacriminatioa between grcywac:ke and 

mucJatone lithologiea and the limited effec:ta of cobalt 

enricbmmt durina alteration. 

5<4c- Qlendjoojol PiacrimiMliIl! PilBfllD·- Cr VI Y 

Note the bimodal diatributiClll of clwomium valuea with 

reapect to vanadium. 1ne line ... relationabip between 

the. twoelcmenta ildiarupted by a 8CCondary popula· 
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tiOD of high 0- valua which bu previoully been 

interpreed u _Idng &om Ihe incluaion of detrical 

cbromite grainI in greywllCke umplc:l. 

s.cd- Olepdjooin, Pjp;rjmiMtiOD Diyrup'- Cr n Rb 

Note Ihe line ... reldionship between chromium UId 

rubidium in both Iithologiel UId Ihe enriclmentofboth 

elemenb in the fiDer gnin umpte.. 

54e- 0lepdjm;n, Djeqjm;Mtion Diaarllll'- Cu n Rb 

Note Ihe coaf'mod range of s~ywllCb compoation in 

compvison with Ihe t"mer arained. mudMone litho. 

siel. Thia diasnm bu limited uae of in cliffacntiatiDa 

between aJtered and unaltered material. 

54f- Olepdjmin, Djlrqjminatjop DiaarM!'- Rb n Sr 

TbiI diagr_ diaplaya clell' differentiation patllem 

between sreywecke and mudatone JCOChemiall'y with 

rubidium and atrontium inversely related UId both 

aubjec:ted to enrichment durinS wallrodt alteration. 

55a- Olepdjoo;n, Djpim;Mljgn DiII"Jll!;- Rb n V 

Note the poeitive ~latiOD betw.n rubidium UId 

vanadium in both Iithologiea and Ihe CoacentraliOD of 

lheee elemeats in Ihe fiocr arained (mudstone) 

umples. 

55b- OlenctimiD, DjRcrimiMtiOD Diyrupj- Ni n Rb 

Thia diaar- def"1IICI the IineII' relationship bet_ 

nictel and rubidium in both Iithologiel. The effects of 

rubidium enrichment during alteration are allo clearly 

iUuatrated. 

5Se- Okwtimin, Diacriminatjop Dill"Jll!j- V yl Zr 

lbia diagram illustrates the nUTOW range ofZr content 

defined in both pywecte and. mudatone lithologies 

and det"1IICI the boundariea between the two lCdimenb 

on Ihe bu_ of vanadium content alone. 

56- Southern Uplands GrevwlCR Formlliom; ComJ)Oli­

ponal &yelopca 

The foJlowinS 13 fiau- diaplay a aeries of individual 

eJementcompoeidonal envelopes and preaent a graphi­

cal lummary of Ihe variatio .. displayc.t by differins 

petrogr..,hic formations ecrOll the Southern Uplanda. 

Tbeeipt greywllCke formatiCIDS cleaeribed here may be 

lub-divided into two main categoric, in order to aid 

iaterprecation, namely; Oatonic derived;- Afton, Shin­

ocl. Intcnnediale and Hawic:lt FormatiOlll; and Vol­

canic derived;- MaR:hbum. BllCkcraig, Pyroxenou. 

and Scar Formations. The Hawick Formation i. par_ 

ticularly notcwortby in that both Ihe major and trace 

element contenb are diluted by a major addition ofc.o 

(predominantly u ~Ie). lbia dilution hu re­

sulled in the usignment of a 'volcanic' chemicalsiana-

ture to thia formation (petroaraphicaUy defined u cra­

tonic in ori,in). 'I1Iese envelope. sraphicalJy demon­

.....te tine ltatiatical vari .bte. and two compositional 

nnael in a paeudo-traW'[IC ICrou the Southem Up­

Janda; Ihe firat. minimulP to mean ia identified by solid 

medina wbereu the .,,')II(f. mean to maximum ia 

cJet"mecI by hatching. All ~i.,:,wna in this IICction, with 

the ellcoption of the REB elemenb <_213) are bMed 

upon a population of 699 umplel. The diatribution of 

individual valllCl for each element ia preeented in 

foldout 1 and diacuaaed in detail in chapter 5. 

56a- S!!!!thc;m UR''''''' Ore"acb Formlliopa; SjOl 

The voJcanic formationa diaplay Dotably lower Si val­

uea (mean and maximum) than lheir cratonic counter­

pan.. Nolle Ihe low Si conlent oflhe Hawick Fonnation. 

56b- SCNthc;m Upl", Ore"_ FormtIiQIII' A1.Q~ 

Utde lyatematic variation in composition is obaerved 

between volcanic and cratonic formationa. N luch thia 

element hu no lipificant role in greYWlCke diacrimi­

aation and/or lemin boundary identification. 

56c- Southem URI", Greywack fonnatjonsj IiOl (S) 

A paeral decreaae in Ii valuea ia obaerved ecrou the 

lucceuion with volcanic formadona dilplaying rela­

tively higher mean valuel than their jUlltapoaed cra­

tonic counterparta <ace chapter 5 for detailed diacua­

lion). 

57a- Southem URI""" Gre"IeR fonnayOQli Fc~, ~ 

'I1Ie minimlllll and mean Fe compositiona of volcanic 

derived formatiOlll diaplay higher values than their 

craIoaic: counterparts and mirror the Ti compositions 

with a nod towards dec~uins valuel ecrOll the 

I_ion. 
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57b- Southem UpI-Ore". FgmatjCllli MaO 't.) 
MgO nlues cloeely foUmv that of n and Fe with the 

hiSbcst coateota occurrina in the volclDic cleriWld 

M .. chbum Formatioa. The melD volemic: composi­

tion is loS-3.M, hisher than ita juxlapoeecl c:rlllODic 

counlerpart and .. ncb provides. _lui diacrimiaa­

tioa iDdc:x. 

57c- Sguthem Uplanda Ore". fgnpaIjow. CtO't.) 
The Ca conlent varies systematically IICl'OU the ._­

aiOD. Wilb the exc;cptioa of tho Hawick Formation, 

cratonicderiWld pywach& h.ve 2-31Jo lower .ver. 
content than their volcaair. counlerparla. The Hawick 

Formation is however. ch, "llCleriaed by the hipea Ca 

content of any formatio I in Ibis IIbIdy. due to the 

lipificlDt iDput of carboa. ' ... &om the lource lerrain. 

58.. Sgutbern Upl. On;ywRe Fonplljona; NaJ> ''&) 

The N. conlent reflects the variation in petrosnPhY 

acroa the luccellion wilb mean c:ompoIitionl of vol­

emic derived PYWlCkea up to O.8CJo hisher tMa their 

cr.toniccounlerpartl. TheeffecCII ofNaciepletion 8110-

ei.ted with by~thennal activity Ire mukcdly cleve1-

oped in the Afton, Intermediale and Hawick (cratonic) 

formationa. 

5Rb- Southern UplNJds Oreywtek formatiON; K,Q ''&) 

Systematic dift'en:noea in melD compoaitiOD between 

cratonic and volcmic clerived pywaclte fonnationa 

an: iUUItraIed (volclllic O.51Jo lower than c:ratoaic) 

particularly during Ordovician timel. 

58c- Southern Uplagdt Oreywaclte FormatioDl; MnO ''&) 

Although the MIlO conlent is seocrall)' low (<O.25IJo) 

Iynemltic van_ions between cratooic aad volcanic 

derived sreywaclte formatiOlll exist with the former 

relatively depleted with relpect to ita volcanic counler­

part (me ... volcanic composition i. O.OSIJo bisller than 

cratonic). 

59a- ~guJbem Uplanda Orevwge FormaIjCllli PJ> 'Ii). _. 

Tbis dilllfllD iIIuatralelaaubtie trend towards decte ... 

ing P content acrCIBI the ._ion with notably hisher 

values occurrins in the volcanic Man:hbum Forma­

tion. 

5911- SOIIthern Up""'h Ore". Pormatiom; AI '1lSZIIl) 

80th the minimum and me ... A. v.lues in pywacltea 

from this _ion lie cloee to. or below the .... Iytical 

det.ectioa limit of the XRP (2-3ppm). Prom. review of 

the univariale llatiatica pertaininS to Ibis di'srma it is 

obaervecl that the mean compoaitioa of volcanic de­

rived peywackea is 1-2 ppm lower chan the cratonic 

......... Thill di ........ iIIultralel the numerous occur-

mace of elev ... _Die levela (several lena of ppm) 

ICIOII tbia aucceaaion. 

5ge- Sgulhprn Upl""" Ore". PlII'IDII,ions; B. '1lSZIIl) 

Akbouab there is DO IY.malic v.-i.tion in B. conlent 

acrou tbi. -ion. individnl formationa exhibit 

sharp CCIIIIraItI with jUlltapoaod units. 

6Os- Sgudar:m UpIepdt GmJWIRke PlI'IQIliona' Co '1lSZIIl) 

The Co COII.nt il bilbly variable tbroupout dar: IOC­

ceaaioa. VoIcInic clerived peywacba are on .Yer. 

5-8 ppm lower th-. thoir jIIxlafK*d cratonic equiv .. 

len ... 

6Ob- Sgudar:rn Up"" Qre"aclte PmpatiCIII' Cr (ppm) 

A Iy*matic trend of docre_ina Cr v.luel acrou dar: 

_ioaOCCUl'l with me ... volcanic compoeition 30-

150ppm biper than lbeir julllpOaed cratonic counter­

,.,.. B11lnm1ely hilh Cr val_ up to 1100ppm ..., 

cbuac:leriltic of the Marc:bbum and to • Ieaer eXIent, 

Blackcrail f_tion and an: indicative of ... ullreba­

lic conlribtllion from the source lerraiD. 

6Oc- Sgulhpm Uple .. GrcywMiU FmpMjsnw; Cy (1lSZIIl) 

Volcanic cleri¥ed peywacb formations display 

llighd)' elen.ed Cy v.lu. COIIIpInId to their cratonic 

c:ounlerpUII. Hip Cu Valuel m.ybe rei'" to. variety 

of ditrerinl stylel of mineraliation and identify wac" 
of pCIBIible exploration inIereat. 

61.- SOIIdar:m Up!anda GreYWMiU Fonne&iomi Q. 'IIIID) 

Hiahly COIIIiatent O. nluel are displ.yed acroll the 

: __ -ion. wi'" .ubde variation (3~ppm) ill 

composition hetween volcanic (hipr) .ad craklllic 

(lower) cIeri¥ed formationa. 

61h- SOJIdar:rn Upl", Qrel'WlCko PgmatiON; W (ppm) 

Syllemalic van_ions in W conlent occur ac~ the 
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FIGURE 57 a-c SOUTHERN UPLANDS GREYWACKE GEOCHEMISTRY 
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FIGURE 58 a-c SOUTHERN UPLANDS GREYWACKE GEOCHEMISTRY 
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FIGURE 60 a-cSOUTHERN UPLANDS GREY~ACKE GEOCHEMISTRY 
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elllin! auccasioa with c:rUnic f~ exhibhiJII 

leve" 10-15 ppm p.r tbaa lheir volc:anic counler­

p.n.. 

61c- SC!!Idaerp UpIepdm Om". fgmyIj .... Hi lppD) 

A poerat decn:ue in Ni coatent ia obeetwcI ~ the 

lucceuioo, with volc:anic ani .. defined by v .... 40-

60ppm hiaher tbaa their cntonic cotIIIteI'J*tI. The 

M .. cbbum Formation ia again c:bancteritIecI by ex­

tremely high Ni values (>2SOppm). 

62a- Southern Upl ... Grcywacb fonnlljopa· Nb (ppm) 

Subtle ayatemlltic vuiationl in Nb CODtent occur 

throughout the lucceuioa with voleMic: formationa 5-

15ppm lo_r tbaa their juxtBpoaed cntonic counter­

p .... 

62b- Southern Up""'" Omyw. Foppatjgpe; Rb <III'D) 

A lyatematic: incre_ inRb values ale oa..ved len. 

the IUCCC88ioa with volc:anic derived fonnatiCIIII 20-

30ppm lower than their juxtapoeDd COUDtcrpIII'ta. 

62c- Southern Upl. Oreywllikr; Formatiopsj Sr (pzm) 

Syatematic vuiationa in Sr content occur Ihroapoat 

dUs ncceuioa with the mean COIIIpOIIition of volcanic 

formatiOlll l30-lOOppm hisher than the c:r1ltODic de­

rived p-eyWackel. 

63a- Southern Upl'" Gmyww;ie FgmUOI!Ij Ph (ppm) 

HiSbly cCllllistent Pb valuel occur throuSbout the IUC­

ceuion. No aylllClDatic: variation _ ot.erwcl however, 

anomalous v.luel ale indicalive of proximity to miner­

alisalion. 

63b- Southern Upl_ Gmvwacke FqmatjC!QIj Sb (ppm) 

The backpund level m Sb ale ~_, if not below the 

detcctioa limi .. of the XRP (1-3ppm). The avenae Sb 

content of the volcllllic formalioN _ O.4-I.6ppm lower 

than that dermed for Ihe cratonic units. 

.630-:.·.· SopJberg'IpI·nddJqntWIGkc Pqgp.,. S (PJIID)···· 

A Iystematic ~ in S COIIIImt len. the Iuccea­

lioa il clearly icIontif"1OCI, with volclnic formati_ 

containinl 200 -1000ppm biJher v.1_ than their 

jUxtspmed cratonic counterpuU. The Hawick Forma­

lion _ characterised by exnmely low vallCS 

(<5Oppm) which may be in\ICl'ICly cuneilled with 

increases in CaO content. 

64a- Soutbc;rn Upl_ GmywlCG format.; Th <ppm) 

A conI_nt pllttern ofTh v.luel occur throuafaout the 

I_ion with volcanic clerivod IVCywacke. pner­

ally ~ ppm lower than their juxtapoMld cntonic 

counterpartL 

64b- SOIIthern Up!apde Ore". formati ... ; Y <ppm) 

A IYltematic clecre_ in V content occun acroa the 

IUcccuion with volcanic derived formaliona ellhibit. 

inl c:ooc:enlration ~100ppm hiJhcr than their jUllta. 

pmecI crlltonic: lledimentl. 

65.. Southern Up""'" OreYWPCI Pong,Ii ... • Y 'IIZID) 

65b-

The mean Y values throuJbout thil IUcceuion ale 

bi.bly COOl_tent and display no IYltemalic vuiatioo. 

The hiJhcat val_ in thil -.ac;nce ale IocIted in the 

mtermedi_ Hawick Pormatioa. 

Southern Up .... Ore"" fonpali ... ; Zr <ppm) 

A ayRetDIIIic variatioa in Zr coatelll occun acrou the 

lUCceDion with volc:anic clerived peywacke. display­

in.val_100-15OppmIowerth_juxtapoeDdcralOllic 

pywacke. The Hawick Formation however, displays 

liSnific: ... dy lower values than ClIIpec:ted when COlll­

pared to the adjacent Intennediaae Formation (cra­

tonic). ThiI flCtor may be Il1ributed to the dilution 

effi:cta call1Gd by the adcIitioo of 10-15~ carboDite to 

the Hawick (Wenlock) pywackel. 

65c- Southern Up'''''''' Gm"lCb FgmatjODlj Zg (ppm) 

A 'YltemaliC varialion in Zn c:onIent _ obeerved ICfOIII 

the IU_ion with volcanic derived peywackel 10-

30ppm hiJber than juxtapoaed cratonic lledimenll. 

66a- SINthem UpI", Qreywackc REB duly j W <PJIID) 

RBBelement _ly_of213 peywacb aampIea_re 

uncIertakenby ICPfoilowinlthe tecbniquel outlined in 

chapter 2. Althou.h W displaYI relalively conaiatcnt 

v ..... this diaarua ahow8 the mean volcanic derived 

fonnaliona to have, compuati\ICly lower La content 

(6-8ppm) than lheir juxtapoHd cratoftic counterpart&. 

In addition, a ayaten.tic decre_ in rance. coupled 

with an incre_ in minimum valuel _ ot.ervecl ec..-
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FIGURE 61 a-c SOUTHERN UPLANDS GREYWACKE GEOCHEMISTRY 
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FIGURE 62 a-c SOUTHERN UPLANDS GREY WACKE GEOCHEMISTRY 
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FIGURE 63 a-c SOUTHERN UPLANDS GREYWACKE GEOCHEMISTRY 
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FIGURE 65 a-c SOUTHERN UPLANDS GREYWACKE GEOCHEMISTRY 
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66b- Soulhsrn Upl ... Gmww;b RUB atydy j C. Cpgp) 

This diap1llD ill ........ the comparative increae in C. 

c:oateDt at c:ntoaic deriveclpepaclrn _ oppoaed to 

their volcanic counlerparta. A ayaeematic i_ in 

ebe C. canll:Dt at volcaaic peywackca acroa the 

a_aion ia counterbalanced by IWpective ~ 

in craloaic peywacba. 

66c- Soulhsm um""" Orcyw. RBB "ydy . Pr (IIIID) 

The Pr contellt of cratmK: c1mWlC! pep.a ia 1-

2ppm hisher than their volcanic counlerparta. The 

seoenl REB Rod of lDcre_ina MiDimum and Do­

cre_iDa Raop (IMDR) acrou the a_ion ia a!ao 

delllODltrllll:d by tbia eJomeaL 

67a- Soy them URI_ Gmyww;ke R8B IIpdy ; Nd (ppm) 

The Nd content of the cratoaic c1mvecl peywackea ia 

a,ain hisher than !heir voleMic counterp .... The 

IMDR tread ia a!ao JII'lICIIL 

6Th- Soulhsm UnI ... Gmywpe RBB IIydy ; Sm (IIIID) 

SmdiiplayamaritedIYlimilare~moatv';adoaItoth" 

of the previous REB. 

67c- Southern UPIanda GmwIC" R8B ""ely ; By (ppp) 

Bu diaplaya notably different profile compared to that 

of the previou REB. with the mean valua of volc:aaic 

derived peYWICkea higher than their cratonic counIDr­

putl and a FneniRnd aowuda a deere_ in compo­

ailion ICI'OII8 this lucce .. ion. 

6Ia- Soulhsm Uplanda Grcywteke RBB ltucly ; Gel (ppm) 

UaJc if any Iy_matic tread ia apparent between cra­

tonic: and volcanic c1mved arer"'ICke f_tiona ill 

thia diapun. with hiahly COIIIiatent val ... pftIIIInt 

acroasebe entire aucceaaion. 

6Ib- Sou!bem Upl", Gncnuck REB IJUdy ; Py {JIpp) 

The tisbdy conatraiaed ranp ofebe BIICkeraia F0rma.­

tion on this diapam providea the only mianomer on an 

otberwiae hi,hly COIIIiatellt paHem of Valuel. 

6Ic- Southern Upl""" Gncyw.e RUB ldVdy ; 80 (ppm) 

The Blackcraia Formation again shOWl a ti,htly con-

atrained, leptoltvrtic population with clialribution posi­

tively skewed with reapect to the remaining Forma­

tiona, which diaplay hi"'ly _iatcnt valuea acrOll the 

lucoeaaion. 

69a- S!!I!tbem UpI"", Gmyw." REB .tydy . Be (PIBII) 

Br val_dillpJay limiI.pataema and trenda to bolh Dy 

and 80. 

69b- SOMtbem Upl"", Greywack" RUB IlYdy ; n (ppm) 

n val_ dilplay similar pat.rna and nnda 10 Dy, 80 

and Hr. Hem .. ain the Blackcraia Formation providel 

the onIydiaparity wilhin a relatively COIIIiatent aeriea of 

valUCI. 

690· SOIlbprn Upl" GreywIC" RUB ""ely j Ly (ppp) 

The wealFeatCODCentntiona ofREBelemen .. _ found 

with the e~nt Lu (O.I9-0.5ppm) yet a remarkable 

Iimillrity in cOIDpoaidonai envelope paHem ia dia­

played ~ thia e~nl and Dy, 80, Br and n. 
With the exception 01 the Blackcrail Formation valuel 

are hiply cOllli ..... with a trend lOW'" deere.ina 

nap acroa the IlICceIIion. In pneral. the volcanic 

formIdom ellhibit the pelll:at variability in both 

magnitude and range. 

70- GmywlCU clwjficaljopj Mwcbbllm fqmlljm 

Followina the methodoJosy defined by Blatt et al. 

(1972) and Crook (1974) urnplel from the Marchbum 

Formation may be cl_ified _ a hiBhly Fe-rich. quartz 

iatenaedi_ greywack. (table 1.49). Total alkali 

conten .. lie within the field defined by Mlynard et aI. 

(1982) ho_ver, note the concentnltion ofvaluea be­

low the NtllC-l threshold. 

71- Gn:ywacke d_jfjpjgp' Aftqp Fgrmatjan 

FoII_illl the c:_lficalionllCheme defined by B laU et 

aJ. (1972) and Crook. (1974)..ap_ from the Afton 

Fonnationmay be cl_ified _ Fe-rich, qullU intenne­

diate/rich peYWlCks;afJithic aandItonel. ToUI alkali 

conll:n .. lie wilhiD the field defined by Maynard et aI. 

(1982) however, the concenlntion of values cen.red 

upon the NtllC-l threshold ia incIic:.ive of a cOlllider­

able increMe in K,O conlent in cratonic derived aedi­

menta • oppoaed to their volcanic counterpar'tl. 
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FIGURE 66 a-c SOUTHERN UPLANDS GREYWACKE GEOCHEMISTRY 
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FIGURE 67 a-c SOUTHERN UPLANDS GREYWACKE GEOCHEMISTRY 
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FIGURE 71 
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7'l- Gmptcke clwjflClPog; Bltckcrail fgrwtjqg 

FoUowing the clwificationllCbeme cIefiDIId by Blattet 

aI. (1972) mel Crook (1974) aamp1ea "- the BJ.c:k­

crail Formatioa may be cl_uted _ Fe-ric:b, quWlz 

ink:rmedi_ pywtckeL Total alltali conk:nll lie 

within the field defiaed by the vo1cMic derived 

M.cbbum Formation, mel provided fvtber evideace 

of tbc volemic affinitica of the BJ.c:kcrai, Form.~ 

73- Gmp. cl_mUm; Sew Fqrmatioo 

Followina the melbodololY defiaed by Blaa et 

.1.(1972) mel Crook (1974) Amplel fran the S.:v 

Formllion may be cl_ified AI Fc-ric:b, quvtz intc:nne­

diate p"eywlK1kea. Alkali cook:DII lie witbiD the '"101d 

defined by the volcanic MllrChbum FOI1IIItion (b ,\",.. 

theN1/K-1 tbnsabold) mel provide furtberev __ feo .. 

the volcuUc affinity of lbia Formalioo. 

74- Grumcke cl_ifiClljog; Shin_l FgmatiqA 

Following the methodolol)' defined by Blaa et 

.1.(1972) mel Crook (1974) umpIu "- the ShIMel 

Formatioo may be cJ_ified AI Fc-rich, quvtz inlenne­

diak: pywackea. Alkali conk:oll are centred upon !he 

Na/K-J threIhold, cboup Ibwed tow ... the Nal 

~.7 duabold mel •• ueII prov_ cooflictina evi­

dence for the affinity of tbia FormatiCID. 

7S- Gluwacke c!wificap!!A; PyruGllOMl Fmpuoo 

FoI1owin, the melbodololY defined by Blau et 

aI.(1972) mel Crook (1974) aamp1ea from the Pyrox­

enoul Form.ion m.y be cl .. ifiecI u Fc-ricb, quartz 

ink:nnediak: p"eywackea. Alkali conleDlI are tiahtly 

c:onatrained, lie within the field Willed by the volc:anic 

Marchbum Form.ion (below the Na/K-I threahold) 

and provide ev_ace for the volcanic aff'lDity of lb. 

Formation. 

76- Gn;plCke cl_jfjclljoo; Ipk:mpli.k: Fgrmatjgp 

Followinl the c! .. ificatioo ICheme defined by B lauet 

aI. (1972) mel Crook (1974) aampIca "-the Ipk:rme­

di.k: Formation m.y be clwified AI Fe-rich, quutz 

ink:nnedi.k: -rich pywackcellithic aancktone •• Total 

alkali contcnlllie within the field defined by M.ynard 

et al. (1982) however, valuel are ccntenld upon the Nal 

K-I threlhold, indic.ivc of an incrc_ in ~Oconk:nt 

with rcapect to the juxtapoed Pyroxenoul Formalion, 

and the cratonic naure of thele Iedimcnll. 

77- MajCl'B!cQllQtGn;ywtcke clwificlliog; Glegdinnial 

Gre,yww:b Following the cl_ulClIliOll IChcme de­

fined by Blaact aI. (1972) and Crook (1974) AmPJc. 

&om the Glcndinnins rclionai ltudy __ within the 

Hawick Fonnaion may be clwified .. Fe-rich, quartz 

rich pcywackca/lithic undatonel. Total alkali COll­

all exk:ad outwith the fICId defined by M.ynard et aI. 

(1982) for Lower PalaeCIIEoic pywackcl. The major­

ity of val_ are emplaced.boYe the Na/KJa I threahold, 

indicaive of a major inc",_ in K,0 conk:nt, "'Iulti .. 

fromthecntonicnatunsofdJCleledimcnll.lnaddition, 

the cf'fecu of hydrothermal alk:ration within the 

Hawick Formation _plea may be directly correlated 

with N. depletion. Uain, • N~o-I.K depletioo 

IhrcahoId, lixtDcn aampJc. may be immocIi_ly identi­

fied u allenld mel IUbjeceed to detailed Itudy. 

78- O"pw;b c1wmtjog; Qlendiaainl MYdekme 

Followi. the cl .. ificaaoo acheme defiaed by B I.aet 

.1. (1972) and Crook (1974) mudatone _plea from 

the Hawick FOI'IIIation delDODltrak: • poailive enrich­

roent in K.,0 COOIent with rclflCCt to their ~r 

pained coun&erpuU. The total alkali di.snm demon­

atraeea. clev invene n:1ation- abip bea-n N8z0 Ind 

K.,0COOtc:nll which extend outwith the field defined by 

Maynard et aI.(1982) for Lower Palaeo- zoic JI'ly­

wacbs. All valun are emplaced .bove the NI/K-I 

threahoId. The effecll of h~rmal .Ileration and 

N. depletion m.y be directly -.cd Ulina • 

N~o-o.8" depletion thrwhold. 

79- O"pge clwjfjcllljqo: Q!codionins Mjpmljaalilll 

Followi", the c:lwificalion achemc defined by BI.uet 

.1. (I 972) and Crook (1974) mirJCraliaed_ple. from 

the BOS Glendimin, borehole. demonatrak: the m.jor 

effecll of N. depletion MaOCialed with bydrothermal 

alteration upon the holt rock Fochemiltry. Sample 

populationa ia both plota illuatrak: the virtually com­

plete removal of N. from ail_pie. and jualifiel the 

ale of N. depletioo in the identification of hydrother­

mally .Itered _pie. in the rcaional _pic IICt. 

80- Th-Co-Zr/IO Q"YWICB C1wifjcaljgp 

The diacriminaion di .... am defined by Bhatia (198S) 
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FIGURE 73 
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FIGURE 75 
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FIGURE 76 
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FIGURE 78 
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lIIIIy be ueod to c:1_ify the clilllinc:t prov_ types 

aod tec:toaic: IeUing of differing petrofaciu in the 

Soulbem Up ....... Four c:atcgorica we ~ 

a_ly: Oceanic: Island Arc: (OIA); Coatinen&alla ..... 

Arc (CIA); Active Continental Margin (ACM); met 

P_ive Mugins (PM). OIA grcyweck.ea arc cbancecr­

iBed by by their bigh TlWCo ratio met plotc:l_ to the Co 

pole. ACM grcyweckca arc c:hanc:teriacd by Low TW 

Co ratiOll met plot close to the Th pole. Passive lDIIIJiD 

grcywllCkca c:haracICriled by a high Zr/Tb ratio md 

plot ne. the Zr pole. 

80a- Th-Co-ZrllO Gnexwac:ke c:lwjfjcatjop; MRSbbwp 

Fcxmatiqg. Marc:hbum Formation samplca plot withia 

the Oceanic: lalmd Arc: field definocl by Bhatia (op.c:it). 

80b- Th-Co-Zill2 Grcvwacke s<l_ificadoni Aftaa 

Pormatim. Afton Formation amplca arc altewed 

towMk die b pole, aod plot within die CootincDtaI 

Ialand Arc:/P8Mivc Margin field defined by Bhatia 

(op.c:it). 

8Oc:- 1lI::Qz:loI:l12 gnemac:ks s<llIIiflCatimi BIIII<III'[li. 

£cxmatim Blac:1ccraig Formation umpIea we more 

clolely c:onatrained than the Marc:hbum AmpJca md 

plot within the Oceanic: Jaland Arc: field defined by 

Bhatia (op.c:it). 

8Od- llI-Co-Zill2 gnevwacke s<l_a-ion: Slil[ 

Farmatim Scar Formation urnplca plot within the 

Oceanic: Jaland ArG/Coatineatal Jaland Arc: fieldl 

deftned by Bhatia (op.c:it). 

81a- llI-Co-ZrLUl grevwac:ks ,I_ification: 5hinnel 

FarmatillD Shimel Formation samplel are poIitively 

IIkewed towarcll the b po\c, and plot within the 

Continental JalandAn:lP_ivcMarginfielddefinedby 

Bhatia (op.eil). 

81b- llI-Co-ZrLUl gneyllt_ ,lII!iifili.li2II: PvroXCDSIIII 

Formllim The PyroxCIIOUI Formation nmplel plot 

within the Oceanic: Jaland Arc: field deftned by Bhatia 

(op.cit). 

81c- Th-Co-Zr/12 Qn;yw_ S<I_ificatim: Intamcdi. 

£9QDIIim The Intermediate Formation Amplea plot in 

a.imil_pOIIition to the Shinncl Formation, arc skewed 

towMk the Zr pole .ad lie within the Coatinental 

lalmd An:/PMlive Margin field defined by Bhatia 

(op.c:it). 

BId- Th-eo-Zrllo GrcYWIC" cI_iflClljon; Hawick 

Fcxmaljoo The Hawick Formation nmplca arc tighdy 

c:omtrainocl end plot within the Contincmallslmd Arc: 

field defined by Bhatia (op.c:it). 

8la- Zr-W-y Gncywtcke c:lwiflCatiODi Marchbym 

FormaIjon M.c:bbulll Formation umplca define • 

bI'OIId elliptical grotIP which plot. c:Jo.c to the Zr pole 

and define a field for voJc:aaic: derived grcyweckca in 

the Southem Upl __ • 

8lb- loI:-W-y gne".,..,kll ,I_a.limi Aftaa Formalism 

Afton Formation umplca plot within a narrowellipti-

cal zone wbic:h inc:ompan.oa to die M.-c:hbum Forma-

tion plotclolerto die b pole butdiatant from the Y pole 

and definea a field for cratonic: derived grcywac:kca in 

the Southern Uplands. 

8le- loI:-ld-X gne:ar:IliB s<lwmalimi BllS<ksiw. 

fgnnatjOll BIlICkcraig Formation urnple. plot within 

.. imilar field to that of die Marc:bbuIllFormatioo, with 

a Ilight Ihitt of die ceDflr:r of the clUlter towardl the Y 

poJc. 

82d- loI:-ld-X Qn;ywlS<U liI_ifiliam SIOI[ Fonnillism 

Scar Formation nmplca plot within the cenler of the 

field originaJly defined by the Marc:hburn ForIJIIItion 

and lellily to dleir vo\c:anic: derivation. 

83a- ZI:-ld-X anemall s<lwifililtima: 5biBI Formalim 

Shinnel FOI'IJIIItion Amplel plot within the field oriai-

naJly defined by the cratonic: derived Afton Formation. 

83b- 1.1:-1.1-X anexwllliu ,I_ifiliatism· fvmUDIIIII 

Formllim VoJc:aaic: derived Pyroxenoua Formation 

umpIca plot Ilightly cJo.cr to the Y axil in comparilon 

with the Afton Fonnation within a field mOllt clolely 

~Ialed to the Marc:hbulll Formation. 

83c:- Zr-w-X aneYl!!!IIiB s<llIIifialim: ~nncdillG 

Fonnllim Cratonic: derived Inecnnecliatc ForIDIItion 
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FIGURE 81 
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FIGURE 82 
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umpIcs plot with a narrow field initially defiDod by the 

Afton Fonnatioo. 

83d- Zr-La-Y GroWJCkc CllpificatiOll; Hawick Formatjlll 

HawickFonnatiOlllllmpJes diaplay the wideatdiltribu­

tiOll and extending ful1ber away from the Zr pole thin 

any previous group. This !rend may be .,.niaUy altn'b­

ueed to the dilution effects of added carbonate upon the 

system. 

84- I eatiop map of !he Glendjnojoa area. 

TlUsdiasr- iIIutraaeB cbe.-iIion of the LouiA Mine 

_a and BGS borehole. in relation to IoeII dniuap 

and topopapby. ID • 'clition, the relative ~ilion of 

NNB IrendiDa struct ... aI IiDcameots idellllified from 

IICriaI pbotosrapbs _ "".:-impc.cd (after GaOasher 

et a1.,1983). 

8S- Mjac IICCIion of the Louisa vein. Glegliooio, South-

em Sco&1yd Cafter Djrom. 11S0l. This mine lICCtion • 

b--s upon the only available pl_ of th. de.-it 

(circa 1840) and illustrate. the fact that millinl took 

place upon four main levels and extended 300m NNB 

into the hio-ide (from the Hip Level Forehead adit). 

1M rel.ively IhaIlow lewl of excavation (-!!Om) may 

be explaiaed by the documented d.rainap problema. 

86- Detailed map of the LouiN Mine ..... 

Thill diapam defiDel the positionofBGS trawne liBel 

and boreholel in the Lou.a Mine _L (after Gallaper 

et ".,1983). Nole the position of the Powder Hut, a 

where a aocond amaUer adit/trial Will locaaecl by the 

author. 

87- GeoloU pi togo .... y of the GJeodioojDl Mjpp 

AIH This diagram shows the distribution of antimony 

in IhaIlow overburden Ample. defmcd by the BGS 

study. Nole the two parallel anomaly zonea defined by 

N-S and NNE-SSW trending 40ppm contour zonea 

(from Gallaper et aI 1983). 

88- Hypothetical E-W JrendjoUcctjon tbroulh the Gleod­

jogipl delPO!ljL This diasram presents a pnerali-t 

clOlllsection through the Glendinning deposit defining 

the approximate dimensions of the alteration zone/pipe 

(.tippled) and anuumosinl network of mineraliaed 

89-

veina and breccia (black). 

Summery of FocbGmjcal pet tdciitiCl!lIlJd dcPletiCl!l 

wjthin the waUrocb adiPQl to gull1z-.tibnite yeia 

mjppraljyljon atGJendjnojOI. This diagram illustrate. 

the major, miDor and trace element enrichments and 

depletiOlll usocilted with the alteration a' Glendin­

ninl' 1M lar. UI'OWII indicate the direction of move­

ment of the pervlllive hydrolhennal nuid and IOluble 

reactants, wherea the smaller arrowa indicate the di­

rection of movement of the reEted produeta. 

908· Locatiop my of the Bam. Qeycb Area and agjl 

HQlPIiOI pid <Grid I). Thil2OOxlOOm lOiI umplm, 

arid eaciolel Thorny Cleucb, a minor tributary of 

Rama Cleucb. on the north wutem flank of 

Commoabne Hill. 

9()b... LocIlj!llIllM! of the Swin Gj!! Area lAd lOilymlZtiDl 

ar:id..al. nu. 3OOxSOOm soil Amplinl grid occurs 

within the bc.twalcrsofSwinGill on the lOUth _stern 

f1aa1t of CraiIY Blip. Note that both pidI_ orien 

tlted wiab respect to the national pid and the B-W trend 

of the trawne line •• 

91- S"DIZJe sjIC !ocatiCl!l wiJbin the Rem' CJeuch SOU Qrid 

(200 x 200m) 1bIa diaaram ilIuatrate. the location, 

Ample density and relative position of lOil umplea 

collected withia the Rama Cleucb grid (cell lizc 

I Ox21lm). 

92· SlIDplC IjIC loclljoga Mabin !he Swin Qj!! Soil Grid 

(300 x sOOm) Thi. diaaram iIIustralea the location. 

Ample donaity and relative position of IOU I ... PJes 

collected within the Swin Gill arid (celllizc IOxSOm). 

93a- Rama CJeycb Soil GeocbemjaJry M.,.; SiO
l 
(5) 

Si displays a hiahly erratic distribution in comp';l011 

with an other elements with a maxima (71.s%) located 

in the north-western comer of the lrid _a. 1M zones 

-. c c,,:: of. Al-Sb- mineralisation defiood by thia study (­

below) _ not identified by Si values and lie within a 

broad tract of the arid defined by the <SO percentile 

thre.oold (clear). Detaill of the contour levels for both 

the Swin GilllOd R_ Cleuch geochemicallrids _ 

presented in tlbJe 1.42. 
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93b- Rama Cleucb SojI Goo9'mi!drv Mtpa; ~Q, ('il 

AI val_ 6play • broId correlaaioa with AI. and 

def"me l1li envelope to the main NNB trendin, M-Sb 

1tnICtu~ ~the weatembalfofthe nrvey pid. 

The MICODd Aa-Sb 8tnIctIIre is identified by AI val_ 

but, to • _ 6mi1ed cxtut. 

93c- Bem' Clegch Sou Oroclmpjtlry M ... • fesQ, (Iz) 

Fe valuea (mIlK 11.69") clearly oudine the IocMion of 

the two main Aa-Sb _Iiea. 10 IIdditioa, • third Fe 

_Iy is defined lyiDa parallel to but be'- the 

main NNB treodinl _. Tbi. third zone -*1y 

correia .. with AI, Na, AI., Sb. Zn and Sr. 

93c1- Rama Cleucb Sou Go-njM Mgt; MaO (5) 

Ms valuea (max 4.00CJz) cIemonatrate • clear in_ 

~1.tiOD8hip with both AI. and Sb widt Ms clepletiOll 

'bolea' envelopin,lIRI_ of maxim_ concentration. 

Hish Mlleve" Iocaed in the 1IppCF centnl portion of 

the arid and spatially carre'" with AI, Na, B. and S. 

93e- Rams Cleuc;h Soil Gsqchgnjltry Me' NAaQ (5) 

N. values (mu: 1.02", min 0.2.5") cl_ly foUow the 

trenda identirJeCI by M, and defille • clear invene 

~1atiOD8hip wiIb AI., Sb and other mineralisation RI­

lated elementl. A 1OCIi_ depletion envelope .ur­

rounda both the main and aeconcIary AI.-Sb _lies. 

93f- Rams Cinch SoU QmsImjltry Mg' KJ> (5) 

K values (max ".K) appev cloeely ~laIod to AI but 

providea Iiule ~1ati0ll with the .ulpbide JfOUP ele­

mentl (Fe-Al.-Sb-Cu-Pb-Zn-TI). 

93,- Barna Cleych SoU Gopchgnjllrv Mg; AI. Cpgu) 

Thia di ..... proviclca clear evidence of. major NNB 

trendina. AI.-bellrin, linear IlrUctun= CI'OIICuttin, the 

central portion of Ihe picllIRIL This zone (mIlK 27ppm) 

fonna an envelope to. similar Sbenrichecf zone and is 

inlC~ted in ICrma of wallrock hoeted di_minated 

aracnopyrilC marlinal to .alillllilll bearina. quartz vein 

Iysaem. A ICcond, ~Iatively minor zone is def"mcd in 

!he eulDrD mqin oflhe arid conupondinl to ,ipol­

cant Sb valuea. 

93h- BNQI Qeuch SoU Goocbemiatry Maps; Sb (ppm) 

Sb value. (mu: lOppm) cl_1y follow Ihe wilda de-

Icribocl previoualy for A. •• Ithoup individu.1 zonea 

appearrelative COIIItrained in c:omp.n.on to their _­

Die: counterparta. A Ibircl parallellDOlllaly zone, previ­

oualy defiDcd by Fe values is hiahlilhled by elev.ted 

Sb IeveIL 

!Ua- B., CJeucb Soil Geoc1M;mjllrv M.,.; Cu (pgn) 

Cu val_ (mIlK 56ppm) define nnda which cloaely 

mimic thole of Aa-Sb and n=11Ied elementa. The two 

main linear fellUre defined by A. anomaIiea 

enn.ctin,1he ariel -- is clearly identified by Cu, as 

is the more weakly developecl dtild zone parallel to, but 

8OpII'8tin,Ihe other two. 

94b- BNN CIeucb Soil GeCFbsmjatry M .. ; Ph (pgn) 

94c-

Pb val_ (mIlK 101ppm) IIRI atronaly com:l.ted wilb 

A. value. wilh their reapective toil mapa beinl virtu­

ally idenlical.Pbval_alaocorrelalC_UwithSb.Cu, 

Zo,Sr.n. 

Bem' Cleuch Soil Geoc ....... jllnr Mw; Zp (II1II) 

Zp val_ (mIlK 134ppm) follow lite ... ral wilda 

ideDlified by bochAl. and Sb, ho_ver they _lea well 

COIIIIrained then their reapcctive hue metal counter­

p.u(Pb-Cu). 

94d- INN (]PUcb Soil Qsg;bppjllrJ Maps; Ba (II1II) 

The distribution of Ba value. (IDU 551 ppm) i. CODIid­

erably .implified in compari_ with mwt other ele­

me ..... and dem- a ainale NNB treadinllioear featun: 

wbic:b broedeaa in the upper plrt of the arid areL Thil 

featu~ followa Ihe ,",ncral wnd of Ihe main Aa-Sb 

Iiocar, however it occun 011 the eUICm lMIJiD of Ibit 

zone (the footwall). 

940- RNN C1eucb Soil QepcbemWry Mm' S (ppp) 

S val_ (mIlK 3382ppm) are notable for lheir lheir lack 

of cohe~nce with the main _ of Aa-Sbenricbment. 

Only the ~ mOllICCtioo Ihe the main A. an0m­

aly (>95") is identified by 1liiy form of lulpbar enrich­

ment. B1aewhe~. wilhin lite picI area .ulphur anome­

liel form peripheral to zonea 01 Sb enricbmenL In 

.-raI. .ulphur conelalC. __ Iy wiIh Fe only and 

may be atlribulod 10 Ihe IIftIlCIIOC of .yndiapnetic 

pyrilll. 
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94f- H"", CJeucb Soil Geochemjatry M"i Sr (RI!ID) 95f- H"", CJeuch Soil Geoebemjatry M .. · Bilen Vcctor-

The distn'butioa ofSrvaluea (max 144ppm) withiD this 1 Contouredeiaenvaluea foreigen vector 3 c~l_ 

grid cloaely follow tboae of As. The cenlrellllCl_tb- with die maill Ba-Zn-Pb-Ni-Sr _Iy tnne! on the 

em tections of the main linear _Iy me clewly e .. lllm flank of die main As-Sb _Iy. 

outlined by Srveluea .. is the loeationofthe aecoacIand 

third anomaly zoaea. The more variable nature of the 96- liD OiD mil ~.milll:X M ... 

eutcm _gin of iDdividuelaoomaUeI may be aarib- The follona 21 'JfCY-ICale' contour m.- pretent 

uted to the effects of do_lope diapenion. die results of a soil geochemieal.tudy underta1ten ill the 

beadwallln of Swill GiD, 4km _t of the GlendiDnina 

94&- S"", CmlSlb SRil Geochemilll:X Mlllli BIz (-1 deposit (Pia. gob). Thil.tudy 'III" underta1ten in order 

Rb veluCi (max 162ppm) me CODIiderably more elrlilie to evalu_ stream Mdiment and bedrock geochemical 

than thoae of Sr, and ill FneraJme inveraely correlated Aa-Sb lIPOIDaliel. A soil grid approllimallely four times 

to both As and Sb. the allent of the Rams Cleucb arid 'III" laid out and 

umpled. Contour levels _re telecled on a percentile 

94h- SIIIII CaIHib Sml Geochemm M .. i D (Rl!lDl buiaofeach population and me p_nted in table I A2. 

The distribution of biJbly anoma1ous n valuea (- The resultina poc:hcmica1 IDIIIM dof'lDC a far more 

17ppm)cloaelycorrelale with the main linear Aunom- complell pattem than the R_ C1euch study. Two 

aly. n- veluea me elso correlated with As and Pb, orientstiCIIII of geochemical anomaliea occur within 

and to a 1eaaer alllnt Cu, ZD and Sr. this Jrid, namely NNB-SSW (9Itructurel) IIICINW-SB 

(4 structures). Thete Fochemical_ly zone. may 

95a- B"", Cleucb S2i1 ~Sllihemisll:X M"i a. (-1 be arouped into 13 main Itruat_ or chemical line-

Ga valuea (max 27ppm) me weakly enriched in the amenta (numbered 1-13) located in fia.99 with their 

.outh c .. llem quadrant of !he aoil grid IIICI mirror the respective chemical aaociatiom documented in table 

anomaly trends delineated by AI, Ie. Rb and V. 1.69. 

95b- B"", Cleuch SRii ~ochemistrv M"i C5I (lIIIIDl 96a- li~iII gill SRii Cieocb;milll:X Mapsi liiQ, 'Ill 
Co values (mall 88ppm) _ enriched in the _them Si values (Mall 69.31") _ identified in lIPOIDaly 

half of the grid area, particulwly in the vicinity of the zones I, 2, 3,6,8,9 and 11. 

linear Itructures defined by As-Sb 1IIOIIIa1iea. 

96b- li:rr:iII gill SRi! GeocbmiIII:X MaRli Al,Q, (Ill 

95c:- BIIDI CkIUCb Sgil Geocb;miItrv MlRli Hi (a-l AI values (mu: 21.02.,) are identified ill lIPOIDaly 

Ni veluCl(mu I 21 ppm) define a broad NNBtreadins zones 2, 3, 5, 6, 9 and 11. 

anomaly which croacuts the central portiClll of the soil 

grid. This linear zone follo_ the trend defined by Ba, 96c- S~iII gill SRil GeochemillrX M •• i MIQ (Ill 

formins an eullem marpa to the As-Sb anomaly. MS values (mall 4.18") _ identified ill anomaly 

zones 2, 3, 5, 7 and 9. 

9Sd- Rams Calla Sgil GeochemilSa: MII!Ii v (RRlDl 

V values (mu 183ppm) are irresularly distributDd 96d- S:rr:iD gill SRi! Geocb;milll:X MaDlli Fe.O~ 

compared to with the mineralisation relalled elements Fe values (mall 14.38") are identified in anomaly 

(As-Sb-Cu-Pb-ZD-TI) but cloaely foUaw the tnods zones 3, 5, 6 and 12 . 

. «f"med by AI-K-Rb-GL 

960- li:rr:iII ailllillil ~Sllil5milll:X M"i ~O 'Ill 

95e- RIIIII ~udl SRii Geoc ....... m M ... : Eiaa Vl!I<tor- K values (mu 4.11") are identified in anomaly zone. 

1 Contoured ciaenvalUCI for eisen vector 2 c:orrelalle 2, 3, S, 6, 8, II and 12. 

with the two main As-Sb anomalies and the Na 

depletion 'bole'. 
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96f- Swin om Soil Cjegpbmai""Y M .. i NaP <51 

Na val_ (mu: 1.21 .. ) _ identif"JOCI iD lIlOIDaIy ZOIIeI 

2,6,9and 10.In.Jdition,Nadepletion(mino.26 .. ) is 

identifiecI iD _ 1,3,4,5, II and 12. 

96&- SwiD om SoU Genqhpnistry Mawi AI lpga) 

Blevaled AI valuea (mu: 6Sppm) _ identif"JOCI in 

anomaly _ I, 2, 3, 4, 5, 6, 8, 10 and II. W'1thin Ihia 

_a four dialiuct pocbemicaI ..acialiom are de­

fiDed. inclucliDa: AI Only (Anomaly 1); Aa+Pb+S 

(Anomaly 4); Aa+Cu+Pb+Zn+Ba (Anomaly 5 and 8); 

and Ju.+Sb+Pb+Zn+Ba (ADomaly 2, 3 and 6). 

96b- Swjo Gig Soil Gcgc_jatry Mp; Sb (ppp) 

Sbval_(mu: 34ppm) are ideneified inanomaly __ 

2, 3, 6, 12 and 13 IMd exhibits a relatively reatricted 

dispersion in c:ompu;.oa with AI. Wilbin the &rid _a 

three diatinct pocbcmical aaociatioM _ defined, 

incl.dinl; Sb+Ca only (anomaly 13); 

Sb+Cu+K+Rb+Sr+Fe+Na (-w:) (momaly 12); and 

Sb+AI+Cu+Pb+Zn+Ba (.-aIy 2, 3 I0Il 6). The 

division of AI and Sb values in __ p1B of the arid 

into aepu1dc AI only and Sb only _ is .. enipna 

not ptaenl in either the OlendinninS or R-. Cleac:b 

_u, and mer .... furtber evaluadoo. 

97a- Swin om Soil Geocbemjttrv Mapa; Oa (ppp) 

Cu valuea (mu: 68ppm) are ideutified in anomaly 

zones 3, 5, 6, 7,8,12 and 13. 

97b- Swin OiD Soil 'k9sbsmi"'Y MuMi AI (pg:pl 

Ph values (mu: 122ppm) _ identified in anomaly 

zones 3, 4, 5, 6,8,10 IIId 11. 

97c- Swig OiD Soil Geochemistry MuMi Zn (pppl 

Zn values (mu: 2S4ppm) are identified in anomaly 

zones 2, 3,5, 7, 9111d 10. 

97d- Swip OJ!! Soil Geochemillry Magi Bilpgal 

Ba val_ (mu: IS6Ippm) are idedified in IIlOIDIIy 

zones 2. 3, 5, 6,7,8,9,10 and II. 

97e- Swjn OiD Soil Geoc_1en Ma' S lpga) 

S valuea (mu: S312ppm) are identified in anomaly 

zonea 2, 3,4,6, 7111d 10. 

97f- Swin OJ!! Soil Geochemjslry MlIlSi Sr (PlIO) 

Sr "a1_ (mu: J 83ppm) are identified in anomlly 

_1,3,5,6,8,9,10, IIIIId 12. 

97b- Swin OJ!! Soil Gcgcbcmjatry M",iA&IN1 

B1evllIIId A./Na values are identified in anomlly zonea 

1,2, 3, 5, 6 and II. 

98a- Swin OiP Soil Oeocbsmglry MIll" Y (ppm) 

V "Ilues (mu: 141ppm) are identirJed in anomlly 

__ 2, 3, 5,6,8, 9111d 12. 

98b- Swin OJ!! Soil Geoc;hpqtillry MImi Co (ppm) 

Co val_ (mu: 3SOpp ':I) _ identified in anomaly 

_2,3,S,7,8,9mI12. 

98c- Swin OJ!! Soil Geocbqnjetry MIIWi Ni (ppm) 

Ni val_ (mu: 8Sppm) are identified in anomaly Zonel 

2,3,!I, 7,8 and II. 

98d- Swjo OJ!! Soil Geocbomi'lry Mlw; Hipn \'ector·2 

Contowecl eipnvaluea for eiFn vector 3 correlate 

with IIIomIliea 1,2, 3, .. ,5,6,8,10 and 12. 

980- Swig OJ!! Soil GeocbomWry Mil!!' Hipn Vector-3 

Contowecl eipnvaluel for ciFn vector 3 corrcille 

with the anomaIiea 2, 3, 6 and 12 only. 

99 - Swjp OiP Ccngzotj5 Soil Anomaly trends; SummlQ' 

lb. diapam lununariael the localiOll8 of the thirteen 

COIIIpOIRe Focbemical ItrUcturel (anomaly zones) 

identified by ahallow BOil Focbemiatry within the 

Swin Oilliurvey arid. Por the identification of individ­

all elemeolll with respect to ... Itructurea refer to the 

above diaJI'IID or table 1.69. 

1001- X-Ray Diffucljon SadYi oleodinniP. Ogywacb 

CCXDISOQl lbisdillf'lllldilpilyathe XRDpltlemof 

a peywac:b whole rock I&RIpIe (CXDISOO) from 

Olendinnin.llcnbole 3 (deplb 61.92-62.00m). Bach 

of the importMtpeab is identified by a key, u follOWl: 

C-OtIori5; M- Mica (illite); Q -Quuu.; D-Dolomite; 

PI - P1asiocl_: Py - Pyrite; K - Klolinite Group 

(dickite); and Si - Siderile. n.c relults of aacmiquanli 

..live whole rock and c1IY fraction analYI'" for this 

I&RIpIe together wilb CXD ISS I, CXD 1552 and CXD 
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2001 ue preeentecl in table 1.01. 

loob- X-Ray Diffrw:tjoa Study· G!eglinniPI Mudltone 

cexn1S521 This diaar- displays the XR.D paltcm 

of alllUCktone whole rock aampIe (CXD 1S52) from 

Glendinning borehole 3 (depth 16S.40-16S.55m). 

lOla- X-Ray Djfl'ractjog Study; G!eglinnipi GreywlCke 

<em I "I) Thisdi.,ramdilplaya the XRD pattem of 

a graywlCke whole rock umple (CXD 1551) from 

Glendianing borehole 3 (depth 126.60-1 26.66m). 

101b- X-Ray Diffqctjop SI!ldy: G!epdinpiPI Muclaloge 

CCXD2OQ1l This di.,ramdisplaya the XRD pattem·f 

a madatooe whole rock umple (CXD 7D(1) from 

Glendinning borehole 3 (depth 79.38-79.42). 

lOla- X-Ray Diffnctioo SI!!dy; Clay FrlCtjoo CemI5OO) 

This diasnm dilplays the XR.D pahem of a graywacke 

<2 micron clay fnc:tioo aample (CXD 15(0) from 

Glendinning borehole 3 (depth 61.92-62.QOm). 

102&- X-RayDjffractjonSI!!dy; CluFrtctjon(CXPI552) 

ThisdiagnmdisplayatheXR.Dpatt.cmofamudstonc 

<2 micron clay frICtion aamplc (CXD 1552) from 

Glendinnina borehole 3 (depth 16S.40-I65.5Sm). 

103a- X-Ray Diffrtcljon Study; gay Fpctioo (CXPI sm 
This diagram dilplaYI the XlW palfem of a pey. 

WICke <2 micron clay fraction Ample (CXD 1551) 

from Glendinning borehole 3 (depth 126.60-

1l6.66m). 

103a- X-Ray DjfJgcIjop SI!!dy; au Frtctjon CCXP200I) 

This diagnundisplsys the XRD paaem of a mudstone 

<2 micron clay &action IIIDJ)Ie (CXD 7DOl) from 

Glendinning borehole 3 (depth 79.38-79.42m). 

104- X-Ray Diffnction Study; Alunite. Kaolinite and 

JliWm This diagrun dilplaya the standard XlW 

.,...,. of aluoille (RI(;4-865); kaolinite (ref:29-

1488) and Dickite (Rlf: 10- 446) ulled for comp .... • 

tiw: purpcael to evaluate the mineralogical c:ompos. 

ilion of greywsekea. mudllonea and mineral concen­

!rateS from the Glendinningcleposit and ebewbeRl in 

the Southem UpllnCls. 

IOS- X·Ray DjffrlCJjoo Study ; Galea Anepopyrite. 

Stibnite. Pyrite mvepill! and chalcopyrite 

Thia diagram display. the standard XR.D patteml of 

Galena (Rlf:5-592); lrIIeIIopyrite (Rlf:I4-218); llib­

nite (Rlf: 6- 474); Pyrite (ref:6-7 10) marcuite (ref:3-

799) and chalcopyrite (ref:25-288) used for com. 

p .... tive purpwel to detennine the compolition of 

mineral concentntea from the Glendinnin8 depolit 

and elaewbere ill the Southem Uplmda. 

106- X-Ray DjfJpctjoo Study; Ietrabedrjte tcooantite. 

iamelODjte. pyubotiJE II!d sphalerite 

Thia diagram display. the ItMdard XR.D patteml of 

tetrabedrite (ref:24-1318); lamelonitc (13-461); Ten 

nantille (11-102); Pynhotitc (m 20-5 34 and 29-724) 

and lJIhaierite (ref:5-566) used for comp .... tive 

purposea to determine the composition of mineral 

c:onccntratel from the Glendinning depolit and elle 

where in the Southem UpllnCls. 

107- X·Ray Djffpclioo SIMdy; Zjpckenjte. SelDlCyilC 

and fv!omtjte 

This diagram diaplays the stMdard XRD patleml of 

zinckenite (Rlf:7-334); IClIIIICyitc (ref:22-113O) and 

fvloppite (ref:22-648) used for comparative pur. 

pmel to determine the compolition of mineral con· 

centralc8 from the Glendinning deposit. 

108- X·Ray Djflpctjop Study; Anenic. IQtjmopy. lold I: 

JBm.IlIX 

This diagr_ displaya the ItMdard XRD patterns of 

gendorffite (ref: 12-705); native arsenic: (ref:5-632); 

native antimony (Rlf:S-562); Gold (Rlf:4-784) and 

mercury (ref: 17-863 and 9-253) used to determine 

the composition of mineral concentnte. from the 

Glendinnillg cJcpo.it. 

109- Anen0J2yriJe GeOShe!1llOlDeJ[y; Uniy.iant tempera­

ture-1ulpbur activity dillAIP (after blebm., and 

Scott 1976) Plot of the .ulphur .ctivity·tcnperllure 

projection of buffered _mblapI involvinS ane· 

nopyrite in the Ec·As-S Iystem (after Bartoo. 1 969; 

ScoUand Barnes. 1971). The stability flCJcIa of 

arsenopyrite are contoured in atomic" arsenic (after 

KrelehmK and Scott, 1976) and form the basis of the 

arsenopyrite pothennometer. 
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FIGURE 100 
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FIGURE 101 
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FIGURE 102 
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FIGURE 103 
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Araenooyrile Geotbsrmomelryi UviurilD& !gnp;n-

IUre-Sb wr& elialflll! <after GlIDYlDin 1976) 

This diagJ'lIl'l preIIODtaan additionalpodle_eer 

b.-l upon !he level of antimony IUbstitutiOO in 

ancnopyrite, u deacribed by GamylDin (1976). 

Note the senecal lubstitution line (1"'c-20 db wr& 

+ 255) anderrOl'bU'l(:tIO"C). ADaJYKlofll'lCoopy­

rites from the Southern Uplands plot within the 

shaded field on thil diagram within a 2S5-28O"C 

(:tIO"C)temperat1R ranse.luoppoaition to the trend 

identif'1Cd by aneoopyrite FCJChermomeIry (_ be­

low) iDvolving the cIecre_ of formation taapera­

lure wich Sb IUbstitution, chil diagram infen a rela­

tive increue in formation tempenture with increu­

ing Sb content. 

AncDOQYriIe Geothe!'lDCllle!ry; Atomjc'& MeDic -

~ 

Tbia diap'am wu geoeRled uling data provided by 

Kretchmar and Scott (1976) and extrapolated in the 

low tempenture field following the procodurea iden­

tified by Stanley (1983). The stippled area on this 

diap'am deflllCllhe compositional field for the coex­

isting uaemblase pyrite - U'ICIIOpyrite and i. used 

within chis ltudy to provide tempentun: constrainta 

upon aneoopyrite deposita in the Southern Uplands. 

AmPopvrite Geodaenpomelry· A!gDjc '& Aqenic -

Sulphur ICtjyjty dillAP' 

This diap'am wu alao seocneed ning data providod 

by KJetcbmar IUd Scott (1976) aocI extrapolated in 

the low tempenblre field following the procedurea 

identified by Stanley(1983). The stippled area on this 

diap'am clerUICI the compositional field for the coex­

isting uaembllse pyrite - anenopyrite and is ulled 

within chisltudy to provide constn.inta upon lulphur 

activity during the formation of anenopyritedeposiLs 

in the Southern Uplands. 

QJeodjnnjna Stratiform Pyrite Microchemical MIp­

pinaatudy 

Thil dialVlDl prt:sentlaseries of' grey-acale' contour 

maps detailing the reaulta of a micro-seomemical 

investigation of the tnce e1ementcontent of synsedi­

mentary framboiclal pyrite c1usterand accompanying 

authigenic I episenetic overgrowths usocialed with 

114-

minenlisatioo. Microprobe analYlis were under­

laken usin.a20micron p'icllpacing (0-174) within 

a 250x250 micron Jrid. 'The reaulta of this study an: 

preaenled in table 4.19 together with lummary statis­

tics in table 2.19. SulphurvalueliUuarate aconcen­

tric Itructure defining the approximate extent of n:lic 

fnmboiclal pyrite. 1bia cluster il CI'OIIC:ut by aseriel 

of fractures the IIICKt notable of which virtually IUb­

divides the IP"in into two halves. This fractun: is 

infilled by Mlthisenic pyrite exhibiting a low .ulphur 

and hip nee eiemenlCOPlcnt normally attribulied to 

the eubDdral opiselK.tic overgrowth. Given the in­

_ relationahip between Fe and S in the fCll'mula 

ca1clllationl fOl' py ;te (Fe+S-2 and Fei8-I:I) the 

contour plot of Fe 'aluel limply presents an invellC 

of the S diapm and .,. ~ucb, in order to aid ineerpn:­

tation the Fe plotwu omitted. Antimony (Sb) valuea 

clearly CCII'reI_ wich are. of low IUlphur content, 

peripheral to the framboidal pyrite body and a1ao 

occupy the Cl'OlllCutDng fracture zone in the centre of 

the cliaJRID. Thill trend is .ain apparent in a review 

of the gold geoc:hemistry with only minOl' enrich­

ments auoc:istod with the fractun: zone, the major 

area of gold enrichment il concentralied in the 

DCII'theastem comer of the grid. Mercury is domi­

nantly concentrated in the peripherll zone of !he 

crystallnd given the relatively low content in the 

fracture zone, may have been deposited marginally 

taler than Sb. c.dmium followa a limilar tend to Sb 

and is concentrated both marginally and wichin the 

cl'OlllC1It1ing &acture zone. 

QlendipnjAl Aneno5IYrite <ASPI) Microchemical 

M'llRioa StwljeL 

This diagram pn:IICDII a series of grey-_Ie contour 

mlpl detailing the re.ulLs of a micro-seoc:bemica1 

invOitigation of the major and tnce element content 

of breccia hosted anenopyrite from the Glendinning 

deposit. Microchemical analyses were unclertaken 

over ~ of a1bombic shaped II'ICnopyrite cryltaJ 

(11IOx60miel'OPl incl'llla-aection) u.ing a 10 micron 

analysis grid ("",72). The relulta of this ltudy are 

preaemcd in table 4.0 I together wich lummary statist­

ics in table 2.0 I. Grid sizes, coordinatel and mapping 

boundaries fOl' all microchemical studics an: pre­

sented in table 1.15 and 1.50. 
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ANTIMONY SUBSTITUTION IN 
ARSENOPYRITE: A GEOTHERMOMETER_ 

(Gamyanin,1978) 
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FIGURE 112 
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Glendinning Stratiform Pyrite: Major and Trace Element Geochemistry. 
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FIGURE 114 
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The 8tOmic fJoFe in _nopyriIe (FefJoAapy) plot 

illustrates a relatiwly ..,aradic distributioo (DOte that 

Fe valuea (ranp: 32.8!1-33.60 ALU) eKhibit mini­

mal variation with reapec:t to either A. 01' S). The 

atomic: fJoA. in anenopyrite (A.fJoAspy) p10texhibilB 

clear evidence for anA. enricbod marsin(mu: 31.97 

aLfJoA.) aaddepletedc:ore (min: rT.93 at.fJoA.) 10 the 

crystal. The atomic U in _nopyrde (SfJo Aspy) 

plot dispiaYI a relatively enriched core zooe (mu: 

38.38) and depleted marlin (min: 34.74) a trend 

iuva.ly related to that or _ic. Au valuea (mu: 

ISOOppm)iudic:ateaprefereatialCDrichmentiu_ 

of low lrICIIiclbip IUlphur valuea within the c:ryltal 

core and iIIultrUe an iDvCl'lle relatiODlbip with _­

nic COOCCIIIr.uoa. Sb val!lel are ootabIy eDric:hcd 

within the cryataI CClI'C (mu: 74OOppm) mel exhibit a 

marbcl c:ooceatric zODIdoa parallel to c:ryltal mar­

gina. Sb ia poaitively com:laeed with IIlIphur and 

iuv_ly correilled with U'IICIlic val-. Ni vaI_ 

(max: 17OOppm) follow Ihe trendl ident- Bled by 

both Au and Sb aod are c:ooc:eatraaed in low anenicI 

high lalphur ZODCI within Ihe core of the cryataI. It 

mould be noted however that the paat conc:entra­

tiOll of both Ni IIld "Au coincide within thiI zone, and 

are located marpal to the hi8heltSbconc:entrationa. 

Ha valuea (mu: S2OOppm) follow the trendI ideati­

fiedby Ni and Au, and form a peripheral zone lOareu 

ofhighelt Sb CCllltenL With reference to the _DO­
pyrite pothermometer of Kretcbmar and Scott 

(1976) both the lemperature and lulphur activity 

during Ihe period of c:ryItaI formatioa may be 0b­

tained (fip 109, III and 112). Thilltvdy indicate. 

that crystal'" intensely zoned and .. IlUCh the vari­

ation iD A. content may be uedlO infer Ihe presence 

of a low temperature CClI'C and relatiw:ly high tem­

perature IIIIIIJia. Io detail, depoaitioa took pha over 

a wide ranp or IempCraturea (240-35O"C) with • 

pater portioa of valuea coafined 10 a 290-33O"C 

ranse. Sulphur activity (aSz) ia aIBo lower in the 

cryltalcore (Io-M to 10-") than the margin 10-" to 10-

.) .mil avenae "aI_ iD the 10-" to 10-7 field. The-­

antimony substitution geotbermometer defined by 

GamYlDin (1978) displayed in fig. 110 may be .-d 

10 infer cIcpoaition temperatures in the ranp 2SS-

27O"C (:i: I 0") with the Sb rich core zones deposited at 

slightly elevated valuea to lheir rim zones. 

115- Glendiooin. Arwogyrite (ASPl) Microchemjcal 

MlIIIZiaa Studs. 

This diagnm preac:nIB a acric8 of pcy-acale conIoUr 

mapa of the major aad Irace element conlent of 

breccia boated _nopyrite from the Glendinnina 

dcpoait. Microchemical_lyacs (_25) were under­

taken ow:r a _II, rhombic a1a~ .--opyrite 

cryatal (<4Ox2D mic:rona in crou- acction) using a 10 

micron _Iy .... grid. The reaulta of this study to­

gether with a aatiatic:al summary, grid IDle., coordi­

nates and mapping boundaries are preacntcd in tablell 

4.02 and 2.02, 1.1 S aad 1.50 reapectiwly. The atomic 

fJoFe in anenopyrite (Fe'loAspy) plot illustrates a 

relatiwly COIICCn1ric dilllribution wilb .. eDric:hed 

margin (mu: 33.90 at. fJo Fe) and depleted core (min: 

32.14 at.fJo Fe). Note that the range of FefJoAapy 

valuea is coaaiderably lower ibID that of A. or S. The 

atomic fJoA. in _nopyritle (AafJoAapy) plotelthibita 

.imilar trencla 10 Fe and providel clear evidence for 

As enric:hDd _Ii .. (mu: and core depletion. The 

atomic U iu _nopyrite (SfJoAapy) plotdiaplaya a 

IIrongly enriched CClI'C zone (max: 38.60 at. fJo S) and 

clepletlecl margin (34.90 aL fJo S) a trend inwraely 

related to that of _Ric. Au values (mu: 1200 ppm) 

iDdicsle a preferential enrichment in are .. of low 

_DicJhigh sulphur values within the core of the 

crystal IIld iIIullrate a ItroIlg positive correlation 

with IUlphur cOllCCntration. Sb valvea are notably 

enriched (mu: 41 OOppm) within the crystal core and 

exhibit a mll'ked poaitive correlation with lIulphur 

and inva. correlation with A. valvea. Ha valuea 

(mu: 10,sooppm)diaplay liule syatemllic variation 

with reapec:t to either A. or S. Ni value. (mu: 

700ppm) are relativclyenriched within the core of the 

c:ryItaI and follow the trendI identified by both Au 

and Sb. With reference 10 the anenopyrile geother­

InOIIII:tcr of Kre&chmar and Scott (1976) both the 

temperature and sulphur activity during cryatal for­

malionmaybeobtained(figsl09,111 and 112). This 

atvdy indicates that the cryatal ill 51rOngly zoned and 

_ u alICia,. the v .... tion in A. conlent may be ueed 10 

infer the preaenc:e of. low temperature core and 

relatiw:1y high Icmpcrature rim zone. In detail, depo­

aition took place over a wide temperature range: with 

average values confmed to a 28~3SO"C range. Sul­

phur activity (aSz> is aIao lower in the crystal core (10" 
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.. to 10-11
) than the _gin 10-11 to 10-) willa average 

valuea in the 10-11 to 1(t1 field. lbe antimony subm­

tution FoIbermometerddiDed by Gmlyanin (1978) 

displayed in fiS' 110 may be l.-t to iDkr cicpoaitioo 

temperaturea in the ransc 2S5-263"C (:t10"). 

116- Glepdjmin, Aqepopyrjte (ASPS) Mjcrpcbmnjcal 

MappjDl Stud. 

Thia diapam pnIIICIIts a Kne. of py-acale contour 

maps of the major aad Irace element cOlleent of 

wallroclt hoatcd _nopyrite from the Glendinning 

depoait. MicrocbemicaI aaaIy_ were undertahn 

upon a rhombic IbIpCd _nopyrite aystaI (250 

microDa in widIh) uains a 5 microa aamplins p 
(_323). lbe raults aT cbia IICIIdy are praeated in 

table 4.05 toscther with summary atatialica. paille, 

coordiData aadmappias bouadariesare pteaeatecl in 

table 2.05, 1.15 and 1.50, respectively. The atomic 

~Fe in ~yritc ~A.py) plot i11l11hta a 

relatively ayaIemllic clialributioo with val_ COIl­

c:caInIed in the marp. aT the cryalal (max: 29.40 

at. .. Fe). NOie IhIt Fe val_ exhibit minimal vari­

ation with Iapect to either Aa or S. The atomic ~Aa 

in anenopyrite (Aa~ Aapy) plot exhibits clear evi­

dence for prefen:atial Aa enrichment ia the crystal 

marp. (mu: 33.28 aL'II Aa) aad depletioo (min: 

26.2S at.~ Aa) in Ibc crystal core. 'The atomic ~ in 

-..opyrite (S~Aapy) plot displays an antipalbctic 

relatioolbip with _Die, illaatratcd by a relatively 

enriched core zone (max: 41.23 at. ~ S) and depleted 

-sin (min: 33.44 at.~ S). Sb valuea (mu: 

73OOppm) are noeably enriched willain the crystal 

core and exhibit altrOlll c:oacenlric zonatioo paraUcI 

to the cryataI marain. Sb • pcIIIitively correlated with 

S and invenely correlatcd with Aa v.J ... Au values 

«3OOOppm) indicate a pref~ enrichment in 

areas of low ar.enic/bigh sulphur values and illus­

trate an invenc relatioolbip with ancaic COIICCntra­

tioo. The toIaI Au plot i11111lr111cs the relatively fill­

dom distribution of gold val_ inexc:eas of3OOOppm 

(lItu:29OOC)ppm) -lJINted as IlUb-microec:opic 

incluaiona of native pld. Ha valuea (max: 8SOOppm) 

follow the IreIIda ideatificcI by Au,. form a periph­

eral zone to .as of hipe.t Sb c:ontenL Ni values 

(max: 13OOOppm) follow the IreadI identified by 

both Au and Sb and are cooc:caInIed in low _nic/ 

hiSh sulphur z_ within the con: of the crystal. 

Wilb refen:nce to the _aopyrite seolbermometer 

of Kretchmar and Scou (1976) both the temperature 

aad aulphur activity durinS the period of crystal 

formatiOll may be obtained (fip 109, III and 112). 

This Itudy indicatca that crystal ia intenacl y zoned 

and that the variation in Aa cOlltent may be used to 

infer the presence of a low temperature core and 

relati vely biSb temperature rim. In detail, depositiOll 

took place over a wide temperatun: tanSC with aver­

a. values confined to the 270-370"C ranse. Sulphur 

activity (aS2) is allO lo_r in the crystal COR (I(t'· to 

10-",) than the _gin 1(t1O to 10"6) with averase 

values in the l(tu to 10" field. The antimony subai­

tution F0thermometerdefined by Gmlyanin (1978) 

displayed in fig. 110 may be uacd to inferclepo.itiOll 

tempcraturc:a in the ranse 2SS-27O"C (:tl 0") with the 

Sb rich core ZOllCl deposited at IliShtly elevated 

valuea to their rim IDDCII. This cryltal shows marked 

.imilaritiea with the ASPI crystal (fiS' 114). 

117- GIp_Mips Aoepqpyrjtc (ASP6) Mjsmskmjs.1 

MlIIJ)jol Stydje. 

Th. diapam pre.ents a IIOne. 0If PY-1lCa1e contour 

m.,. of the major and Irace element cOOlent of 

waJlrock hosted ar.enopyrite from the Glendinnina 

deposit. Microc:hemicaJ analy.ea were undertaken 

over ~ of a Jbombic ahapcd arsenopyrile cry ... 1 

(I lOx ISO microaa in c:rou-.ection) .. ioS a 5 micron 

una1yais grid (..-97). Note that the ClConl porQOIl of 

the cryatal is .ituated on the right of each diapam. 

'The raults 0If this IlucJy are praeoted in table 4.06 

together with lummary sratiatica, coordinates and 

mappins boundaries in tablea 2.06, 1.15 and l.so. 

The atomic ,.Pc in _nopyrite (Fe~Aapy) plot 

illuslratca the concentration of valua (mu: 33.58 

at.~ Fe) in a broad linear zone croaacuUin, the 

ClCntraI portion of the cryalal, however the Fe valuea 

exhibit minimal Variatioo with reapect to either Aa or 

S. The atomic ~AII in _nopyrite (Aa%Aspy) plot 

.cabibitl de. evidence for an Aa enriched crystal 

marsilll (max: 32.86 aL~ All) .,d • depleted core 

(min: 28.44 at. ~ All). The atomic ~ in aneaopyrite 

(S~Aap) plot displaya an inverK relatiOlllhip with 

_aic; a relatively enriched con: zone (max: 39.39 

at.~ S) and depleted cryatal marsin(min: 35.50 aL~ 
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S). Au v.11ICII (a.x: 23,7OOppm) indic:aIe. pRle_ 

lial e~t in __ of low anenic vu- within 

!be cryaaI. Sb valuea (a.x: 75OOppm) _ e.icbocI 

in __ of _Die deficiency, aotabIy within the 

cryltal COR. Sb is positively correJaed with IUIpbvr 

and, to • Iea8er extent A. mel in_ly correlaliDd 

with _Die: VaillCll. lis v .... (max: 14,9OOppm) 

foDaw the general trends identified by nlphurval_ 

and hiJblipt peripheral zemel 8dj_nt to __ of 

highest Sb contcnt. Ni values (mu:: 8400ppm) follow 

!be trends identified by Sb and _ concentrated in 

low ..mcJhigb 18JpbID' IOIIeI within the core of the 

crylllal. WiCb refen:nce to the anenopyrite pother­

mometer of ICretchmar and Scott (1976) both the 

lemperatun: and lulphvr activitydurina !be period of 

cryllal formalioo may be obtained (fip 109, III and 

112). This ICUdy iDdic:aIa that cryataI is illleDlely 

zoned and !bat the vuialioo in J.. conteDt may be 

u-t to infer the pn:aence of a low 1iemperalUn: con: 

and n:laliwly hish temperalUn: margin. Anenopy­

rite deposilioo took pl_ over. wide lemperatun: 

ranse with a greater portioo of Valuel COIIf"med to a 

2SO-33O"C ran .. Sulphur EtiVity (&52) iullo lower 

in the crylllal c~ (10"" to 10--> thm the margin 10-

10 to 10"') .... ith .veraF vaillCll concentrated ill the 10-

12 to 10'" field. Here apia, !be mlimony IUbalitulioo 

seothermomeler defined by Gamyanin (1978) dis­

pl.yed in fiS. 110 m.y be .-d to infer deposition 

1emp«1tUreI in the ranse 255-27O"C(:t10") .... ith the 

Sb ricb c~ zanca deposited • alightly elevated 

values to their rim ZOIlIII. 

118- The Knipe Araenopvrile CASP7) Mjc;rocbemjcal 

MlI!I!iDl Studjca 

This diagram pn:aents • sene. of gn:y-Kale cOlllour 

maps of the m.jor and tr_ element conlent of 

..... J1rock hoaIed .-.eoopyrile from !he Knipe deposit. 

Analyses wen: undertaken over ~ vi • rhombic ahapecI 

_nopyrite crylllal (7Ox 5Omicrooa in crou-aec­

lion) ulinga 5 microo_Iya. grid ( ..... 9). Note lb • 

. :the central PQI'Iion of the crystal illituated at the top 

of e8Ch diagram. The n:aults of this study are pn:­

aeoted in table 4.07 togelher with nmm&ry ltatistics, 

coordioatel and mapping boundaries in tables 2.07, 

1.15 and 1.50. The atomie ~Pe ill _nopyrile 

(Pell>~) plot iIIullndel the enrichment vi values 

(mu: 33.78 .. 11> Fe) adj_nt 10 the crystal margin 

however. Fe values ellhibit minim.1 v.-iatioo wilh 

n:apect to eithor AI «S. The atomic II>Aa ill _00-
pyrite (AlII> Aspy) plot exhibits eDricbed crystal 

margioa (max: 29.69 aLII> AI) and a deficient con: 

_(min: 24.79.11> AI). The atomic fI,S in_oo­

pyrite (SII> Alp) plot displaya m iIIverae n:Jatiooship 

with _nie, wilh • n:1.tiwly enriched COR zone 

(max: 41.55 aLII> S) and a depleted crystal m-sin 

(min: 36.89 aLII> s). Au values (a.x 1800ppm)_ 

eoricbod in zones ad;.cent to the crylltlll margin and 

an: positively correlated with AI, Sb, Hg and Cd. Ag 

v.llICII(mu6OOppm)diapJ.yacJoaecorrelationwith 

S enricbment and AI deficiency. Sb values _ eo­

ric:bed (a.x: 86OOppm) in zones of weak _nic 

def"lCieocy (notably within the crystal core) and posi­

liwly corn:laIed with Au, lis, Cd. lis Valuel 

(max:66OOppm) follow the general tn:nd identified 

by sulphur and corn:lalie .... ith Au, Sb and Cd. Cd 

values (a.x: SOOppm) follo .... 1he tn:nds identified by 

Fe, S, Sb and lis when:_ Ni values (max: 500 ppm) 

present au small, isolated, fiDear IDOftllly perpeo­

dieul. to the cryataJ margin. In general, the chemi­

cal zonation idenlif"eed within this wallrock boated 

arsenopyrite &om the Knipe deposit exhibits cJoae 

1in2i1.iIies with .... aJlrock boADd .--opyrilie &om 

the Glendinning deposit (_ chapter 6 for detailed 

diaelllllion). With n:fen:nce to the _nopyrite Fo­

thermometer ofKrek:bmar and Scott (1976) both the 

temperatun: and sulphur Elivity during the period of 

cryllal form.lioo m.y be obtained (figs 109, III and 

112).lndetail, deposition took plKC over a n:laliwly 

n:stricted ruse oftemperaturea (ISO-310"C) with. 

paler portion of values confined to a 170-2SO"C 

range. Although the tn:nds identified in above arse­

nic plot _ Dot _ well developed _ in the Glendin-

ning plota (_ fig. 116) the zon.tion preaentmay still 

be used to infer the pn:aence of a low temperatun: 

con: and higher IiemperatuR: rim zooc. Sulphvr activ­

ity (&52) i. also lower in the crylltlll con: (10"16 to 10-

12) thm the marain 10"12 to 10"') with awrage values 

in the 10"16 to Ut" field. The mtimony substitu­

tion seothennometer defined by Gamyanin (1978) 

dillpl.ycd ill fig. 110 m.y be .-d to infer deposition 

Iemperatun:1 in the range 2SS-272°C (t 1 0"). 
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119- The Knipe Araenopyrite <ASPS) Microc""njgtl 

Mtppiu Studiea 

Thill diagnm pn:seolll a aeries of grey-Kale contour 

map of the major and trace element coatent of 

qlWU-atibnite vein hosted .-.euopyrite from die 

Knipe deposit. Microc:bemical analyaea wen: under­

taken upon a rhombic: IhapecI crystal (SOxJO mi­

Cl'OIII) UlinS a S micron anaIYlis srid (0-61). The 

raullll of this ltudy _ JRIIeIlJed in table 4.08 to­

sether with lummary atatiatic:a, ClOOIdinatea and 

mappina boundaries in tables 2.08, US and I,SO, 

rapccdvely. The umic .. Fe in arsenopyrite (FeIJo 

Aspy) plot illuatnlea a n:1Uiw:ly apondic: distribu­

don of values (mu: 3S.26 st." Fe) which may be 

pouped into two zones, croacultins the aouthem 

half and nortbemquarteroftbe crystal. The Fe an0m­

aly trends (>9Oth percendle) exhibit lOme limilarity 

with lis. Au. As and S aric:bmenL The atomic: .. As 

in _nopyrite (As"Aapy) plot defines an As en­

riched zone (max: 32.99 at. .. As) in die eaaJem 

aec:tioa of the e:rystaI which virtually lubdiviclea the 

crystal into two halves. The .aomic ..s in anenopy­

rite (S"Aspy) plot displays an invene n:lationship 

with _nic and defines an enrichment zone (max: 

38.72 at. .. S) occupying the wesJem half of the 

crystal. Both maximum As and S zones occ:ur adja­

cent to !be crystal margins. Au values (max: 

I1000pm) def'me a eaaceotric, ippI'OximaJe rhombic 

... ~ pattern of enric:b- ment, croac:uttinS the two 

zonca defiDcd by hish arsenic and hiSb lulphur coa­

tent. The anomaly paaema defined by Au valuea, 

exbibit .imiI.nCies with tboae of As. HS and to a 

leller extent Fe. Anomaloul AS valuel 

(max:6OOppm) mimic: die trends idcntif'JeCi by Au and 

correlate with botbNi, Fe and to a ieaaerextentHs. Sb 

values (max: 69OOppm) _ .enriched in __ of 

anenie: depletion. notably within die weatem half of 

the crystal, mirrorin8 the trends defined by lulphur 

values. Sb is positively correlated wilb S and to a 

IeaaerextcntHs andNi; and inw:nely com:lated with 

. As. Nival_ (max:6OOppm) follow the trends iden­

tified by Sb and Hs bat .-e unrelated to Au and AS 

anomaliel. HS values (max: 6100ppm) althoush 

sporadic follow !be general trends idendfied by Sb 

values and form periphenl zones adjacent to __ of 

highest Sb content. Cu values _ enriched in bolb the 

crystal core and in __ of anomalous Hg values in 

!be c:ryataI marsin. Cu values (max: 1000ppm) ap­

pear unn:lated to Au and As anomaliea. Wilh refer­

ence to die anenopyrite seotbcrmometer of Kn:tch­

mar and Scou (1976) both the temperalUre and lul­

phur Ktivity durinS crystal formadon may be ascer­

tained (fip 109, III and 112). This lludy indicaJea 

that crystal is intclllCly zoned and • auc:h the v.i­

adon in As content may be UIOd to infer die preaence 

of a low temperature zone in die eatem half of the 

e:rystal and n:ladvely biSb temperatun: zone in the 

weaJem half. Ore deposition took place ow:r a wide 

ranse ohemperaturea (190-?4SO"C) with a general 

values confined to a 2SO-3SO"C ranse. Sulphur activ­

ity (aSt ) is alao lower in dlee..tem halfofthecrylltal 

(10-16 to 10-") !han the westem zone (\0.12 to I<t') 

with aw:rase values in die 10-12 to 10-' field. The 

• antimony lubstitution potbermomelcr defined by 

Gamyanin (1978) displayed in fiS. 110 may be uaed 

to infer deposition tImlperatura in die range 2SS-

27QOC (:1:10") with IliSbtly elevated temperaturel 

defiDed for the -.sern zone. 

120- Ia!nolry Araenopvrjtc <ASP9) Mjcrocbc:mjgtl 

M'PPiaa Shlcla 

This diasnm preaa!la a aeries 01 pey-_Ie contour 

mapa of the major and trace element conlent of vein 

hosted anenopyrile from the Taloovy deposiL 

Analyael wen: uadertaken upon arectanaulanhaped 

_a (IOOxlOOmicrona) within a mlllive arsenopy­

rite hosted by vein quartz (pIa1e4) Ulins a 10 micron 

aamplins arid (.,..194). The raults ofthi .. tudy_ 

pn:seoled in table 4.09toselher with summary .latia­

tic:a, pid liB, coordinates and mappiDS boundarie. 

_ pn:aenJed in table 2,(19, I.IS and I,SO, rapec­

liw:ly. It is immediately obvious that the paUcrns of 

concentric zonation displayed in die previous stud­

ic:a, is abaent from this crystaL Element distribution 

within this mlllive cryltal i. restricted in range but 

hiShly variable, with no apparentltructunl or min­

eraJosicaI control. In detail tbe atornic: .. Fe inaneno­

pyrile (Fe"Aspy) plot illustrates a hiply msular 
distribution with values concentraled alons the 

northern and _diem marsin 01 the crystal and 

wilhin the centre of the 8rid area (max: 34.18 It." 

Fe). The atomic .. As in anenopyrile (As" Aspy) 
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plotexhibits ac:unplell, convolateddistributioa willi 

- evidence for A. cmic:bmcut in __ of low Pc 

c:001ent (max: 33.31at. .. A.). The atomic "S in 

anenopyritle (S"Aapy) plot displays a relali~ly 

IDOI'C nbtlc invenc relationship with -me. iUua­

lrated by a eoriclunent on the eaAem lINII'8in of the 

grid, plllticulKly in the IOUtb caallcm quadrant (max: 

36.80 at. .. S). Sb values (ma:: 900ppm) are notably 

lower tbau Iboee ot.ervecl in both the GIencIinaiD& 
and Knipe deposit and infer antimony dcf"ICienc:y in 

the mineraliaioB fluid lyalem. Sb may be tcDtati~ly 

c:om:latcd with S eoricbment however the ClItremely 

low values and variable cliltributioa make luch Ipa­

tial correlatioa problcmatic. Au values (max: 

14OOppm) are pre~rentiallyearicbecl in are. of hip 

Sb COIIIeIIl and exhibit a __ MBOCiation with Fe 

values. Aa values (milt: 300ppm) are extremely low, 

and OCCIIr c_ to the -aytical delectioa limits of 

the mic:roprobc. 

AIthough-aIt. Ag anomaliea follow the trencll iden­

tified by Au and $b. Ni val_ (max: SOOppm) are 

aIIo COlllidenbly 10 ....... in Ibia deposit and exhibit 

trends following Fe and to aleMereXtient Au and AI. 
Cu val_ (mu: 900ppm) are irregularly diltribufled, 

however anomalous valuea dilplay aimilar trends to 

lIIatof A. and Sb. Willi refaence to the _aopyritle 

pothermomeeer of'Kretchm .. and Scou (1976) both 

the llempcrature and nlphur lIClivity during crystal 

formation may be obtaiDecI (fip 109, III and 112). 

Thia study indic:atca tha c:ryaaI exhibits no evidence 

of growlb zoaatioa .ad that the micmc:bemic:aI vari­

ation ia boch spatially complex and apparently unre­

laled to any form of mineralogical control. VariatiOlll 

in A. CorMent may be uecl to infer IbIt deposition 

took place o~r a relatively reltricted temperature 

ran. willi averap val_ coofiuocI to 300-3500c. 

Sulphur activity (as,) il alao confined to a range ut­

l°to 10". 'The antimony lubatitutiongcothermornetler 

defined by Gamyanin (1978) displayed in fig. 110 

DUly be u* to infer deposition temperatures in the 

ran. 25S"C (:t10"). 

Caim,arrocb Arlel!Ol!yritc <MPIQ) Microc;bemjcal 

Mappi.. Stvdjca 

This diagnm pre_ts a aeries of grey-scale conlour 

IIIIIt- of !he major and trace element content of vein 

bostcd _nopyrite from Ihe CaimSarroch deposit. 

Microchemical analyael were underUken on a 

aquare lIbapcd _nopyrile cryltal (SO microns in 

cli.neter) usinsa S micron ownplins arid (_74). The 

_Its of this alady are preaenled in table 4.10 10-

ptber with summary statistics, srid size, coordinates 

and mappin8 bounclariea are presented in tables 2.1 0, 

US and l.so, I'C'iIIpCCtively. The atomic "Pc in 

anenopyrite (Pe"Aapy) plot illustrates a relatively 

sy_malic dilllribution wilb valuel COIICCIItrated in 

the southem half of the cry ..... DOtably cia.: to the 

crystal margi .. (max: 35.13 aL" Pc). The atomic 

.. A. in _nopyritle (A." Alpy) plot exhibits evi­

cIence for the pre_nDal enrichment in the crystal 

marsins, DOtably in the __ mcpadrant (max: 32.92 

aL" Aa) and depletioo (miD: 28.47 aL" A.) in the 

crystal core. The atomic .. S in _nopyrile 

(S"Alpy) plot dilplays aD in~nc RilatiOlllhip with 

both A. and Fe anomalies, illustrated by • am .. 1 

relatively enriched core zoae (max: 40.38 at. .. S) and 

northern marsin. Sb valuea (max: 1000ppm) are 

notably enriched within the cryatal core and in __ 

of both S aad Fe enricbmcnL Sb is positively corre­

lated with both S and Pc; and invencly correlated 

with A. values. Au valuca (max: 8700ppm) indicate 

a preferential enrichment in are. of low -Diclhigh 

iron+sulphllr COIICCntrationa, and are poorly relaled 

to Sb V"uel. AS values (mu:700ppm) foUo.. the 

trencll identified by Au; are COIJCCnlnltled within the 

core _, and occur mUlin" to are. of high Sb 

contenL Ni valuel (max: 1000ppm) define isolaled 

anomaly zones marginal to Ihe crystal rims and fol­

low trenda identified by both Fe and Sb and are 

conccnlraled in hish _nic/ high iron zonea within 

the rim of the Cryltal. Willi reference to the _no­
pyrile pothermomcler of Kretchmer .... Scott 

(1976) both the temperature and lulphur activity 

durinS crystal formation may be _rtained (figs 

109, III and 112). Thiastady indicsa that crystal ia 

-- .. *0III1y zoned 1Dd!bat the variation in A. conlent 

may be uacd to in~ the preaence of a small, relatively 

low lemperature core zone and hilh temperature rim. 

In detail, depoaition took pl_ over a wide tempera­

ture ran. with .verap values confined to the 250-

3~ field. Sulphur activity (as!> il lower in &reM 
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of U8CDic: deficiency such IS the crystal con: UId 

northern margin with values 10-12 to 10-1• The anti­

mony substitution geothcrmomc:ler defined by 

Gamyanin (1978) displayed in fig. 110 may be -ct 

to infer deposition tellJllCratul'Cl of 25S"C (±UI") 

with the Sb rich zooe. deposited lit slightly elevated 

values to their depleted c:ounterpar1l. 

Caimlanpch Anengpyrite <ASP I I ) Mjcrocbemjcal 

MlIIJiRaStuclia 

This diagnm praenla aleriea of grcy-1C&Ie contour 

ma.- of the major ard trace elemelll content of vein 

hoIIted -.aopyritc. &om the Caimg.rroch cIepoaiL 

Mierochemical .. J)'IIIII _ undertaken 011 a 

!bomb shaped an:I'opyrite cryatal (200x200 mi­

crons in size) uaina a , mic:ron grid (_254). The 

~Iulla of tbiI audy _ presented in tlbIe 4.11 to­

gether with IIIIIDIDII'Y ltltistic:a, grid size, c:oordinaIea 

and mapping boundaries _ presented in table. 2.11, 

1.15 and 1.50, respectively. The atomic ,.Fe in 

aneoopyrilc (Fe"Aspy) plot illustrates a ~Jatively 

Iyltem_ distribution with values generaUy COII­

c:entnded in the margins of the crystal (mu: 35.13 .. 

,. Fe). The atomic ,.Aa in _nopyrite (Aa,. Aspy) 

plot exlu'bia evidence for prefe~ntiaI enricbmelll in 

the rim ZOIICIIofthe crystal (max: 32.43 •• " Aa) UId 

depletiOll (min: 29.19 .. ,. Aa) in the crylltal con:. The 

atomK:,.Sin_nopyrite(S"Aapy)plotdilplayun 

invenc ~latiOlllbip with Aa anomalies, iIIU1trated by 

a ~Iativelyenric-bedcon: zooe(max: 37.99 .. ,. S) 

and _tern margin. Sb values (max: 1000 ppm)_ 

notably enrichecl witbiu the cryltll CCft! followinS the 

trends identified by S enrieh- ment UId Aa defi· 

ciently. Sbis positively corrclatedwith both S and Fe; 

UId inversely corrcllted with Aa. Au values (mu: 

87OOppm) indicate a ipOrIdie enrichment iu the con: 

of the crystal, in _ of low _Die urd/ar higll 

irOll+ sulphur concentrations. Au values also follow 

the trends identified by Sb and AS anomalies. AI 

values (mu: 700ppm) follow the trends identified by 

. botb Sb and Aa, and _ concentrated within the c:cn 

ZOIIC. Ni values (max: 400ppm) define isolated 

anomaly zones concentrated within the crystal c~ 

UId follow trends identified by both Sb and Ag. 

The araenopyrite geodaennometer of Kretchmar UId 

Scott (1976) enables both the licmper"'~ andaul· 

phur activity during cryatal fonnalion to be acer­

tained (fip 109, III and 112). This study indicates 

that cryItIl is strongly zoned and that the variation in 

Aa content may be used to infer the presence of a 

~Iatively low temperllture core zone and biSh tem­

perllture erylltal rim. In detail, deposition took. place 

over a temperltu~ range confined to the 2SO-3SO"C 

fielcl. Sulphur activity (aS2) is lower in IreIS of _. 

nie deficiency such IS the crystal con: UId welltem 

marsinwithvaluaransinsfrom 10-'2 to 100' ... he~1S 

araenie enricbed marlina exhibit valuel from 10-10 to 

10-1• The antimony lubstitution geothermometer 

defined by Gamyanin (1978) dillplayed in fig. 110 

may be used to infer depoeitiOll temperaturell of 

25SoC (±I 0°) with the Sb rich CCft! Zonell deposited at 

sliglldy elevllfled values to their depleted marlinal 

counterparts. 

123- Caim.vrpch Arse_yrile <ASP I 2) Mierocbsmjcal 

MlIIJiac Stydjg. 

This diagram praenla a lleriel of grcy-1Cl1e contour 

ma.- of the major and trace element conlent of vein 

hosted araenopyrite from the Cairngarrocb deposit. 

Microchemical analyses we~ undertaken on a 

rhomb shaped _napyrile cryltal (6Ox60 microns 

in size) usinS a 5 micron Brid (ns64). The ~ullll of 

this study _ preteDtcd in table 4.12 together with 

IUomary ltltillties, grid lize, coordinatell and map­

pinl boundaries _ p~_ted in tables 2.12, 1.15 UId 

1.50, reapcctively. The atomic,.Fe in _nopyrite 

(Fe"Aapy) plot illuatratlel a ~lalively lIystematic 

distributiOll with values pneraUy concentrated 

(max: 33.68 at. ,. Fe) in the core of the crystal (an 

inverae ~nd to that of the p~vioull crystal from this 

depoIit). The atomic ,.Aa in _nopyrite (As,. 

Aspy) plot exbibits evidence for p~fe~tial enricb· 

melll in the core and nartb eatem rim zooe of the 

crystal (max: 32.92 ... ,. Aa) and depletion (min: 

29.04 a"" Aa) in the ~aining crystal marsina. The 

atomic"S in _nopyrite (S"Aapy) plotdiaplays an 

··inwrae relationship with Aa anomalies, and exhibits 

enriched crystal margins (max: 40.38 at." S). Sb 

values (mu: BOOppm) ~ enriched both within the 

crystal core and in marginal are. exhibiting Sen· 

richment. Sb is poeitively ~late4 with both S and 

Fe; and inversely correlated withAa. Au valuell(max: 
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I ~ ppm) are enriched in the rim _ of the crystal 

in are_ of low anenic mel hip nlpbur coace .... 

tiOll. Au values also follow mMY of the anomaly 

treods idmdfJedby bocb Sb md As. As val_ (mu: 

700ppm) follow the ft .... idea- ified by bocb Sb IIDII 

Au. ud are coacenlntcd within the lIIIIrJiIIIII rim 

zoaca. Ni values (mu: lOOOppm) define iIolatDcI 

IDOIIIaIy _ coacenlrated wilbiD the aystaI core 

mel DOr1b eastern 1DII'Iin. IIId follow the patlema 

identified by A.. The.-.eoopyrite F~ter 

of Kretchm8r ud Scott (1976) enabIea bocb the 

temperltUre mel nlpbur activity durin, cryltal for­

mationlobe MCel'tained(fip 109.111 mel I 12). This 

ItDdy iadic-. dull this ...... 1 c:ryItaI is ItroDJly 

zoned, but invenely 10 that defiDecl for plevioua 

crystIIIa fnIm Ibis depoIit (ASPIO mel ASPII). The 

v.-iation in A. coateDt DUlY be IIIeCI 10 infer the 

preaence of a reilitively hip temperablre core zone 

mel low tempc:ntvre cryltal rim. Cryltal depositioo 

occuned over a temper .... re nIIF confined 10 the 

2SO-35O"C field. Sulphur activity (as.) ia lower in 

are_ of -me deficiency aach _ the c:ryataI margin 

with values ranain, fnIm l(tu 10 let' where_ the 

anenie eDricbeclcore _ exhibits values fnIm I&-IO 

10 10-'. The antimony aubatilotioa pothennometer 

defined by Gamyanin (1978) cIiapIayed ill fil- 110 

may be IIIeCI 10 infer depositioo temperatures of 

2SsoC (:t10"). 

Caim.arroch Aqr;pgoyritc; <ASP I 3) Mjcrocbemia' 

MappiAI Stud-

This diaaram praents a lleriea of JI'eY-_1c contour 

mapa detailinS the results of a mic:ro-pocbemical 

inveati,ltion of the major aad trace element content 

of vein hoaod ...:nopyrite fnIm the Caim,.-rocb 

deposit. Microchemical IDII~ were .1ICIcrtMen 

over a rhombic Ibaped_nopyrite CI"}'Ilal (13Olt1OO 

microoa in __ tioa) .. in, I 10 micron anllyais 

pieI (0=144). The reaults of this stndy are preaented 

in table 4.131opther with aummll')' .tatiat- ic:a. pieI 

_. _ . _ .. _ : ... -aize&,.COOId .... lllClmappin'bnaacIGiea in table 

2.13. 1.1 S ud 1.50. The ltomic: .. Fe in-..opyrite 

(FetPAapy) plot iDualratel a relatively ipOI1Idic dis­

tribution (ranF: 32.20-33.10 AL tPFc). The atomic 

tPA. in -..opyrite (AatPAapy) plot exhibits clear 

evidence for .. Aa elU'icbed marain (mall: 31.40 

aLtPAa) and depleted core (min: 29.26 aLtPAa). The 

atomic ~ in lI'IIeIlopyrite (StP Aspy) plot displlYS I 

relatively enriched core zone (mall: 38.26) and de­

pleted -aiD (min: 35.70 IL'l.S) I trend inverely 

related 10 that of --x:. Au Valuca (mall: 2000ppm) 

indicaIe I pleferential enrich- ment in are .. of low 

-menu, .. lulpbur vlluea within the cryltal core 

ud aouthwatern margin. Sb value. are notably 

eRbed within the crystal core (mall: 900ppm) and 

exhibit I m.ted concentric Zonltion parallel tocrys­

tal marai'" Sb is positively com:latccl with sulphur 

mel invenoly c:onelated with lI'IIeIlic values. Ni val­

- (IOU: 300ppm) are Fnerally low. forming iao­

IatDcI lDOIDaliea followin, the tre .... identified by 

both S and Sb.1n Fneral Ni values .-e concentrated 

in low -niclhip "!phur ~ within the core of 

the cryatal. As Valuel (mu: 600ppm) foUow the 

trends identified by S. Sb and Au. With referena: to 

the _nopyrite Fothermometer of Kretchmar and 

Scou (1976) both the temperature and sulphur activ­

ity durin, the period of crystal formation m.y be 

obtained (fi,1 109. III and 112). Thisatudy indicatea 

that crystal is inte_ly zoned and u luch the vari­

ation in AI content may be used to infer the plelleRCC 

of a low temperature core and relatively hip tem­

perltUre marpn.1n detail, depoaitioa took pI_ over 

I wide ranac of temperllt1lrel (240-340+OC) with a 

95'1. of val_ coafiDCd to • 26O-JOOOC ranp. Sul­

phur activity (aSJ ia abo to-- in the c:ryataI core (10-

12 10 1(t1O) than the margin 1&-10 to 1(tI) with neraae 

vlluca in the l(tilio let' field. 1nc antimony sub­

atilotion poChennomelier defined by Gamyanin 

(1978) displayed in f"lg. 110 may be used to infer 

depositioa temperaturea in the r&n8c 2SS (:I: I 0") with 

the Sb ricb core zone. deposited at slightly elevated 

val_ 10 their rim ZCIIIeI. 

12S- CIonIjJzmI Agcnopyrite (ASPI4) Microcbemic.1 

MlPPina Studies. 

This dilgnm plellents I aeriea of grey-_Ie contour 

. mapa detailing the resulta of I micro-geochemicll 

invelltilation of the major and trace element content 

of vein boated _napyrite from the C10ntibret Sb­

A.-Au deposit, in SOUIMm Ireland. Microc:hemical 

analyses _re under1alten over a rhombic shaped 

_napyrite crystal (I00ll80 micron CfOll-ICCtion) 
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ulingaS microo analylis grid (0-1 08). The rcauiliof 

this study _ prcaented in table 4.14 together with 

IUmmary ltatistiCS, grid lizes, coonIiDatCII and IMP" 

ping boundaries in tablel2.14,I.IS -'I.so, respec­

tively. The atomic ~Fe in ancoopyrite ~Aspy) 

plot iIIustratel a relatively apondic disllibution 

(max: 33.17 AL~Fe). The IIlomic: ~AI inusenopy­

rite (.\a~Aspy) p10texhibillclearevidence for 1ft AI 

enriched margin (max: 32.32 aL~AI) and depleted 

core (miD: 3O.011lt.~AI). The atomic ~ in __ 

pyrite (S~ Alpy) plot displays a relatively enriched 

core zene (max: 36.92 aL ~S) and depleted margins 

(min: 34.74 aL ~S) a bend invenely related to that of 

_n·:. Sb values _ notably enriched wi1hin the 

cryst &I core (max: 48000ppm) and exhibit a CODCeo­

eric zo..\I.~n, parallel to crystal mqinl. Sb is posi­

tively comlated with S and iDvenely comlltcd with 

AI values. Au values (max: 1700ppm) indicate pref­

erential eoricbment in __ of high usenic/low lul­

phur values within the cryltal _gin. Ag values 

(max: 100ppm) _ concencrlted within the core of 

the crystal, however their low concentration, close to 

that of the analytical detection limit invalidated the 

obaerved relationship. Ni values (max: SOOppm) _ 

pnerally low, and cluater in the margiDI of the 

crystal. The_ values eloaely foUow the bends iden­

tified by Fe and to aleller atent Sb. Cu, Zn IDd Co 

val .. aU lie below the lIDalytical detection limit and 

_ not dilcUlled further. With reference to the 

_nopyrite Fothennometer of Kretchmar and 

Scott (1976) both the temperature and lulphur activ­

ity during crystal formation may be acertained (figs 

109, III and 112). nus study indicates that the 

Cryltal is intcoIely zoned and the variation in AI 

content may be uaed to infer Ihe prcIICIICe of a low 

temperature core and relatively high temperature rim 

zone. Sb substitution is conf"med to __ of AI 

deficiency where_ maximum Au values _located 

in are_ of sulphur deficiency. Ore deposition toot 

place over a wide rlllF of temper_urca (300-42O"C) 

-with "Ilt-of Vllucl conf"med to a 320-38O"C RIIF. 

Sulphur activity (aS2) isalao lower in Ihe core of Ihe 

crystal (I(tll to 10"') than Ihe mll'Jin 10"' to 10"') with 

averaF values in the 1(t1O to 10"' field. The antimony 

substitution geothc:nnometer defined by Gamyanin 

(1978) displayed in fig. 110 may lie IIIed to infer 

126-

deposition temperaturca in the rIIIlge 2SS-3S I DC 

(:t I 00) with the Sb rich core zone. deposited lit hiahly 

elevllted vall1C1 to their rim zone counterpart&. 

C!ontibrct Anepopyrits (ASP'S) Mjcrpcbemia' 

MlII!ina Study. 

This di.,ram preaentl a aerie. of ,reY-Belle contour 

maps detailing Ihe l"OIulll of a micro-aeochcmical 

invesligation of the major ancIlrace elemenl content 

of wallroclc boated usenopyrile from the CIonlibret 

Sb-As-Au deposit, in Southern Ireland. Microchemi­

cal analy_ were undcrtalccn over a II1II11, rbombic 

Ihaped anenopyrite c:ry.tal (70x50 microns in CFOll­

IICCtion) using. S micron lIDalysis grid (n-102). The 

relulll of this Iludy are preaented in table 4.1 S to­

sether with summary ststillicl, grid aize., coordi­

nalea and mlPPinl boundlries in tables 2.1S, LIS 

ancIl.50, rcapectively. The atomic .. Fe in _nopy­

rite (Fe" Aspy) plot illustrates a relatively spoI'Idie 

distribution (max: 32.95 AL~Fe). The atomic ~AI 

in anenopyrite (AI" Alpy) plot Clthibill clear evi­

dence for an AI enriched m .. gin (max: 32.S3 

at.~AI) and depleted core (min: 30.13 aL .. AI). The 

atomic ~ in UBeDOpyrite (S~ Aspy) plotdilpllYS a 

relativelyenricheclcore zone (max: 37 .3611t.~S)and 

depleeed margins (miD: 34.87 at.~); a bend ill­

vencly related to that of anenic:. Sb values are nota­

bly enriched within the crystal core (max: S4OOppm) 

and exhibill a zonation pattern mirrorinlthat of S, 

invencly lelaeed to AI valuel. Au valuea (max: 

32OOppm) we higher than their vein hoeted counter­

pitta and may be UKd to indicate preferential enrich­

ment in are_ of high _nie - low sulphur values 

within Ihe crystal mll'gin. AI values (max: 200ppm) 

follow the bend identiflCd for A. and are concen­

trated within the marlin of Ihc crystal. The low Ag 

concentration however, cloac to the analytical detec­

tion limit of thil technique casll doubt upon the 

validity of the obIerved ~Iationahip. Ni valuea (max: 

600ppm) _ FneraUy low, c:Iustering in the core of 

. the cryataI and forming an envelope 10 zones of Fe 

enrichment. In aencral Ni values are concentrated in 

low _nic/high sulphur zones within Ihe core of the 

crystal. Cu, Zn and Co values all lie below the analyti­

cal detection limit and are not discUlled further. 

With reference to the usenopyritc Fothermomcter 
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of Krctcbmar Mel Scou (1976) bodIthe tempenblre 

Mel nlpbur .:tivity duriD& cryaaI fOl'lDltioD may be 

uc:ertained (figs 109. III Mel 112). This atady iadi­

cUes that Ibe c:rystaI is intcoBcly zooed Mel Ibe vwi­

ation in AI. content may be ucd to infer the prellence 

of a low tempenture core Mel 're1ati~ly hip tam­

pcrlbB'erimzooc.Sblubstitutioniac:oafiDeclto_ 

of AI. deficiency wberea ma:timum Au values are 

located in are_ of lulpburdeficiency. Ore deposition 

took p1_ over a wide ran. of lempentur. (300-

42D"C) with 95% of valuel confined to a 326-36O"C 

nnge. Sulphur M:tivity (as,) is a'.IO lower in the core 

of the crylllal (10-11 to 10"') Ibm the mUlin Ut'to 

10") with avenae values in air 10-" to 10" field. 

The antimony lubstitution p tI ermometer defined 

by Gmlymin (1978) dilplayed a. fil' 110 may be 

uaed to infer deposition tcmpenturea in the !'IIIF 

255-265DC (:t:1 0") with the Sb ricb core zoaea depoe­

ited at bishly e!ented values to their rim ZODC 

counterparts. 

127- Aqeoopyritc pocbFmjdry Aa-Sb-Ap diIBAQr 

The 1Cnjpe. Ta1nocry Cajrplarroch and CIoalibret 

sIIumIiJI· 
The AI.-Sb-Au trianp .... diasnm may be uMld to 

compare and contralt major ~n::ncea in ancoopy­

rite geochemistry widtin the llhKlied deposita. The 

tint two plota define Ibe compositiona1 rlClda of ~in 

and wallrock boated Amplea from the Knipe deposit. 

Plot ASP7 (0-49) iUultralel the enridunent of anti­

mony within vein boated lnCDOPyritll: where .. Ibe 

ASPS plot ( .... 61) definca the depletion of Sb Mel 

correspoodinl enrichment of Au within waUrock 

boated samp1ea. The third plot, ASP9 (_74) defi ... 

the compoaitioD of m_ive vein boated..-opyritll: 

from the Ta1nolry deposit; DOlle the extremely low Sb 

Mel Au c:ompo8ition of the 8mlp1e IIICI ita reatricted 

distribution. The fourth plot repelleD" a c:ompoaite 

Ibldy of three ancnopyritc crylllall from the 

CairnlllTOCb Bay deposit, ASPII. ASPI2 Mel 

- ASPJ:I ( .... 154. 64 aad J .... respectfully) IIICI iIIul­

tralel the general trend towardllow Sb conteDt with 

conaiatleDtly bilher Au !evela tbu defined for the 

Knipe or Talnolry deposits. The rlDal two 1'10111 define 

the compositional range of both ~iD Mel wallrock 

samp1ea ASP 15, ASPI6, ASPI7 and ASPI8 (0=32, 

102, 69 Mel SO reapectfuUy) from the CIontibn::t Sb­

Aa-Au depoait, in Southern In::land. This diasram 

iIIuatratea theenricbed 1e~ls ofSb and low Au values 

within vein boated _plea; and the reduced Sb and 

elented Au content of wallrock boated aamplea. 

Note that in both plota the highest gold leve" ~_ 

apond with low Sb content, when::. the bipst Sb 

!eve" cOil_porod with low Au content. This relation­

abip is inferred 10 have an overriding mineralogical 

conrrol. with both Sb and Au rich aamples formiDJ 

two end-mcmben in a lolid .. olution series. In light 

of the spadal diatributioo of Sb and Au in both 

crylllals (fip 125 Mel 126) it is concluded that the 

major controll upon IUbat- itulioD in the respecdve 

cryata1s an:: the level of AI. at. II. (and by inference roc 

Mel sulphur activity) aDd Ivailability of both Sb Mel 

Au at the time of deposition. 

128- Wngp. pocbemjaky As-SMu djll[JQ)iThe 

G!endjnpinl Deposjt 

The AI.-Sb-Au triangular diagram is used in this 

figure 10 illuatr* major differellCCl in ancnopyrite 

Fochemillry between individual cryatala studied in 

Ibe Glendinning deposit, and compare and contrast 

trends relatinl to their boat lithology (vein. breccia or 

wal1rock boated). The fint diagram (ASPI) defiDCI 

the COIl2pcIIitional fields for a bn::ccia hosted crylla1 

(n-72) containing high levcla ofSband modcrateAu 

values. A _Ilk trend Iow.-ds bimodal distribution is 

obacrvedwith both bighAu/low Sband highAu/bigb 

Sb end-mcmben present. The second diagrana 

(ASP2) a further bn::ccia hosted aample illustrates a 

n::1.ti~ly n::atricted distribution (n .. 26) in comp.-i­

I0Il to the pevious cryatal, and lacka the low Sb 

conccntratiODl depicted in ASPI. The final breccia 

boated cryatal (ASP3) follows a aimilar trend to thld 

eatabliabed by the fintexample (ASPI) and contains 

a wide nop of Sb values and moderate Au leve" 

(0-35). The fourth diagram (ASP4) illustrates the 

trends aaociated with vein hosted ancnopyrite 

_ .. :.(nooS6) in this deposit, namelYi a wide nogc of Sb 

content with little or no systematic evidence of Au 

enrichment. Two examples of wallrock hosted 

ancnopyrite ASPS and ASP6 (_323 and 97) are 

presented which define a _what diffcrent pattena 

to the previous samples, with highly elevated Au 
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nluca located in the low Sb field of cada diasram. 

Two composite ploca aummarising the major differ­

ences between breccia IDCl waUroclt hosted ('1I1ndi­

form') arsenopyritea _ presented in the klfMight 

md bottom-left comen of !be diagram. Nolle tIW the 

breccia-honed plot displays a wide range of Sb val­

uea UJd moderate Au content where.. wallroclt 

bOllted laDJplea, allbough displaying a similar Sb 

content, exbibit a considerably enlarged rlnge of 

gold valuea (max: 29,4OOppm). 

AqeDOpYritc aeocbc:mw S-Aa-Ee djaarwn: The 

Ole";'";,. Depotjt 

The S-As-Fe triaDgular diagram is uaed in cbia figure 

to illustrate the variatioa in major element COIIIpOIIi­

tion between individual crystals in the Glendinning 

deposit, aod comp_ aad contrast ~ndII relating to 

their boat lithology (vein, breccia or wal1rock 

bOIIted). Pleue obeene the Imall i .. t ltey to this 

diagram in the top - right comer of the diagram aad 

note that the range of each plot (30 to 45 aL~) 

represents the central portiOll of a much larger (00 to 

100 at. ~) cI ... ific:ation diagram. The scale ban on 

both the aman and large triangles repreaent unita of 

1.5 at.~. The fint plot (ASPI) definel the composi­

tional range for a breccia honed crystal <0-72) c0n­

taining high levels of Sb and mnderaee Au values. 

This narrow linear zone of values occun adjacent to 

the FeS
2
-FeAs2 tie line in the central porlioa of the Fe­

As-S Iy*m and delllOllltnlf,ea a Ilight iron defi­

ciency, similar to crystals grown synthetically by 

Kretchmar and Scott (1976). This cODlpoaitiOllal 

range n:flccts the effccts of chemical zonation within 

the crystal which, .. observed in fig. 114 is concentric 

ifslighdy irregular wi1h no revenal. The high Au/low 

Sb valuea defined in fig. 128 are Iocatcd at the bottom 

end of this solid .. olution aeri. where. the higb Au! 

high Sb members form the upper portion of this trend. 

In the second diagram (ASP2) a further bn:ccia 

hosted sample illuatratca a similar, albeit restricted 

_. -diatribvtion(DW"26); ThB filial breccia boated crystal 

(ASP3) follows a aimiJ. trend to that established by 

the first example and contains a wide range of Sb 

valu. and moderaee Au levels <_35). The fourth 

diagram presents a composite plot of all <no 133) 

breccia bOllted nmples and aerv. to iIIust- rate the 
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trends aIIIIOCialed with th. group, _Iy: a narrow 

range of Fe content md linear solid1OIution relation­

abip between As and S formed .. a rcauk of chemical 

zonation. The fint diagram on the continuing page 

(ASP4) displays the compositional variation attn"" 

ulled to vein hOlltoci aamplea from the Glendinning 

deposit. Note the incn:..d range of Fe composition 

and the concentration of valuea above the As,..,36 

tbreahold. Two examples at wallroclt hostod araeno­

pyrille ASPS and ASP6 (_323 and 97) an: presented 

which define a _what different paUcm to the 

previoul samplea, with an incre.ed range ofboth As 

and S value. and a proportiOllate dec:n:ase in Fe com­

position. Highly elevated Au values _ located 

within the sulphur ricb end-members of this solid 

solution aeriea. A compoaille plot lummariaing the 

major chemical characteristic:. of gold-ricb (max: 

29,4OOppm) wallroclt bOIIted ('atratiform') araeno­

pyrite chemiltry is also pn:aenlled. 

ArlellOJ'Yrile pocbemjatry S-Ai-Fe djagrMJ)i The 

KniRC;. Talno!ry m:I C.jmprrocb BIY 

The S-As-Fe triangular diagram is ased in this figan: 

to illustrate the vari.tion in major element compoai­

tiOll of araenopyrite crystals from the Knipe, Ta1notry 

and Caimgarrocb Bay deposits, and compan: and 

contrast treoda relsting to their bOIIllitbology (vein/ 

brec:ci-,twallroclt). The lint plot (ASP7) clefmel the 

compoIitioaal range for a waUrocit boaIed crystal 

from the Knipe deposit <0-49) wbich forma a narrow 

lineur.onedepletedinaraenicincompariaonwiththe 

second plot (ASP8) which defines the range for vein 

hoIIted araenopyritel from the same deposiL With 

reference to the arsenic geotbermometer of Kretcb­

mar and Scott (1976) th. would imply that the wall­

rock ho.ted Au-ricb aamplea wen: deposited at a 

relatively lower temperature IDCl lulphur activity 

than their vein hoAed counterparts. In the second 

diagram (ASP8) the vein hOlllod sample (0-61) iIIuI­

trates evidence of arsenie enrichment in comparison 

with wallrocltlamplel and defines a bimodal popula­

tion with anaIysel clusterinS into an Sb rich and Sb 

poor group along the similar linear field. The third 

diagram iIIU1tralel the n:stricted composition of 

m ... ive arsenopyrite (ASP9) from the Talnocry 

deposit (.,.74) located in a limil. field to the anti-
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moay poorvuiety wveinmel lxa:c:ia boaaed_ 

pyriIa from the ICaipc ..t Glenctitmins depoIita. 

The fiDaI ciaar- ill Ibis fipR il ........ a~ 

itc plot (~2) of all veill hoAId -..opyrite cry. 

..... from the CairuaIlll'OCh Deposit. Note the increae 

ill Fe ..... ..t the Ihift ill compositioa away &om 

that def"mcd by the TaInoVy umplea towards a ~ 

S and Sb rich t:end (_ next figure for details of 

individual cryRII atudiea). 

ArIepcmrjte pochmajttry S-At-fe di ... • The 

CajrnsIlDlCh Bu..l2mzsllil. The S-Aa-Fe trilllplar 

diap'am is aeed iD this figure to illustrate the vuiation 

iD majoreae-at ~itioa of vein boaed ___ 

pyrite c:rystala fi 0'11 1he Caimaanoch Bay deposit. 

The three ayaaIa ~._nted ill thi. fipre ASPII. 

ASP12IDC1ASP13 ( .... 254. 64 and l44reapectively) 

ilIulltrate a number of COIIIIIIOD featara, incluclioa a 

tipdy comtrained Aa-S COIDJIOIitioa; III iDc:reaIc ill 

Pennsec:omp.recl with tbatofGlcndinning vein and 

breccia boIItcd ..npIea and a Ihift ill compositiCID 

away from tbatdefiDedbythcTaInoVyveinumplea 

towards more S rich c:ompoeitions. 

Agepopyrile pochmajttry S-"'-Pc dillPR" The 

CIopblzret DePotjL 

"The S-Aa-Fe trianplar di.pam is uaed in this figure 

to iUuatraIC the variation in major elc..-t ~ 

tiCID between vein IIId wallrock hosted ..nopyriIc 

crystals &om the Oontibret Sb-Aa-A. depoait ill 

Soatbcm lrellllCl. The lint plotdetu- the ~ 

tional noge of ASPI S. a wiD hoAId sample (_32) 

wbcreu the remaiDiog three plota detail the compo­

sition of wallrock boaed nmpIea ASPI6 (0-102). 

ASP) 7 (0-69) and ASP)S (-SO) respectfully. All 

four diaarama i1IuIItraIc s relatiwly n:atI'icecd ranse 

of Fe values and a amaH ranse of As-S values which 

form a narrow. linell' trending c:ompositionaI enve­

lope. Vein hoaecd umplea are c:once.uaaed in 1he 

more _Die: rich portion of envelope. whereas wall­

fOCk -hcIMect aamplea -eDibit Depopulation Kewed 

towards the sulphur rich end-mcmben of this poup. 

Note thatcoric:hcd levels ofSb mel low Au values are 

reported within stibnite vein hosted samplea; 

where.. recIuc:ed Sb and elevated Au values are 

recorded in 1he wallrock boaed ~Iea. This rela-

tiooahip is inferred to have III overriding mincralogi­

c:alcoaerol, with both Sb and Au rich aamplea c1uster­

iDg II'OUnd the two end-mcmben of the Fe-As-S 

solicHolution acrica. The three wallrock hOlIed 

c:ry ...... in this fipre display a conatnincdAa-S com­

position mel bell' c:losc gcochcmic:al similarities to 

1he breccia boated aamplea from Glendinning. It 

should be noted howcwr ~at in opposition to the 

trends identified in wallrock boated umples from the 

Glendiming deposit, gold at CIontibret is conccn­

tnted within the As rich rima w wallroc:k samples .. 

oppwcd to As depleted c:ore ZOIICI. 

133- A compvatjye ""ely of !be mwor tpd irA clement 

cbmnjttry of IIIGnopyrip from ",-Sit-AM clel!Oli" 

in the Sou!bem Upl_ of Scodll!d II!d Loap'ord 

.J:lmm 

11aia diagram prescnts • acrica or compositionsl enve­

Jopes iUuatndng 1he variation of Ihrcc aimplc statistical 

values (min, mean mel mu) mel two compositional 

no .. preacot within 18 individual microchemical 

atuclica (_1627) of .--pyrite c:rys"'" from the 

Southern Uplands and Longford Down. The fint 

compoaitional range (minimum-mean) is identified by 

solid shading where .. the aec:ond range (mean-mu) is 

identified by c:rou hatching. A key is included at the 

boUomofthediagraminordertoidentifythereapcctive 

depoaita and detaila of individual depoaita are pre_ 

scnted below: 

~ HoatlLjtboJQIY 

ASP) Glendinning 72 Greywac:lte Breccia 
ASPl Glcndiming 26 Greywac:ke Breccia 
ASP3 Glendinning 3S Grcywac:ke Breccia 
ASP4 Glendinning 56 QuIl1Z-Stibniee Vein 
ASP5 Glendinnilll 323 Greywac:kc W.11rock 
ASP6 Glendinning 97 Greywac:lte Wallrock 
ASP7 TheKnipc 49 Greywac:ke W.llroc:k 
ASPS TheKnipc 61 QUIl1Z-Stiboite Vein 
ASP9 TalDOCry 74 Ancnopyrite Vein 
ASP I I Cairnaarroc:b 2S4 Arsenopyrite Vein 
ASPI2 Caimgarroch 64 Arsenopyrite Vein 
ASPI3 Caimgarroch 144 Arsenopyrite Vein 
ASPI5 CIontibret 32 Qualtz-Stiboite Vein 
ASPI6 Contibret 102 Greywac:ke W.llroc:k 
ASPI7 CIontibret 69 Greywacke W.llrock 
ASPIS CIontibret SO Greywac:kc Wallroc:k 

The Fe content plot displays a relatively sy.malic 

distribution with tiShtly c:onstrained mean values 

disrupted only by Glendinning wallrock hosted 

aampIca ASPS and ASP6 which exhibit strong deple-
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lion effi:cla. The Aa content plot displaJII bisbly 

v.-iable compositions between crylltala &om differ­

ing depwi1B IDCI boat 6tbo1ogiel. The most multocl 

v.;mon is displayed by exnmely low minimum 

ed meaD valuca ..ociated with wallrock umples 

from the Knipe depmit (ASP7); and by the bist-t 

minimum Uld meaD valuea displayed within the 

Ta1nocry IIIIIlple (ASP9). Note the COIIBistent melll 

vai_ of lamples from the Glendinning deposit 

(ASPl to ASP6) and the Rlatively ioae.-f Aa 

content of samples frem the Clontibret depoaiL 

Sulphur contenta an: again highly variable with the 

highest mean c:ompoaitiona displayed by the Knipe 

sample (ASP7) Uld l.-geal ranp diaplayocl by the 

GIendiDning (ASPS) and Cairnauroc:h Say (ASPI2) 

samplel. 'Ibe goldc:ontenl plotaunun"" a number 

of features inc:luding the inaeuc in gold c:onfiellt 

from Glendinning vein cbrough brec:c:iato waUroc:k 

hosted c:ryataIa; the inc:R_ in mean gold c:ompoai­

tiona of samples from the Caimg.-roc:h and Clon­

tibret deposit (ASP I I to ASPI8) in c:ompariaon with 

aamples from the Knipe and T.molry depoai1B; and 

the low gold content of vein hosted lInCIIOpyritel 

&om the Southem UpIUlda. Antimony values an: 

highly variable and displayed on a Iogarithmie: ac:aIe 

(range: O.OI-I~, 1000IOO,OOOppm). Note the 

largest mean ed maximum antimony values prelCnt 

in quartz-lllibnite vein hoaled umples from the 

Knipe and Clontibmdepmi1B;and the exnmelylow 

Sb val_ Ioc:ated in the Caimprroch and Talnotry 

deposi1B (ASP9to ASPI3). 

AI-Au diagram of mjcroprobe epalyN fr. dis­

lFJllioll!ed. vein apd bm;cia hott;d "FQopyrilel 

from the GlepdioniAI Dcoosit This c:rouplot dis­

plaJllliule dRc:t correlation between Aa aL% mel 

gold contenL Gold val_ are Fnerally earic:hed in 

wallrock boated ('stratiform') lamples _ oppc.cd to 

their vein and brec:c:ia hoItocI c:ounterpar1B. 

-:J ~ - :_'AtoAg diqqm ofmjcBzpmbe ply. fr. vein 

mel willrock hosted 1I'KQfI?Yritca. )be (]ootjbret 

~ 
This c:r0SBpIotdiBpl'Y1 I general correlltion between 

inc:RuocI gold composition and _nie: content 

within both vein and wallroc:k boated lneDopyrities 

136-

137-

138-

139-

from the CIontibRt deposiL Note the inc:reued range 

of gold compositions in waUroc:k hosted IIIIIlples 

from this ~posit mel the positive inc:n:_ in _nie 

composition in c:omparison with samples from the 

Glendinning depmit (fis.I34). 

AI-Au dillflQl of mjcroprobe lIIaJne. from vein 

and waJlroct bOlted wscnopyriteL the Knipe De­

J!SIIH. Thi. croasplot details the variation in anenie 

and SOld composition in wallroc:k and vein hosted 

samples from the Knipe deposiL Note the differing 

_Dic compmition between the two bost lithologie, 

with lower values concentrated in the wIllroc:k 

samples; ed the nnd towards inc:reuing gold con­

tent with _nic abundanc:e. 

AI-Au dj'mm of microprobe IDIlnes ft. vein 

and hOlted IIKnopvrites. Talnotrv and CairnlV­

roc:b Bay IleJIosi1B This di'p'1III details the rIDge of 

_nie: and gold compositions of anenopyritcs from 

the Talnoery and Caimguroc:h Say deposita. Note the 

inc:Rued _Die: vllue. present in sample. from the 

Talnotry deposit, whie:h ,lao exhibit slightly rocIuc:ed 

gold value •. 

Aa-Sb di'I"'" of microprobe analna from wall­

rock. vein and breccia hOlfcc:! IIKAOI!yrite in )be 

GJendinniA8 Deposit 

This c:rOSlplot details the inverae n:lltionship be­

tween _nie: and antimony values in different host 

lithologies from the Glendinning deposit and iIlus­

tr*, I broad nnd towards I decre_ in antim.ony 

content with inc:n:"ing _nic c:onccntration. Note 

that the highest IIItimony levell an: developed in 

both brec:c:ia and wallrock ('atratifonn ') hosted crys­

taJs. 

Aa-Sbdj'cramofmjc!'Qprobe MIJyaesfrom vejnand 

wallroc:k hosted lI'ICDopyrilcl from the Oontibret 

~ This diagram details the inverse n:larion­

ahip between antimony and _nie: in _nopyrile 

samples from the Clontibn:tdeposit in Southern Ire­

land. Note the extended rmge values in the wal1roc:k 

hosted samples and the concentration of vein hosted 

IIIIIples in the low «I 000ppm) antimony/high_­

nie: (>31 aL%) valuel. 
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At-Sbd;'V'P' ofmjcroprobe malnafrom yejp II!d 

wal!rock bOlted IQGnopyrilgL Ta1noqy agel Cajm­

lmoch Bay Depot; ... Ibis CI'OIIIpIot illuatra_ the 

extremely low concentration of antimony 

«1000ppm) jp _nopyri_ from the Talnolly and 

Caimganocb Bay depoaita. Note the increue in_­

nic content within aamplca from the Ialnolly deposiL 

As-SbdjqrlJD ofmjcroprobe malnedrqm ve;napd 

waUrock botted menopxrig. The Knjpe Depot;t. 

Ibis diagram details a general inverae relationship 

between Sb and AI. in _nopyrite aamplca from the 

KDipe cIepo.it. Noc.e the ~ Sb ancIdecre80d 

AI. content of wa1lrock hosted cryatals and rbe clus­

tering of vein bocled aamplca at the bigh AI. end of 

this compositional ranse. 

As-S dialA'D of mjcroprobe lOaly_ from 1IrItj­

form. vein pl1m;cja bggxf IIICnopyrite jn the 

Gkpdjppjnl Depot;t Ibis and the following 15 dia­

grams are praent.ed in order to qumtify the trenda 

identified previously in Fe-AI.-S triangular diagnma. 

This crouplot iIIustrUes the Itrong inverse relation­

ship between the _nic and sulpbur content of 

_aopyri_ from the GlendinninS deposit. Note the 

two p ... llel trends formed by wallrock ('stratiform) 

and veiJl/breccia boned aamples. The positive shift in 

composition within wallrock aamples (ASPS and 

ASP6) IDly be direc:dy correlated with a decreaae in 

iron IUId increued tnce element content. 

As-S di __ ofmjcroprobe lQaJ\IKI from vein and 

waJlrock bn*4 IQCQOIllIrilel. Qontjbret Depmjt 

Ibis di.- details the Itrong inverae reillionsbip 

between _nie IUId lulphur in _nopyrite aamples 

from rbe Conb'bret deposit. Noc.e the narrow linear 

trend defined by both vein IUId wallrock. boslied crys­

tals IUId rbe clustering of vein bocled IImples at the 

bigh end of this compositional range. 

.. - 144- . Aa-S djgram ofmjsroJrobe analnes from vein apd 

wall. hOltcc! IIICnopyrilg. rbe Talnotry IIJd 

Caimaaaoch BIV Deposill 

This croaplot details the IlrODg negative correlation 

between _nie IUId sulphur in _nopyrite IImples 

from both rbe TalDoIIy and Caimgarroch Bay depos-

its. Note the relaliyely narrow line .. !rends defined 

by IIIIIIplca from both deposits; !he increMe4 II'IICnic 

IUId decreMe4 lulphur values in umples from TaI­

Dolly; and the clUllfering of Caimgarroch Bay 

IImpiea at the low _nic,lhigh lulphur end of this 

compositional rmge. 

145- AI.-S dilJlllD ofmjcrpprobe lQalnes from vein and 

146-

147-

148-

waIIrock bottpd menopvriwi. The Knipe DepOIIit 

Tbia diagram details the I1nmg inverae relationship 

between _nie and IUlphur in _nopyrife samples 

from the Knipe cleposit. Note the extremely narrow 

linear trend defined by both vein and wallrock. hosled 

cryatals and the c;\usfering of vein hoated samples at 

rbe high _Dic end of this compositional range, II 

opposed to the wall rock crystals. This compositional 

range may be interpreted in terms of depositional 

temperlhft, with relaively high femperature vein 

fluida chilled by interaction with wallrock. and relult­

ing in the deposition of lower temperature anenopy­

ritea. 

As-S dialram of mjcroprobe lQalv_ frpm bmcc;i. 

bOlted lIICJ!Qpyrit.es. The Gkpdjopinll)s;posjt 

Ibis croaaplot details the strong negative correlation 

between _nie IUId sulphur in _nopyrite samples 

from breccia boctcd _pies &om the Glendinning 

deposit II deacribed previoully in diagram 142. This 

diagram differs from previous croaploll in that the 

concentration of a third variable, in this CIK Log Au 

(ppm) is repraent.ed by a proportionally variable 

symbol I •• Note the general trend towards increll­

in, gold content with decreasing _Die contenL 

As-S dialAD' of mjcroprobe analy_ from vein 

hOlted menopyrilg. The Gkndjnnjnll)s;posjt 

Thia diasram details a general invene correlation 

between _nie and 8ulphurin vein hOlted anenopy­

rites from the Glendinning deposiL Symbol size is 

directly controlled by Log Au (ppm) content. Note 

the lack of grouping of biah gold values within !he 

vein hosIied samplel. 

As-S di'P'1ID of mjcroprobe _.!yR. from w.llrock 

botII!d menOllyriWI The G!cndinninll)s;POSjt 

This crOllplotdetails the gener.1 negative correl.tion 
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between _Die and sulphur in UKDOpyrite aampJea 

from wallrock bolted umples from the Glendinning 

ckpoait u deacribed previously in di1plll142. Here 

again, the concentration of Log Au (ppm) is rcpre­

aented by proportionally variable symbol .ize. NOlie 

the wide raqe of gold values displ.yed throughout 

this solid solution aeries. 

Aa-S djlCI'IQI of mjcrpprobe analnA (rpm Im:ccja 

bOlted meDOJ!yritell. The Glendjmin, Deposit 

This crouplot details the 8trong nesltive com:latiOll 

between _nie and sulphur in _nopyrite umpJea 

from breccia bocted aampJea from !be Glendinnina 

ckpoait u deacribed previou.ly in diagram 142. This 

diagrllll diffen from previous croup1ots in that the 

concentration of • third variable. in this caae Log Sb 

(ppm) is reprcaented by a proportiOll.lly variable 

aymbollize. Note die geoeral trend towards increu­

ing antimony c:onlent with ckcrcuing _nie values. 

Aa-S djqram gCmjcroprobe anllna from wallrock 

bee"" anep'I'yrilc' The Glendinning OsIKJl;t 

This crouplotdetailathe genenl neg.tive correl.tion 

between _Die and sulpbur in _nopyrite umpJea 

from wallrock bOlted samples from the Glendinning 

ckpoait u described previously in diasram 142. In 

this plot the concentration of Log Sb (ppm) is repre­

aenlJed by proportiOllaJly variable Iymbol size. NOlie 

the trend towards increasing antimony content 

(aymbollize) with decreuing _nie values. 

Aa-S digram of mjcroprobe analya from Vein 

bosIed meDOJ!yrissa. The GIe_min, DeDOljt 

This diapam cktailll a general invene com:1ation 

between araenieandlUlphurin veinboBted_nopy­

rites from the Glendinning ck.poait. In addition, the 

.ymbol size is directly controlled by die Log Sb 

(ppm) contenL Note the grouping of high antimony 

values within aamples containing low _nic con­

centrations (ie. the low temperature end mcmben of 

this groUp). . 

As-S diagrMD gC mjcroprobe Mlalnel from willrock 

boI1!ed menopyrite. The Knipe Deposit 

This diapam detaila the strong invene rel.ionahip 

between _nic and lulphur in wall rock boalJed 

153-

154-

155-

_oopyrite samples &om the Knipe ckpoaiL NOlie 

the c1uateringofampJea at the low araenieend orthis 

compositional range, as oppoeed to their vein bosted 

counterparta(Fig.153).Astheaymbobize isdircctly 

controlled by the log Sb (ppm) content it is clear that 

higb antimony content samples are cloaely grouped 

in the lowest _nie fraction of this populatiOll. This 

corrpositiOll.1 fMIge may be interpreted in terms of 

ckpoaitiOllai temperature, with relatively high tem­

per_nrc vein fluids cbilled by the interaction with 

wallrocb and re.ulting in the depoaition of lower 

temperature, antimOllY-rich _nopyritea. 

/J,b<:' dilgram of microprobe IOIIYA from yein 

hOIl~1 V!leDOpyrile. The KDipe Deposjt 

This ':l.-.,Iot details the invcne relationship be­

tween anJCnic and lulphur in vein boated _nopy­

rite aampJea from the Knipe deposiL Note the in­

creuc in range and anenicconccntrllion incompari­

son with die wa!!rock bOlted sample. from this de­

posit (Pig. 152) and alao the clustering of antimony 

ricb umplea at the low anenic end of this composi­

tional ranae. Thil compositional range may be inter­

preted in a limilar manner to the .... 11rock bOlltecl 

cry.tala with. greater range MId muimum aUributoci 

to higbcr depositiOll.1 temperatures located within 

the vein. 

NoS dilgram of microprobe lOalya from yejp 

bOlted VKnopvrjtei The Talnolry Del!Oljt 

This croaaplot details the strong negative correlatiOll 

between aneDie and sulpbur in anenopyrite samples 

from the Talnolry deposit. Note the clultering of 

aamplca at the hi,h aracnicllow .ulphur end of this 

compositiOllal ranae. It may be observed that a1-

thouSh the I)'mbol size is proportional to Log Sb 

(ppm) content, litde if Mly .yatematie variation in 

antimony content ocx:un within this group. 

N-S di'lrun of microprobe IOllylC! from vejp 

hosted mclJOJzvrilcll. eaimlarrocb Deposit 

This crouplot dewla the relationship bctwccn __ 

nie, sulphur and antimony in _nopyrite aampJea 

from the Caimgarroch Bay depoaiL Note the cluster­

ing of samples towards the low ancnic/bigh sulphur 

end member of this compositional range. As the 
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symbol size • proportional to Los Sb (ppm) cootent, 

s subtle increuc in lIIIlimooy values i. DOlled at the 

low _Die end of this c:ompoaitional range. 

Aa-S djurllll of mjcroprobe Malya from yein 

bolted meQOPlTi..,.. The CIonQbret Dcpoait 

This diagram delail. the teladonsbip between _­

nic, sulphur and 8IIlimony in vein hoated _nopy­

rite amples from the Clontibtet depoaiL Nose the 

exttemely low level.« antimony and the lack of any 

systematic pattern of variation witbiD this c:ompoai­

tiona! range. 

Aa-S dilllJlP «mjcroprobe caly. from waJlroc;k 

bostpd W'II!nopyrW The Clopljbret Depoajt 

This croaplot de .... the IlI'on8 invene relatiOlllbip 

betweeD anenic and .ulphur in waIJrocIc hosted 

_oopyrite IIIIIIIPIea from the ClontibtetdeposiL IIA 

symbol .ize • ditecdy relaeccl to loa Sb (ppm) COIl­

lent, it • obaerved that enhanced levels of antimony 

are tiptly JI'OIIped at the low _Die end of this 

compositional range (ie. the low temperature range of 

cOlllpOlitiona ). 

G!endinninl Rcljogal Utlgeocbemjql Suney 

Area: Drajpue M. 

This diagrun decails the drainap palIem pRlent in 

the vicinity of the GlendinDins RegionaJ Study Area 

(484 sq Icm). This area. located within the central 

portion of Orduanace Survey sheet 79 (Seale 

I :50,000). Nose the NE-SW orientation of major 

tributaries in this __ and the pneral N-S orientation 

of the tertiary drainap profiles. 

G!epdiopiPl Beljogal Ylhopx;bemjsaI Sumy 

Area: Contoured Becion 

The .haded area preaented on this diaaram defines 

the mU)inl of the GlendiDDing Study Area and 

outlines the area subjected to grey-acale contour 

mappinl within the Glendinning Relional Geo­

dlemical Adas(Pip. 160-219). 

160-224 G!epdinninl Beliogal YtboJeochemjql Atlu 

The followinl lene. of 62 ma.- may be lrouped 

topthcr in order to fonn the Glendinninl ReJional 

Geochemical AtI .. Th. atlu decailsthe spatial and 

elemenlal variation prellent within the Glendinning 

survey areL Two mapa are prelented for eadl ele­

ment fOl" both greywacke 8nd mudstone lithologies. 

On the IarJcr of the two maps, 'point ... ource· po­

chemical daca i. preaenled with the position of indi­

viduallllllple .ite. identified by circles. The size of 

each circle is controlled by the elemencal value, 

.. ilned to one of four ranps (Zero to Mean; Mean 

to Mcan+1 SIand .. d Devillion; Mean+1 Standard 

Deviatioa to Melll+2 Standard Deviations; and >2 

Slandard Deviations. The .maller of the two maps 

preaented in the lower rilht hand comer of eadl pap 

defines a contoured, JRy-aca1e map of the element 

concentration with contour inlervala defined on the 

b .. isof apen:entile cl .. if'lCation using the followinl 

percentiles: 0-50,50-75,75-90,90-95 and >95. AI­

thoup the _Ii .. of the contour area cortespOnd to 

thOle defined by the Ibaded zone in Fil. I S9 they do 

NOT corre.pond with the cdp of the I_aer, ~tan­

lular survey area and point source pochemicil 

maps. Note the position of the Glendinninl Mine 

Area ("Mine"), and the villases of Eskdalemuirand 

Teviothead. Tabulated leochcmical data, IUmmary 

ItatiaticS and histoJrams related to thillUrvey area 

are pracnted in cabJcs 4.37, 2.47 and fiss 32, 33 and 

34 respcc:tively. In addition a paphic:al .ummary of 

all daca contained within this atlu is prellCnted on 

Foldout No. I. The location of individu81 IIA and Sb 

anomalie. (the main pathfindcn for sold mincr8liaa­

tion) &om this .tudy area arc pRllenled in cablcs 1.37 

(Jreywacke) and 1.38 (mudstone). Compoaite multi­

element anomalies fOl" both litholOJies are delailed in 

cable 1.39. The spatial position of \nee element (IIA­

Sb-Cu-~Zn) anomalies are defined in fil. 221 

(Jreywacke) and 223 (mudstone) where .. the posi­

tion of Na and Zn depletion anomalies are prellCnted 

in fip 222 (Sn:ywac:ke) and 224 (mudatonc). Anom­

aly sites identified by this .tudy and documented in 

cable 1.39 include: the Glendinning Deposit (0); 

Black Syke (BS); Rams Clcuch (RC); SwinGiII (SC); 

Wisp Hill (WH); Philhope Loch (PL); Cal Ril (CR); 

Greatmoor Hill (OH); R .. higrain (R); The Shoulder 

(TS); Stibbiclill Head (SH); SIeMie. Water (SW); 

Unhope Bum (LB); Phsup Bum (PB); MelSat Waler 

(MW) and Upper Stenniel Water (US). 
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GJcpdjnniog Redonal Lith_ocbcmjcal AtJp 

CGreywacke); S~ (%1 

'IDe unall ranse of Si02 valua Ioc:ated in Hawick 

Pormationgrcywacke lithologies display liUIe spatial 

Yllrialion with relalively uniform .iIK:a values 

tbroughoutthiuuc:cesaion.Slllllpleaiocloaeproxim­

ily to the mine __ display liule evideoce of.iIica 

enricieeot, and valuea are attributed to be direc:dy 

related to the detrital quartz content of the 8edimenIL 

In Compar1aoO with mudatone Iitbologiea (fig. I 90) a 

ioc:reue of 4-Swt% ia obeerved in grcywadte 

samplea. 

Glepdinniog Regjonll Lith_ocbcmjcal AtI. 

CGreYWacke); ~Q, (%) 

TIle alumina valuea defined 00 this point souree seo­

cbcmic:al map display little Iystematic variatiOll 

within the study area and bear little relatiOll to anoma­

lous, mineralisation related trace element valuea (ie. 

Aa,Sb). In general, valucs may be directly relllled to 

the clay mineral conleDt of the greywacke, and indi­

rec:tly relllled to grain lir.e of the samples (ie. finer 

grain sizc-greaacrclay mineral content). In addition. 

a strong inverse relationship may be observed be­

tween Al,0, and CaO. 

GJcndinning Regional Ljth_ocbcmical Atlu 

lOuywacke); TIQ, (%) 

'IDe aanow ranse of TIO. values defined within the 

greywacke lithologies display little spatial variation. 

SlIIIIplea in dose proximity to the mine area display 

little evidence of enrichment associated with wall­

rock alleration procellCS. TIle dose correlation 00-

aerved between Ti0
2 

MaO and Fe20, valuea may be 

directly related to the detrital ferromagneaian mineral 

cootent of the sediments. 

GJcndinning Regional Lith~eocbemjc;al Atl. 

CGreywacke); Fc,Q~ 

TIle wide range of Fe YIIlues displayed by pywacke 

lithologies are paeraUy lower tbaa their mudstone 

counter pMU and display little lystematiC variation 

throughout the lurvey area. However, anomalous 

valuca (>9S%) are dOllCly related to lites of anoma­

loul As and Sb values including Black Syke, Rams 

Cleuch and Wisp Hill. This pattem ia also rdlected, 

164-

16S-

albeit to a lesaer extent within mudstone lithologies 

(Fig. 193). Although three maio aourees of iron have 

been Identified within the greywacke (ferromagne­

sian minerala, Pe-ric:h carbonates and iron bearing 

.uJpbiclca) .ulpbidalion proce_. ..ociatcd wilb 

hydrothermal alteration are deemed to be responsible 

fOl' the oIJaorved anomaloul Fe values. 

GJcpdinninr Regjonal Lilb_ocbemical Allu 

lOum.)· NaP (%) 

The Na,O conacnt of pywacke litbologies in the 

IUrvey area display bighly COOl_tent value. with the 

exoeptiOll of depleted zones uaoc:ialied with areu of 

_oic enrichment and hydrothermal activity. Na 

h. previously been identif"Jed u inversely related to 

the mineralisation related elements As and Sb. This 

relatiooabipmay beexplaioed mineralogicaOy, as ~ 

dominant hOlt mineral for sodium within these py­

wacke is sodic fi::ldapar, which when subjected to 

hydrothermal alteration _ converted to dickile (a 

high temperature polymorph of kaolinite) and water 

together with Ibc release of sodium to ~ aqueoul 

phaae. As such, sodium depletion is characteristic of 

the mineraliaatiOll procesae. operating within Ibia 

area. Note the relatiw: poaitiOll of 'sodium holes' 

displayed on the contour plot surrounding the Glend­

inning. Swill Gill. Rams CJeuch and areallDoor Hill 

anomaly lilel. 

GJcndinninr Regionll Lith_ochemjcal Atlas 

CGreYWlCke); CaO (Ii) 

TIle large range of elevated CaO valua identified 

within Hawick Formation greywackea in this study 

area result from an the addition of a major detrital 

c:ubonate component. Thi. component displays a 

Itronr antipathetic relationship with SiO. (a 'closure ' 

effect). The high carbonale content wilbin the grey­

wackes mub the subtle effects of c.o enrichment 

Ulocia&cd with hydrotbennal alteration. Note that 

the contour plot detailll a IIlight increase in CaO levels 

in the _th westem portion of the study area. 

166- Glendinninr Rerjonll Lith_ocbemical Atlas 

CGreywacke)j MgO (Ii) 

. MaO valuel defined on tbe point_ree geochemical 

map display highly uniform contents with little sys-
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tematic vuiatioa within the _ely areL MgO values 

display a relltively restricted ranF compared with 

their finer grained mudstone c:oanterpU1B. ID .deIi­

tion, a positive ~Iation isclcttmed wilb 'depletion' 

relUDd elemenll suc:b .. Ns and FE. where.. .. 

inverse relationship is obeerved between MsO and 

byrotbennailyenricbeclelemenD8UOCiatedwitbJ.. 

Sb-Au mine .... isItioo (ie. As, Sb, Oa, Pb). The <:011-

tour plot displays notable are .. of MsO depletion 

include a nwrow beh extending from the Glendin­

ning mel Black Syke __ eutwmds to Swill GiD; 

together with lIDaIler peripbenJ ZOBel lDIIrIinai to 

the RIma Oeuc:h; Grealmoor Hill; and Wisp HiD J.. 

Sb IDOIDaIy zones. 

167- Glrmdjnpjnr ReP.aI LiIbL.Wron! Atlu 

168-

lCGywacb); KP (IJ,) 

Highly COIIIislient ~O values display a gene .... trend 

towards 10M!' values within die _til westem por­

don of the nrvey II'CL A notable exception to Ibis 

trend is an euriclment zone sarroundinl the Glend­

inning and Black Syke localities. ID Foe .... K,.O 

values are enriched within bod! JRYWacke and 

mudstone lithologies in the vicinity ofbydrolbennal 

alteration and As-Sb mineralisation, however enrich­

ment within mudstone lilholOJies are lea obvious 

and masked by bisher background levelL Examples 

of chis feaCun, arecliaplayed by the Swin Gill, Cal Rig, 

R_ Cleuch, Wisp Hill and GreIllmoorHilI anomaly 

sites. 

GlendjgnjDl Rermal LidJoacocbcmjcal Atlu 

<Greywacke); MoO (IJ,) 

Highly c:onsiallent MoO values display scnerally low 

values, IDCI an extremely nm'OW nnp Ihroupout 

the survey II'eL No spltial or mine .... isation related 

v.nation in MoO values c;an be obeerved, however 

enhanced MoO levell are din:c:tJy aaributable to 

incre_ in caO c;ootent and .. suc:h. a cubonate 

hast mineral for muc:b of die No is propmed. 

169- GlendinpjDl Rerjopal Lidqeocbemjcal AtIu 

<Greywacke); ~o., (If,) 

As with MoO, pp. values are generally low and 

display an extremely restric:II:d (vinuaUy CODItant) 

ran., of values Ihroughoat the aurvey areL A rei ... 

tively broad, Itrike p .... llel lick of 'elevalcd' values, 

tn:nding NB-SW is defined within the contour plot. 

170- GJendjpnigr Rerjopal Lilbopocbemical All .. 

<GmyytJCke). AI (ppm). 

Arsenic, the main 'pathfinder' element of _nopy­

rite bo.ted lold mineralisation in this area, provides 

an extremely useful guide to hydrothermal activity 

and As-Sb mine .... isation in this 1In:II. Previous to this 

ltUdy the Glendinning deposit w .. regarded .. a 

spatially isolUDd deposit, distant &om aU other min­

eralisation centn:a in the Southem Uplands. Arsenic 

lithoseochemic:a11tUctiea in Ibis area however, reveal 

chat the GlendiDning deposit fonna only a very lIDaI) 

pm of a muc:b I_ger mine .... isation center of mini­

mum dime .. ions IOxI~ however the eXlient of 

As-Sb mine .... isation in Ibis region is unknown, due 

to the relatively limited extent of aamplina in this 

areL The Glendinaing deposit h .. beeD the focal 

point of all previous investigations within Ibis .rea 

due to ill historical importance .. an antimony mine. 

and the lac:It of any regional scoc:hemical data out­

with the mine areL Arsenic enrichment OC(:UI'I in 

both greywaclte and mudstone lithologies. However, 

due to the higher background levels in mudstone 

lilhologiea, c:rypIic As earic:bment is more clearly 

ideDtified in greywacltes. The effocta of A. enrich­

ment an: mirrored by Sb, Pb, S, Cu and Fe (sulphide 

group elementl); K and Rb (clay mineral/alteration 

group elements): Na and Zn (depletion group ele­

ments) and KINa, KlNa+K and AJJCa+Na (alliention 

indices). This study details the presence on further 

sites ofbydrolhennal activity and As-Sb enriclunent 

which exhibit a multi-element chemical signature 

equal to, if not pater thm that of the Glendinning 

Deposit illelf. The anomaly sites identified by this 

study, and detailed in fig. 221 include: Black Sylte 

(BS) the NNE extension to the mine area; RIIIIII 

Cleuc:h (RC); Swill Gill (SO); Wisp Hill (WH); Phil­

hope Loc:b (Pl.); Cat Rig (CR); Greatmoor Hill (GH); 

Rlllbipain (R);The Shoulder (TS); Stibbiegill Head 

(SH); Stennies W*, (SW); Linhope Bum (LB); 

Fhaup Bum (PB); Megat Waller (MW) and Upper 

Stennies Water (US). A number of additionalldell 

sites have been loc:ated which exhibit evidence of 

alII:ration and/or weak mine .... isation. Griel refer-
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ence. mel element .ipiturea relatinl 10 the above 

lites .n: deQiJed in tablea 1.37, 1.38 mel 1.39. 

alJuw"*e); B. Cppm). 

Barium displays rel.ti~1y CODIiatenl valuea 

tbrouJboat the .arvey area with a pnera! treDd 

Iowarda inc:reaaiDc valuea in the _the..tcm half of 

the atudy area. Greywacke aamplea display a reJa­

ti~ly reatriclcd range of values compared wilh their 

filler paiDe mudatooc counter parlll. AIIomaIouI Ba 

valuea correlate well with ZOIICII of _Die enrida-

meal. pwticuiarly in sreywacke Iilbolop.. The 

praenc:e of low snde Pb-Zb-Ba mineraliaation in 

this relion fOl'llll the moat probable IIOUI'Ce of Ba 

enrichment obaerYed in a amaIJ aumber of sample. 

(max: 912ppm Ba) aarelatc:d to Aa-Sb-A. minenli-

GIe""jnnjal ReSjogal Ljlbcseosbemg' All. 

(Gteywtcke)· Q (ppm). 

Blevalcd Q v.luea .-e localcd in bod! the northern 

mel _them eec:tioaa of the .urvey .-ea wilb a breed 

belt of rel.tively reatricted values occ:upying the 

(lCDInI portioa of !bia ... Slighdy elev.ted Q val­

uea .n: uaocialcd wilb bod! the Gleadiaaing Mine, 

Swin Gill mel Rams Cleuch areas howe~r the prob­

lema of Q contamiaatioa duriDg aample prepantion 

invalidate the uee of this dill in 1liiy form of funda­

mental pocbemical model of miDenliaalioD. 

Followial this initial evaluation, Q w. removed 

from the analysis list mel i. not discuaed further. 

lGreywacte); Co (ppm). 

Co valuea defined on the point IOUR:C geochemical 

map display hilhly conaiatent valuea and a strong 

.yatc:m.tic variation within the IItIIdy areL Although 

Co valuea diapiay a reatriclcd rIIIIp (11-66ppm), 

anomaIou. values may be positively ccxrelated with 

.... R enrichment mel are .. ofhychlhennallCliv­

ity. Individual.ita of Co eurichment include Glend­

innins, Black Syb, Swill Gill and R_ CJeuch. The 

trend towarda hiah Co valuea tbrouPOUl all aamplea 

col1ec:ted within Stamic. W.ter, to the e.t of the 

mine area is • yet unellplained, however it does 

174-

175-

176-

reault in the deve1opmentof. m.jor anomaly zone in 

the lOulh we.tem comer of the contour map. 

GIe""inn;nr Rerjopal LiIhQUochemjcal AlIA 
(Gmywacke); Cr lopm), 

Aa observed wilhia the Southem Uplands Study 

Area, the dilcribution of Cr valuea ia direcdy related 

to the proportion of detrital Cr-bearing minenl 

pbues preteDt wilhin the aample (ic. ferrom'gnellilll 

minenla, detrital chromite, mel mafic lithocluta). 

Wilhia the Glendimina .tudy .n:. both greywac1e 

and muclatone lilhologica displ.y .imil." highly 

conaiateat valuea; a smaU, relali~ly realric:lcd rIIIIF 

c:ompoaition (49-290 ppm) and no Iyatc:malic spatial 

rel.tionahip with either atntilr.phic or minenliaa­

tion relatod trends. 

Glendinoinc Resional LithQleochemjcal Atlu 

COmVWIe"); Cu {ppm>. 

Copper v.lues within greywde IitholoSica ellhibit 

relatively coaaislent valuea over a small range (7-

7Oppm) .. oppoeed 10 more vari.ble, elevated levels 

in mudstone litholosiea. Althoulh, anomalous val­

ues in both rock type. correlate with zones of As 

enrichment, only two of the eight .ilea identified 

.bove (Wiap HiD and Ruhisnin> which contain • 

mineralised or hydrolhenn.lly .Itered leochemical 

Iip.lUre could be identified by IIIIOm.Joua copper 

valucs.1n addition, howe~r a number of isolated Cu 

aaomaIiea occur throughout the lurvey area unre­

I.ted to either Aa-Sb-Au or Pb--Zn-B. ph_a of 

mineralisation (Bee fig. 221). This distribution of Cu 

anomaUea chroulhout the lurvey area il.UribulICd 10 

the widespread occurrcnc:c oflow aradc Cu~lomite 

veins ill this reJion. 

OIeMinnjnr Rerional LithQICochemjcal AliA 

lGmVWIe")· G. (Ppm). 

Hilhly conaistenl O. valuea are displayed by both 

lithologie. within this survey areL Greywackea 

~xhibit an elltremely narrow rIIIIF of v.lues (6-

24ppm) IIOIIIeWhat lower than their finer grained 

counterparlll, and display no apllial or minenliaation 

rel.ted variation. 
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177-

lGRywarh): La <ppm). 

La values defined on the poilll _n:e pochemk:al 

map display ~ .. values md a reillively !iya­

IIematic )lllbem of v..wion. AIIbough thcae values 

display a reatriceecl ranae (I2-S6ppm) lbey are posi­

tivelycorre1aeeclwithmiMraliuUoDrelaeeclelemeDIB 

IUeb _ A. md Sb. Individual ldel of major La 

earicbmeDt include: GleodiDDiDa. Swill Gill. Wisp 

Hill RashigniD and him Cleuch. In 8ddition, the 

cootour plot displaYiIbe praellCC of a Itrib ,....tiel 

belt contlirUDg elevlted La vu-. c:roacuuinglbe 

contour map in a NB-SW direc:tiOll. 

17811- Qlcpdinpipr Rcsj_ U ........... js;aI AtIw 

(Gte".): Ni (ppm). 

179-

A. ob.erved within the Soulbem Uplandl Study 

Area, Ibedillln'butiooofNi values ilrellted tobochCr 

and Fe val1lCl. WidUD the GlendiDDiDgltUdy area Ni 

values exhibit a amaIl, ratriceecl ranae of composi­

tiOll (12-100 ppm) and display a lulllie auociatiOll 

with mineraliation. ADomaly Iita identified c:on­

taiDiDg elevlted Ni levels include: Black Syb. Wisp 

Hill. Pllaup Bum, GreIlmOOr Hill. him C1euch, Cat 

Rig_ Ruhipin. 

<Gte".); Nb <mzm). 

Highly comilteDt Nb val_ defined on Ibe point 

_ pocbemical map displ.y • relatively cryptic 

pattem of variation wilhiD Ibe atudy areL Tbeae 

values dilpl.y a restriceecl ranp (4-37ppm); are 

wealdy correlaeecl witb miocraliaatioo related ele­

meJlll (As/Sb) and positively correlated with Zr. La, 

1b, Na, KandRb. Inpneral the maximum Nb values 

are locaeecl in the Northern aeeUon of the lurvey area, 

however Ibe c:ontoar plot dispiaYI Ibe preaellCC of a 

atrikc .,.-allel belt cootaininl elev.ted Nb values in 

Ibe central portion of the di .... am. which crouc:uIB 

Ibe m.., in • NE-SW direction. 

GlepdinoiAl Reljonal Ulboaeocbemjcal All­
(Gre"tcke); JIb (ppm). 

Highly COIIIIiatent background levels are displayed 

by both pywacke md mudatone Iitbologiea. 

ADom.loua JIb values are clef'mecI on bocb mapa and 

180-

181-

182-

dilplay a cloee correl.tion with both _nic and 

copper eDrichmenL Although theae valuea displ.y a 

restriceecl ranae (O-S3ppm) individual lila of JIb 

enricbmcDt wilhiD the lurvey area are clearly idenli 

fied and minor • number of locatio .. defined. .. As 

__ a1iea in fi"I70. Tbeae silea include: SwinGill. 

him Cleuch. Cat Ril. Stcnaies Water. The Shoul­

der. LiMope Bum, Ph.up Bum _ Philhope Loch. 

Note Ibe limiIarity and relativepoaition oflbe centrel 

of mineraliaation hilhligheecl on both A. and JIb COD 

tour plota. 

GJcpdinninc Besjg UthoaocbemjcaJ Atl. 

(G,,".)· Rb (ppm\. 

Rb valuel dilpl.y a relatively restricted nnp of 

v.luea (IS-I36ppm). B1ev.1ccI Ieve" within arey­

wacke lithologiel correl.te with zonea of _nic 

enrichmenL Although Rb valuel in mudatOllCl are 

COIIIidenbly enriched in compuiaon with their 

c:oanc:r grained counterparts. !hey appear lea ICmi­

tive to the effecIB of A. enrichmeDt and bydro!hermaJ 

a1teratiOll. A number of individuallilea ofRb enrich­

melll witbin the IUrvey area mirror anom.IOUI AI­

rich locatio .. (refer to fil.I70). Theae lite. include: 

TheGlendiming Mine area, Swin Gill. Rama C1euch, 

The Shoulder. Pbaup Burn and Pbilhope Loch. 

Glcndinpiol Re.ional Ljlboseocbemjcal All. 

(GrcywlCke): Sr (mnn), 

Sr values display • seneraUy conaiateDl v.l_ 

throuJbout Ibe IUrvey arcL In seneral. mudatone 

lilbologiea displ.y IYltem.ticaily lower values than 

lbeir coaraer grained counlerpllrtl. Spati.lly. Sr val­

uea correl.te with both Ca and Mn valuea and display 

an inverae rel.tionship wilb Rb. AI. Ti. Ni. V and K 

throughout the lurvey &reL Note the seneraJ deple­

tiOll envelope surrounding both the Mine area and 

Swin Gill anom.ly Zonel. 

Glcndionina Relional Ljtboseocbcmjcal All. 

tGreywKkc); Sb (ppm), 

The Louisa Mine at Glendiming formed. histori­

cally important IOUCC of antinomy (Itibnite) and w. 

one of only two such minea in Scotland. Despite 

hiatorical exploration activity in this region the 

Glendinning deposit was regarded prior to Ibia study 
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.. a single isoIliled eumple of Ibis form at turbidite 

hosted Sb-miDenJisatioo. Antimony (Sb) forms the 

main pathfinder e~nt for qu.nz hcJu,d .a.Dnite 

mineralisatioD IDd also acta _ a 8IICOIICbry guide to 

gold mincralisatioo in Ibis area. Background levels 

ofO-lppm may be uaed to iDfcrtbatcletcctable values 

(>Sppm) clefine ~ .. of hydrothermal Sb input and 

proximity to mineralisation. lDdividual ailea of Sb 

enrichmmt wilbin the saney __ arc de_1y ideati­

tied and mirror a number of Ioc:ationI clefined .. A. 

momaliell in fig. I 70. No apparcDl vuiatioo ill back­

ground levels between mudatone and pywacke are 

obecrvccl, unlike thole displayed by araeoic. 1bia 

feature may be explaiocd by the relali..: pcrv_ive 

nature of _nie _ oppoeed to antimony mineralisa­

tion ud/or the tnmgreuive, aoacatting nature of 

Sb emplacement. Note the similarity and re1ati..: 

positioo of the centra of mineralisation higblisl*d 

on both A. and Sb c:ontour piau. Despite the low 

levels of Sb in greywacke samples, this evaluation 

dctaiIa the preaenc:e ofS farther lites ofhyckotbermal 

activity and Aa-Sb-Au enrichment, up to IOkm from 

the mine areL The aDOII1a1y lites located by this study 

are identified within in fig 221-223 and include: 

Black Syke (BS); Rams Cleueh (RC); SwinGiII (SO); 

Wisp HiD (WH); Cal Rig (CR); GrealmoorHiIl (00); 

Rashigrain(R);TheShoulder(l'S);PhalipBurn(pB); 

StibbieJiIl Head (SO); Stcnniea W,. (SW); and 

Unhope Bum (LB). The contour plot clearly iIIuI­

Intel the isolated nature of the _ of Sb enrich­

ment and hyckotbermal activity. A number of addi­

timal sites sites ba..: been located which exhibit 

eviclenc:e of alteration and/or weak mioenlilation. 

Theae sites, together with their respective srid refer­

encea and e~nt lignatures are detailed ill tables 

1.37-1.39. Note that although no direct spatial ori­

entation of Sb anomaliea is defined by theae pIau, 

bod! the Rams Cleach Swin Gill and The Shoulder' 

Raabigrain anomaly zonc:a are contained within a 

relatively narrow N-S or NNB-SSW trending zone. 

Note do, the relati..:ly small geoc:hemiealligniture 

of the Glendinning Mine area on this diagram (aanall 

Ioworclerovallhaped anomaly) incompuiaon with 

the major Swin Gill and Rams CleudJ anomaly zonc:a 

(4km ESE and 7km NE of the mine area, reapec­

ti..:ly). 

IS3-

184-

IS5-

IS6-

G!egdjnninr BeRjop" LidlOReocbemjcal Alia 

CGrcywtcke); S 

A1thoush IUlphur displays I wide range of valuel (0-

2755 ppm) a campanlClll wilb pywacke samples 

coIlecaecI from other formations in the Southem 

Upl ..... indiea..,. chat background value. are re­

markably low (mean 48ppm) within the Study Area 

(Hawick Formation). Anomaloul levels of sulphur 

defiDe ~_ aubjeded to the pocbemieal effects of 

lulphidation~uaociated with hydrothermal 

alteration aad A. .... icbmenL The maximum sulphur 

conc:eDlratioDsarclocatedwithinarelativelynarrow, 

Ilrike penllel belt, -roo, the IOUth canem margin of 

the survey r 'eL The atroag spatial uaociation be­

tweenlulph'D values andA._alies, is bealellem­

plificd witbir, b.o: Black Sike, Swin GiD and ~ 

C1euch ZODCL 

Glendjnnjo. Rc.jon" Uthou'lCbemical AtIp 

CGrcywacke)jTb 

A highly COOI_nl pattem of Tb valuea occur 

throushout the study area. No relationahip is dis­

played wilb hydrothcrmalilteration or trace e~ 

enriebmcnt _iated with A.-Sb-Au mineralisa­

tion. 

O!egdjnnjnr Be.jonaI Lithoaeocbemjctl Ad­

CGreJWICg)j V 

Vanadium displays highly CODliatent values 

throughout the lurvey area. A minor increase in COII­

centration occan within the mudstone lithologies, 

and minor enriclunenll com:late directly with in­

c~ases in Tb contenL In poeral vanadium enrieh­

meat is inv_ly correlated with Ca, Sr and Sb. 

GlendinniP. Rc.jopll Lidgeocbemjcal At .. 

CGreywacg)j Y 

Y displays highly conailtent values throughout the 

survey ~a with minor eoriehmcnll mirroring thoac 

ofTh and V. The variation in Y composition cloaely 

followa that of V and values are inv_ly c:orrel.1ed 

with Ca and Sr. In addition a weak invene relation­

ship between Y and mineralisation related elementa 

is obaervcd within the ItlIdy area, however the appli­

calion of Y geochemistry in predietinS ~ .. of hy­

drothermal alteration and rx-ible mineraliution is 
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extremely limited. 

Gkndiopio, Be,jogll Ljtlgeocbcmjcal AtI. 

CGrcywtcke); Zg {poml. 

ZiDc displaYI relatively COIIIIiAeot vllues in pey­

wackea with slighdy elevated teve .. in mudatone 

lilbologiea. Two differing relalionships exilt be­

tween zinc vlluea IDCf mineralisation m this area 

(Duller and H.vey, 1983 and 1984); The find, a 

cryptic: invene relationship between Zg and A. 11-

Iowa Glendinnill8 type A.-Au depoeir- to be c:harac­

IIeriaed by subtle leve" of Zg depletion w.thin their 

wlllrock; Where_ eecondly, anoma1owl Zg leve" 

pinpoint area of low grade Pb-Zg mr enlisation 

which die to overridinlltrUctuni CODtro.t, is often 

superimpoaed upon earlier phuea of A.-Sb-Au 

miDerlliaation. Zinc depletion is by far the more 

perv.ive of the two Itylea of anomaly lOCI may be 

ulled to identfy adepletiooZODe approximately 400m 

wide in the vicinity of the Glendinninl deposiL Zg 

enricbment is cbaracteriatic of a number of As anom­

elylilea in the IIlrvey _ including; SwinGiII, R_ 

Cleuch, Ruhigrain, Cat Rig and The Shoulder. 

Note the N-S orientated zoae ofZg aoomlliea located 

011 the contour map, croacutting the ceo&ral porQOII 

of the IIlrvey area. Simil .. zinc depletion ~ 

were located by Stone (1985) to the _It of the 

Glendinnill8 deposit in the Loch Doon area, where 

Zg depletion IICCOIDpIIIIied bod! As and Pb vein 

minenliaation. 

GlendiPniPl Be,jogll LjJboaeocbemjctl Ati. 

CGrcywecke); Zr (IIIID). 

Cons_nlb vllva are displayed in both peywtcke 

and mudstones throughoul the larvey area. A llilhl 

dccre_ in coacentntion is ot.erved within the finer 

gnined mudstone lithologies, ho_ver DO evidence 

of mineralisation related variation is obIerved. Thill 

feature may he explained due to the fact that the main 

hcslforbis zircon (bSiO.) adetrital mineral, highly 

re.iatant to the effects ef bydrodlermal activity. b 

vlluea are positively conelated with Ti, Th, Y an Nb 

and invenely correlated with Ca and Mo. 

GJegdiPnior Be,joq,wI LjJboaeocbcmic.1 All. 

CGrcywacke)j D Cpom). Over 95 ... of llisamplel 

190-

191-

192-

_lyIIed within the lurvey are. contain D valuel 

below detection limits (I-2ppm). Of the remaininl 

IIIDPIet, D levell up to 7ppm were locItcd within the 

Glenclinnin, deposit, where. values up to 17ppm 

_redetectedoutwith the Mine area anddefme are_ 

of conaiderable exploration, liven their cJoae RIO­

ciation with Aa-Sb aoomllies. SilCl ofD enrichment 

include; RIIIII Cleuch, Black Syke, Cat Ria. Wisp 

Hill and Pbilbope Locb. 

GkndiPnior BeRjogll Ljthopocbemie.1 All­

(Mud!tgpe)j SiQ, ('I) 

The followiDlleriel of 31 mudstone mapa display a 

sm.ller number of samples (0-197) that the previous 

peywac:ke mapa (_304). The small ranle of Si0
2 

vllu. identified in Hawick Fonnation mudstone 

lithologie. displ.y relatively uniform .ilica vlluea 

throughout the entire BUrvey area. Sample. in clOlle 

proximity lo the mine wei display no evidence of 

.ilica enrichment, and value. are Ittributed to be 

direcdy related to detrital components within the 

aedimenta. A decrease of 4-5wt'" is obHrved in 

mudstone samples wben compared with their inter­

bedded greywackc counterparts (fig. I 60). 

G!eodiooiP' Be,iooal LjthoJeocbemjctl Atlg 

(Mudakme)j AlJl. ('I) 

A1umin. value. displ.y little system.tic variation 

within the .tudy area and .ppe .. unrelated to anoma­

louB_nie and antimony v.lua. In general, values 

may be direcdy rel.ted to the clay content of the 

mudatone, with vlluea positively correlated with Fe, 

IC, Rb and V; and invcl"IICly related to bod! CeO, Mn 

and Sr. 

GJeodinoior Re&iopal Lithoseochemjc.1 All. 

(MudaI9ge)j TiO, ('I) 

The narrow range of Ti02 v.lues defmed within 

mudatone lithologies displ.y little sp.tial vari.tion. 

Samples in cJoae proximity to the mine are. displ.y 

. no evidence of carichment MIOCilf.ed with wallrock 

alteration processes. Marginally higher values are 

defined within the mudstone lithologie •• opposed 

to their c~r grained lreywacke counterparts. The 

cJoae correl.tion obaerved between Ti0
2

, MgO and 

Fe
2
0. valuea is .ltributed to the detrir-I ferrom.gne-
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194-

-1450-

(Mydatone): &,.0. (1Jr) 

A wide ranF of Fe valua _ defined by mudatonc 

1i1bol0Jiea, UplayiDI senen1ly higher valuel tbua 

cbeir inlerbeclcled pywecte couneerp.rtallndellhib­

itinllitde ayllemalic: v.n.,uoa tIIroupout cbe IUrvcy 

U'CL Sulpbidmoa ~ uaocialed with hy­

drotbermal ahentioa _ inlerpreted to be reapOD­

lible for cbe ot.crvcd IIIOIIIaIoua Fe valua. AD 

~ in bod! FelMI and 1./c+Ms ValUCI UIOCiated 

with ....uc caric:bmcDt lind aIlemioa providoa 

8dditional evidence of tbf adelilioa of iron from the 

bydroCbermai fluida. ADoD\Ioua valuea (>951Jr)_ 

cJo.ly lelaled to I. of A.: aad Sb caric:a-at. 

iac:ludina:Blac:kSyke,RMbipainaadR..Clcuc:b. 

GlepdjopjOJ Re,_ Y!boJeochemj&e1 AtIu 

(Mydatppe): NaP (5) 

The Na.O c:oDlent of mud.toac JitholOSiea in the 

IUrvey uca clilJllay hiahly c:ODIialent valUCI, ellc:cpt 

in proximity to __ ofbyclrolbcnoal ac:tivity wllele 

NI depletion fonna a c:haraclerilltic:: feature of the 

miacralilina pre C~I'ca. Na ... ~viOUlly beeo iden­

tified_ invcnely relaled to hod! AI lind Sb anomaly 

ZODCS. Note cbe lelalive position oflOclium 'clcpletioa 

boIcI' clilJllayocl 011 the contour plot Iurroundina cbe 

Gleodinnio" Swio GiD, R.M C1cuc:h, PlMup Bum, 

Unbopc Bum, StibbiesiD Head end 0rcaIm00r Hill 

anomaly zonca. 

195- Ghpd-OJ Be_" Ljlhoposhsmi£.el AlIM 

<Mudatqge); CaO (5) 

A hishIY vuilble, divcnc range of CaO val_ ... 

iclcntifiecl within Hawic:k Formalioa mudstone Ii­

cbo!opea in IhiI study _L Io oompariaoD widt 

studiea el-"ere in cbe Southern UpiMCk, elevated 

CaO valua iclcntifiecl in Hawic:k Formation IitboJo­

lica leIult from cbe 8ddition of a detrital c:arbonale 

componeat.- In bod! -8fCYWIICke and nwdstone li­

cboJosies, ClIO v,,_ display altroD& inver. lela­

tionahip widt Si0
2
• H_ver, in mudstone urnplca 

CaO coric:bmeot ... mole cuily .aoc:iated widt the 

efl'cc:la of hydrothermal aheration and miner" __ 

tion. Anomalous CaO vaJuca _ obaervcd in the 

following lites: Glenclinning, Swin Gill. Phaup BUill 

and Rams C!euc:h. 

196- Ghpd-OJ Re,jopII Lilhoseocbemic:al Atlg 

eM ........ )· MaO (5) 

MaO v"_ defined on the point source seoc:bemic:aI 

IIUIp dilplay highly uniform contents and little sys­

lematic variation. MaO valua dilJllay a relatively 

enlarpd c:ompositional ranse c:omparcd wilh their 

COliriel' pined peywacke counlerpllltll. MgO dill­

plays a positive CCIITClation with 'depletion' lelaled 

clements such _ Na and Fe, and .. invcne relation­

abipwilb miDcral .... lioacnric:bcdeJcmcn .. iac:luclins 

AI, Sb, CIa and Ph. The contour plot displays notable 

__ of MgO depletion iac:lude a o.-row belt clllcnd-

ing from the Glendinning and Black Syke arca 

eastw.-ds to Swin Gill; topther with amaller periph­

eral zonel musiaal to the RIIDI C!cuch; Greatmoor 

Hill; and Wisp Hill AI-Sb anomaly zones. 

197- Ghpdinpjnl ReIP" Ythoseocbemic:aJ Atl. 

(M.IoDe); KJ> (5) 

Relatively c:onaialent ~O valuel _ cliapl.ycct 

within this study _L Anomalous ~O values IMY 

be uacd toclcm an enrichment zone lurrouncling die 

Glenclinnins, Black Sykc and Rama Clcuch Iocali­

tiel. Io poeral ~O values _ enriched within both 

grcywackc aad mudatonc lithoJOSica in the vicinity 

o(hydrothcrrnalalleration lind AI-Sb mineral .... lioD, 

~vcrearic:hmcnt widtin mudstone lithologics arc 

Icaa obvious and muked by hiJber backSround lev­

cis. 

198- Ghndinnj", Rc,jopal YthoJeoc:bcmjeal All. 

(Mgdstqge); MoO (5) 

Hi,hly conaislent MnO v"ucs display an elltrcmely 

Darrow ranF Ibroughout the lurvey arcL No spatial 

or mineralisation 1e1.1ed variation in MnO values arc 

be observed, howevcr enbanc:ed MoO levels arc 

cCll'lelatc with increues io CaO content and a suc:h, 

• carbonate boat mineral for much of the Mn is 

199- Ghndinnin& Reljon" Lithouocbcmjcal All. 

(Mudstone); P2W (5) 

AI wilh MnO, pp, values arc generally low and 



610100.000 

SCALE 
INTERVRL 

IS 
10 2 

UNITS 

59100 . 000 

GLt.NOINNfNG 

-

I-

+ ESI:OALEHUIR 

-

I-

1 

W 
N 
171 

~ 
<> 
<> <> 

1 

0 

0 o 0 

o. ( 

<; 

0 
0 

~ 

1 

\J§r 

fE.203 SHRLE 1: 100000 

0 

~ 
0 

) 

0 . 
ofll>OOcOQoo 0 

0 0 
0 

+ T!V ItllHlRO 

0 

t§> 

0 
0

0 6 
0 

0 
0 

0
0 

·0 

00 0 ~ 'b.o• 
0 00." 0 .. 

o 000 0 0 0 

0 
0 

;) 0 . 0 0 

0 
0 0 0 

0 
0 0

0 0 

0 0 go 0 

n 
0 0 

0 <P o~ 
0 

0 

0 

0 0 

::>.00 Qo 00> 

00 0 0
0 

0 
0 

Oo~ 

~tHINE 00 
0 

~ 0/0> 

0 
0 

'l. 0 . 000 

Q 0 

0 8 
0 

0 

~ 0 0 
00 

I+BE~lPAI~ 1 , I , I I 

SCALE INTERVRL IS 10 2 UNITS 

<'l 

0 

0 

I L 

."" .. ... 

~ 

I 

w . ... 
~ 
<> g 

0.000 

o 6. 409 

o 9.596 

o 10.763 

t:g 
H 
Q 
c:: 
!::d 
t:rJ 

\.0 
\.>I 

..... 
~ 
\J1 ..... 



61 £00. ')00 

SCRLE 
INTERVRL 

IS 
10 2 

UN I TS 

:i9 Ioo . ooo 

f!3 

GL E. NO I NI\j 1 NG NR20 SHRLE 1: 100000 

-

0 
e-

o . 
l- . . 

0 

o QO ooo 00 0 0 «) 0 

+ T£Ii~' HlAO 

e <Y 
0 00 

0 0 . 
0 

f- . 8Cb~ . . 
0 o • o. 'Ia . 

'" 0 0 c- o 
f- 000 

0 00· 
0 o g 0 0 

·0 
. • 0 

0 0 . .0 . 
0 0 

~o 
0 

0 

0 0 
0 .0 • '!. 0 

0 
0 . 0 

I- o. ocO + ES':ORLEMU IR 0 <>00 0 
0 0 0 0> . 

f- ,cO' 0 

~HI NE 0
0 

0 

0 
<9 

l~ 0 '0 
0 

0 0 O·CO 
0 

I 

u 

'" '" o 
? 
o 
8 

I 

• . 
& 

I I 

~ . . Q 
0 

0 
rP .0 

00 

I+BE~TPAr~ I I I I I I 

SCRLE INT ERVRL IS 10 2 UNITS 

!;> 

0 

0 

I 

J 
. ~ ./ 

0' 

I 

~ 
-> p ., ., ., 

0 0.000 

o 1.011 

o 1. 341 

o 1. 683 

~ 
H 
Q 
c:: 
::0 
t:z:j 

~ 

\.0 
I~ 

---~!I~ 

...... 
~ 
\JI 
N 
I 



61 200 . 000 

SCRLE 
INTERVRL 

IS 
10 2 

UNITS 

59100. 000 

\~$J' 

GLENDINNING CRD SHRLE 1: 100000 

~ 

0 

0 
0 

0 

0 

0 

0
0 

0 
IIttO 0 00 0 0 0 

0 
0 

+ lev l'OlHlAO 
6' 

0 
0
0 8 

0 0 
0 

0 

0 o Cb 0 
0 

o 0 
0 o 0 (000 

0 
00 '0 0 • 0 

0 
0 

00 0 
o 000 

0 
0 og 0 

~ . 0 0 0 
<- 0 

0 
0

0 - 0 

0 <-
00 0 

0 
Q 

0 
o U'" 

'-T 

0 
C

C 0 

0 

0 

I-
0 0 

0 00 00 
0 + ESKOALEHUIR 000 0 

0 0 0 
~ 0 

~Hl:E Q, 0 

0 

~~ 
0

0 
0 

oEJ '0 Dooo 0 

~ 

l-

I 

u 

'" '" o 
? 
o 
o 
o 

I I 

0 
0 

0 
0 

I 

g 0 

" 8 
~ 

0 

cj 00 

0 0 

I+BE~TPRI~ I I I I I I I I 

SCRLE INTERVRL IS 10 2 UNITS 

( , 
~~ _.t" 

~ 
~ 

~ 

~ 

0 0 

I I I I 

I 

u .. ... 
p 
o 
c 
o 

o 

o 

o 

o 

0. 000 

2.269 

S.lIB 

B.167 

I-:g 
H 
Q 
c::: 
::0 
txJ 

\.0 
\.n 

~ 
\11 
~ 
I 



b1 200. 000 

SCRlE 
INTERVRl 

IS 
10 2 

UNITS 

591oo. Qoo 

GLENDI NNING 

-

I-

I-

I-

+ ESl:DALEHU I R 

I-

-

I 

l::l 
'" !5 
.:> 
o 
<> 

1 I 

0 . 0 0 

0 0 ( 

~ 

0 
0 

& 

1 

/ . -. 
~>t 

MGO SHRLE 1: lOOOOO 

0 

0 
0 

0 D 
0 

0 

0:>0 00000 0 0 

o 0 
0 

+ T!!vHlT HE AD 

0 8 
to> 

0 
0

0 
0 

0 
0 

0 
0 0 

0 
0 0 

0 g %'00 

0 0 0 \ 
0 '" 

0 
0 00

0 0 o· 

0 0 0 0 0 
0 0 0 0 

0 . 0 0
0 0 

0 0 0 
80 

0 
0 

00'0 0 OU 
0 

0 

0 

0 0 P 00 Q.O 00> 0 
0 

00 

~. Co " 

0 

~HINE 00 0 

~ 0/

9 
0 

0 

'0 0 
0 0 00 

Q 0 

0 8 0 
0 

p 00 

00 

,+BE~ IPAr~ I I I I I 

SCRlE lNTERVRl IS 10 2 UNITS 

~ 

0 

0 

I I 

r.. ... J 

~ 

I 

I 

w . 
.,j 
o 
? 
.:> 
<> o 

o 0. 000 

o 5. 341 

o 6. 315 

o 7. 266 

t-:g 
H 
Q 
c! 
::u 
txJ 

~ 
~ 

~ 
\J1 
~ 
I 



61£00. 000 

SCRlE 
INTERVRl 

IS 
10 2 

UN ITS 

59100 . 000 

I 

GLENOrNN1NG 

-
\ 

f-

f-

r-

-

+ ESI:OALEMU I R 

1 

w 
N 
0> 

~ 
0:> 
o 
o 

. 
0 o • 

O~ ( 

<; 

o c 

Q 

1 1 

•. ...., 

K20 SHRlE I : 100000 

0 

q 
0 , 

0 . 
t)Oo cpo o· 0 

. . 0 0 

+ T!V ItlTHtAO 

0 Q 
C> 

0 
O· 

0 

0 
• 

0
0 0

0
0 cu, 

0 0 
0 

0 Oo~ 0 
o ~ 

o 00 0 0 0-

\? 
0 0 0 

0 • • . 0 
0 • 0 

o • • 
0 ( . 0 

80 

r. 
0 0 . c9 0<0 

0 

0 

0 

0 • 
P. 00 ceo 0

00 
0 

0 

00 0
0 0 

O>Q. 0 

~MINE ·0 0 

~ 0

0 0 . 
v u~ 

q 
0 

°000 

(~ 0 

0 
0 

8 
0 

a 00 

00 

I+B[~TPAr~ L 1 

SCRlE INTERVRl IS 10 2 UNITS 

(lI 

I'l 

0 

C-

1 1 

w .. ..... 
o 
? 
o 
o 
o 

o 

o 

o 

0. 000 

3. &\6 

4.1 19 

4.142 

I-:Ij 
H 
Q 
c:::: 
!:d 
tz.j 

\D 
-..1 

~ 

~ 
\.11 
\.11 
I 



61 200 . 000 

SCRLE 
INTERVRL 

IS 
10 2 

UNITS 

59100. 000 

GLENDINNING 

f-

f-

I-
0 

I- 0 00 

o. c 

I-

f-

f-
+ESlCOAlEHUIR 

f-

I-

0 
0 

l) 

f-

f-

l-

I I 

u 
~ 
? 
8 

() 

MNO SHRLE 1: 100000 

0 

0 
0 

0 
~ 

0 

0 

,000 0 00 0 % 
0 

o 0 

+lI!VRllHEAO 

8 
<!I 

0 0 
0 

0 0 
0 

0 

00 
0 0 : Oo.,o~ 

00 000 ~ 0 

" 0 0 0 

& 
o 000 

0 
o Q 0 0 0 0 

0 0 0 0 0 0 

0 0 00 0 
0 ... 

0 0 
0 (J o \ 0 

0 
0 

0 0 
0 00 00 

0 000 0 
0 

<D 0 0 0 

:PO~I1I:E 0 0 
0 

0 0 

~ 
0 0 

,,~ 't 0 
°000 

8 0 

0 8 
0 

0 

J' 0 0 

0 0 

+BE~lPAr~ , I I , I I 1 I I 

SCRLE INTERVRL IS 10 2 UNITS 

8 

" 

0 

I 

'---. 1 

~ 

I 

" 

u .. .... 
o 
~ 

8 

o 0.000 

o 0.087 

o 0.123 

o 0.159 

f:tj 
H 
Q 
c::: 
::0 
t.:t:j 

\..0 
Q) 

~ 

~ 
\.J1 
0"1 
I 



61 200.000 

SCRLE 
INTERVRL 

IS 
10 2 

UNITS 

'!iS l oo. OOO 

GLENDINNING 

I-

I-

f-

f-

f-

I-

+ ESKOAlEHU I R 

I-

I-

I 

:.:l 
0> 

~ 
o 
o 
o 

I 

0 

0 00 

0 0> C 

0 . . 
0 

I 

\' .. / 

P20S SHRLE 1: 100000 

0 

0 
0 

0 

0 

0 

OfJOO 0000 0 0 <b 0 

+ T~ RlTt£1ll 

0 ~ 
<9 

0 
0

0 
0 

0 

0 

0 o~ 0 
0 0 

0 
o 0 

0 0 ~ 0 
• <boo • 

0 00· 0 0 0 

0 
0 0 0 0 . 

0 0 0 0 
0 0 

0 0 0 0 

0 0 

80 
0 

0 
0 0 

0 00 o ~ 
0 

0 

0 

0 0 

0 0 0 
000 

00 
0 0 

0 CDo a 0 

1-.., 
~HINE 00 0 

~ 
0 0 

0 0 
0 'b cr • 

0 °000 

~ 0 

0 Q 
0 . 

,p 0 0 

.0 

+BE~TPRTI1 I I 

SCRLE INTERVRL IS 10 2 UNITS 

9 

0 

0 

I I 

l. , ~ J 

~ 

I 

I 

... .. .... 
~ 
o g 

o 0.000 

o 0. 182 

o 0. 202 

o 0. 222 

I-:oj 
H 
Q 
c:::: 
~ 
t.xJ 

\.D 
\.D 

..... 
~ 
U1 
-..l 
I 



--.\ 

-1458-

display ... extremely n:a1ridocI .... of valuea 

throu,hout the BUrvey ilia. 

GJendiupjAl Reljmyl Ljth ..... jr.el All­
lMudstogel; Aa (pgn). 

A eli __ ion of the hiatorical, geochemic:al mel miD-

eralogical c:harKteristic:a rellIlina to the GlenclinDins 

cleJx-it me preaeDted in the text accompmyin, fil' 

170. Within the study ue elevUcd -me val_ ue 

located in mucktone umplea (max l45ppm) _ op­

poacd to their ~r pained pywllclte c:oanfer­

parts (max 6S ppm). A DUmber of lites of As enrich­

meat have been IocIted within mudatoac Iitbologiea 

in .ddition to the uomaIies identified within arcy­

wICke aampIca, includina: The Shoulder (TS), Sten­

nies Wiler (S), StibbiegiU lInd (SH), Unhope B1IID 

(LP) mel Phaup Bum (PB) (rem to fi,223 mel 224). 

(Mw'''PDr)' BI (pgn). 

Barium diaplays relatively ~*nt val .. 

throughout the IUrvey area with a general tRod 

towards inc:reMing valuel in the southeastem half of 

the atudy ueL Greywacke aamplca display a reJa­

tively restricted range of valua compared with their 

finer pained muclstonc counter parts. ~aIoul Ba 

valuel exhibit some correlation with zoo. of_Die 

enrichment. Note the N-S orientated zone of Ba 

anomalies diapla~ on the contour map. extending 

from Swia Gill in the aouth, through to Ruhi.,.m 
and The Shoulder, in the north. Low grade Pb-Zb-Ba 

mineralisation forma the amajoraource ofBa enrich­

ment in the lurvey area and ia often IUpcrimpoacd 

upon e.1icr AI-Sb-Au minoraliaation phaael due to 

the continued PC of the _structural controla and 

fluid pathways. 

202- GJendmna Relional Uth_ocbemjctl Atlas 

(Mudstooe); CI (pJ!In). 

BlevUcd CI valua ue located in a broad dialonal 

belt trelidin, NNB-SSW aclOlll the BUrvey ilia. . 

Sli,htly elevated CI val_ ue associated with both 

theGlendinnin, Mine, SwinGiJI, Wisp Hill, Philhope 

Loch and Rama Cleucb ueas however, .. noted 

earlier, the problema of contamination durin, sample 

prqIU'ation invalidate the IIIIC of thia data in any 

geochemical model of mineraliaation. 

203- GJepdipnipg Region" Ljtboaeocbemical At'" 

CM'!""!!"C); Co (pgn). 

Co val .. defiDed on the point _FCC geochemic:al 

map display highly variable values and a strong 

ay*mlltic variation within the .... dy area. Co valuea 

within IIIIICIatom JiIhoIoJica display a ali,htly en­

Iarpel oompoaitional ranse (13-76 ppm) .. oppwed 

to their inlerbcddecl JFCYWacke countcrperta (range 

11-66ppn). AnomaIoua Co valuea correlate with 

- of _Die caricbmcnt, with maximum value. 

contained within the celllral portion of the aurver 

mea, in proximity to the R_ Cleucb, Cat Rig. The 

Shoulder ... Raahi.ain lDCIIDaIy ZOIICI. Other lites 

of Co enrichment, outwith thia central zone, include 

Black Syke ... Pbaup Bum. 

204- GJeacliJmin& Relioul Ljdqeoclv;mic.. Atl. 

(Mudstone); 0 (ppm>. 

Within the Olenclillllin,ltuciy area both greywaclte 

and mudatone litbolopldisplay limilar, highly eon­

aiatent Cr valuel; Mudstone litholo,ies diaplay • 

mucb narrower range of COIIIp08itiona (! 00-188 

ppm) than theirinterbcdded areywacke counferpartl, 

with the maximum values apatial concentrated in a 

atrike parallel belt, oc:c:upyin, the north_*m half 

of the IUrvey ueL No mineralisation related trenda 

ue obaerved. 

2OS- GJeaclinniOI Relion" Litb_ocbemjcaJ Atlg 

(Mudstone); Cu (ppm). 

Copper values in mudstone litbologia cxhibit rela­

ti~ly variable valuea ovcr the range (S-I09ppm) u 

oppoeod to the more ltatic, lower levels displayed by 

areywackea. Note, the grouping of Cu anomalie. in 

the central portion 01 the study uea (Iimilar to the 

trend identified by Co anomaliel in Fi .. 2(3). It may 

be obaerved that anomaloua C. valuea correlate with 

_ of AI enrichment. In particular. five litea 

(Black Syke, Stennies Water, The Shoulder, 

RMhi,rain and Greatmoor Hill) containing a miner­

alilOd multielement geochemical signature are also 

identified by anornalOUI copper val_In addition, a 

number 01 isolated Cu anomaliea are identifJcd. unre­

lated to either As-Sb-Au or ~Zn-Ba Fochcmical 

anomalies, and are attributed to the widespread oc­

currence of low grade Cu-dolomite vein mineralisa­

tion in this region. 
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~ Glmdjppjna BcJional Ulhopochemp' AtIu 

CM""''P'r); G. (ppm). 

HiChly consislent G. valuca are displ.)'ed within this 

survey Ire. (rmae 7-36ppm) with Valuel llighdy 

higher than their coaner srained counterparts. 80w-

ever DO sp.tial or miDeralisation re\uecf variation is 

obeerved. 

'JIJ7- GleodUmin& Rcpogal LilhoFocltemjcal AtlM 
<Mudstone); La (ppm). 

La v.lues defiDed on bod! IIIIJII display rel.tively 

consistent values and • systematic pl1lei'ii of vari­

.tion. In Fneral, mudstone values display ID ill­

c:reue in back ground Valuel (ranF 28-6Oppm) 

compared with their coaraer pined coanterp .... 

(ranae 12-56ppm). Subde eoriehmeOD of La corre­

laic with aneoic enrichment aod anomalies of oCher 

mineralilltioo relalcd elcmcoD IUch IS Sb, S, K. Cu, 

Ph aodRb. Blcvatcd La valuea Ire c:ooc:entrated in the 

vicinity of the Glcodioning and Black Syb Ioc.tions, 

with additioaal anomalous values Ire located in the 

vicinity ofbodt Rams C1euch and Phaup Bum IDOID-

aIy zone. 

208- Gleodinninr Relional Lithoaeocbemjcll Atlas 

(Mudstone>; Ni (ppm). 

Within the Glendinning study Ire. Ni v.lues exhibit 

ID iocrcuc in background values (rIDge 0-222ppm) 

compared with their coarser gr.ined Jreywac:lte 

counlierparts(rlDge I 2-100 ppm) and displ.y IIUbtle 

associ.ion with ~ enrichment and mineralisation. 

E1ev.ted Ni v.lues are concentraled within. strike 

p .. aIlel belt occupying the nordtwesllem half of the 

survey area. Within this belt, anom.ly sim contain­

inS elevated Ni levels include: Black Syke, Rams 

C1euch and The Shoulder. In addition, nolle the N-S 

orientation of Ni IDOIDIlies in the central portion of 

the survey Ire. and the cooceotr.ion of minor 

anom.lies imrnedi.lcly SW of the Glcndinnins de­

posit. 

209- Glegdjnpjul Repgal LitboJeocbcmjcal Atlg 

,Mudstone); Nb (1IIID1. 

HiShly conainent Nb values defined on the point 

aource geochemical map display. rel.tively cryptic 

pattern of variation within the study _L Nb v.lues 

display. slight incre_ in t.ckground levels (mini­

mum IOppm) in comparilon with their inlcrbedded 

peywacke counIerparll (minimum "ppm); _ 

weakly correlated with mineralilllion relaled ele­

menD (AalSb); and positively correllled with z.., La, 

111, N .. K and Rb. 

210- Glendinnior Relmal LithoaeocMmjc.1 .\lIJa 

,Muda!ppe): PIt (pgp>. 

HiShly consistent backpound levels Ire displ.)'ed 

by both peywacke and mudatone lithologies. 

AnomaIoua Ph values Ire clef'med on both maps .nd 

display a cJo.e correlation with both _nic and 

copper enrichrnetL Mudstone v.l_ cliaplay II' m­

JarpcI compositional range (5-209ppm) in com'" ri­

BOD with their interbecldecl peywacke COIIote"..~ 

(0-53ppm). Individual sim of Ph enrichment within 

the IUrvey Ire. _ clearly identified IDd mirror • 

number of IocaDooa clef'tned IS It. lDomaIies in 

fiS.I70. Tbeae lilea include: Swin GiD, Rams Cleuch, 

Cat Ria. The Shoulder, Stennies Water, StibbiegiU 

Head and Phaup Bum. Nole the limilarity and rela­

tive position of mineralilllion ceotreI hiShlighted on 

both ~ and Ph contour plota, and the N-S orientation 

of 1DOlD.1iea in the centnl portion of the study _L 

211- Glepdinnjol Reljogll LilhopocbemjcaJ All. 

(Mudil9l!e>' Rb (ppm). 

Alchough Rb valuel displ.y • relatively diverae range 

ofv.lues (64-182ppm) compared to their greywaclte 

COIInterp'" they appear Jeas ae .. itive to the effecD 

of ~ enrichment and hydrothermal alteration. A 

number of individual litel of Rb enrichment wilhin 

the lurvey are. mirror anomaIovs It.-rich locatiCIIII 

(defined in fil.I70). on- litel include: Black Sylte. 

RUllI C1euch, The Shoulder, Phaup Bum, Rashisrain 

and Philhope Loch. Note the concentntion of minor 

vllues to the immedi.te SW of the Glendinning 

deposit, and the Fneral NNB-SSW orientation ofRb 

anom.lies crouc:uttins the Glcndinnins deposit on 

the contour plot. 

212- Glegdjpnjna Rein UtboaeocbcmjcaJ AtIg 

CMudstooe); Sr (ppm). 

Sr displ.ys senerally cCllllillent values throughout 

the lurvey Ire" with mudstone lithologies displ.ying 
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aysIICmaticaIl;y lower valuca (20-278ppm) dumlbeir 

p)'Wech c:ouDlelplll1B. S.,.aaJI;y. Sr values ~­

'* with bodl Ca ...t Mn values ...t eli • .,. _ 

invenen:lationshipwith Rb.AI. TI,Ni, V...tLNoee 

Ibe deplctioa eDveiopc .. rrowIdin, bocb the Swill 

Gill Ed Glendinniaa -'7 zones. 

213- GJsmding:. Rc&ioMl Udgeocbcmical AdM 

CM"de,onr)' Sb CpgD) 

The Lou .. Mille -' GIeadimiD, formed a bistari­

call)' important IOUCC or aotiaom;y (aliboite) Ed wu 

one or only two ncb mines in Sc:otIaad. Despite 

bistoric:aI CXploraliClll activit;y ill tbia n:gioa the 

Glenclinai.' I deposit w. n:,udecI prior to Ibis atad;y 

u a _,Ie i.1OIIIIcd example of tbia form 01 turtridiIe 

hosted Sb-t..~lihIiaation. Backpound levels of ().. 

2ppm ma;y be uaed to infer that detectable valuca 

(>Sppm) define an:_ of hydrothermal Sb.t and 

proximity to miDeraliaation. Despite the low Jcvels of 

Sb in mudstone aampIea. this evaluatioa details the 

presence 01 8 further ailea of bydrothermal activit;y 

and AI-Sb-Au enricbmeat in the 1UrVC;Y an:a, up to 

I~ from the Louisa Mine. Thee enomaly .ilelan: 

.--ted in fi,223 Ed include: Raa. CJeuch (RC); 

Swill GiD (80); Wisp Hill (WH); Gn:amoor Hill 

(GH); Raabipain (R); Phaup BIIm (PB); StibbiesiU 

Head (SH); and SteDDiea Water (SW). The CXlIIlOur 

plot clearly illuatralell the isolated natun: of the zones 

ofSbenrichmentandbydrotbermalactivity. Notethe 

n:lativcly amaIl JCOchemic:alaipiture of the Glend­

innin,-Swill Gill anomaly zone and compare this 

with bocb the Wisp HiD. Stermiea Waler. R.m 

Cleuch, RubipsiD and Pbaup Bum anomaly zones. 

(Mudstooe): S (pooll. 

Sulphur values in muclatone aamplea displsy a n:Ja­

tive reatric:IecI ranac of composition (O-592ppm) ill 

compariBoa with their pwacke counterparts «().. 
297Sppm). Anomaloualevels oIsulphurdefine an:_ 

:-mbjlllc:tlld 10 tbe-~of Alpbidatioi. U80Ciated 

with hydrothermal a1tenlioo and AI cnricbmeiL 

TheIle inc:hIde: Swill GiD. Ruhigrain. The Shoulcler­

Pbaap Bum and Rams CJeuch. Note the coneentatiClll 

of anomaloua IIIIlphur valuca in the tributaries of the 

Swin Gill zone. -' the aovtbera margin 01 the study 

an:L 

215- GkgdjpnjDl Rc,jopaI Ulhop>r.bcmjgl Allu 

CM"""onr); Th (ppg). 

JIiably_iateDtpaacmofTh valueaocellrtbrough­

out the ICUdy an:a willi mudstones displaying minor 

earidunenta in composilion (ranac 0-3Oppm) com­

p..ecl with their inter-bedclDd p)'Waclte c:ounter­

.,.... Slishll;y elevated Th levels occupy a strike 

.,.-ralel belt 011 the DCII'thweItcm fln of the survey 

an:LH_vcr.nodin:ctre\ationahipwilhh)'drother­

mal alleratioa or As-Sb-Au mineralisatiClll ia dis­

pla;yed. 

216- GJsmdinnjpr Rcajoul YJboaeoc;bemicai Allu 

CM"""noc); Y (ppm). 

V ..... ium display. highly conaiatcat valuca 

throupout the survey _ .. with maximum valuca 

CCIIlCCntrated in a strike parallel belt occupyinS the 

northwestern flank of thia an:L A minor increaae in 

coneentrabClll oceun within !he mudstone lithoJosiea 

in compariaClll with !heir iDterbcclclecl p)'W1dte 

countcrp .... minorins incre_ in 110 conIenL Ja 

seaeral V8l1adium enrichment is inveraely corn:lated 

with Ca, Sr and Sb. however note the subtle enrich­

tnent of v .. adium values in prOllimity to !he G1end .. 

inainS Mine an:a. 

217- GlendingiPI RelionN Lidqeoc;bemjgl AdM 
(Mudstone); y (ppm). 

Y displays hiShly conaialent values throughout !he 

survey _a (range 21-S7ppm) wilh minor enrich­

tnenta minoring thoae of 110 and V. V uiations in Y 

composition an: inveraely correho&ed with e .. Mn 

and Sr. 

218- GleMinniPI Rc,iona! Litbopocbemictl Atlu 

(Muc!stonc)· 741 (ppm). 

Zinc diaplayallisbtly elevacd levels (range 18-718 

ppm) in mudstone lithologies in comparison wilh its 

interbedded pywacke counterparts. Zn enric:hmcnt 

is characteristic of a number of As MOII\IIly .ites in 

the- nrvey an:a including: StibbieSill Head, 

Rabisrain, Cat RiSIllCi The Shoulder. Ja addition, 

741 depletiClll silea (_ fiS. 224) include: Glendin­

nina. Upper Stennieawliter. Swin Gil~ RIma Cleuc:h, 

Wisp Hill and Pbaup Bum. Simil .. zinc depletion 

proceasel were located by Stone ( 1985) to the well of 
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219-

GlendiDDing in the Loeb Dooa!llea, wbeftl Zndeple­

tion IICCOIIlpuUed both A. and Pb vein minenlisa­

tion. 

Glendinning Bcgjoul LidlOJleocbemjcal Atl. 

CMucIstooc); Zr fpgn). 

ConsistentZr val_are displayed in both peywaclte 

and mudstones throughout the survey uea. A slight 

dccreue in concentration is observed within the 

mudstone Iithologiea (raase 99-262ppm) bowever 

no evidence of mioenliution ftllalied variation is 

observed. Zr values _ positively com:laIed with n, 
Th, Y IDNband inverwely com:laIied with Ca and Mn. 

220- . Glegcfinnjgg Regional Li!lqeochemjcal AtlM 

:Mudstone)· D (ppm). 

221-

Over 9S~ of all samples analyaed within the survey 

_a contain D values below deliection limits. The 

_ainina D values are weakly com:laIied withAl, K, 

Rb, A. and Sb (ftlpftlaenting both clay mineral and 

sulphide boIIts). Sieea of D enrichment within 

mudstone lithologies include: Black Syke, Rams 

Cleuch. Ruhigrain, The Shoulder, C. Rig and Wisp 

Hill. 

Glepdinning Regjoqa! Atlas· Multi1::lement Gftly­

wacke Anomaly M..,. This map pRlaents a lum­

mary of composite multi-element anomaliel located 

within peywaclte aamplea from the Glendinning 

Study Area, as defined by the elements Aa-Sb-Cu­

Pb-Zo. Note the _II number of lingle element 

anomalies PftlAent within the Iludy area. Details of 

each individual site including name, grid ftlfcftlnce 

and multi~lement signatuftl _ .--ailed in table 

1.39. The IIKI8t sipificD eiaht IiIIea within th. 

ltudy __ identified by a one or two leiter abbre-

viation IIld include: Glendinnina (G); Black Syke 

(BS); Rams Cleuch (RC); Swin Gill (SC); Wisp Hill 

(WH); Philhope Loch (PL); Cat Ria (CR.); Gftlatrnoor 

Hin (GH); Ruhigrain (R). A number of additional 

_. .1IIlOIJIaIy me. weft:identified·in studiel of mudstone 

geochemistry within thil !Ilea and are .--ailed in 

Fia. 223. The liles include: The Shoulder (TS); Stib­

biegill Head (SII); Stenniea Water (SW); Unhope 

Bum (LB); Phaup Bum (PB); Mellat Water (MW) 

and Upper Slenniel Water (US). 

222-

223-

Glegdjooing Regjopa! AtIM; Multi~lement GreY-

ncb; Dsp!etjop Mil!. 

TbiI map .--ts a lummary of element depletion 

liles .IOCI 10 characteriae the location of zones of 

hydrotbennal ectivity in pywaclte samples from 

the Glendinnin, Study !lleL The location of lites of 

Na and Zn depletion _ indicalled by diamond and 

circle Iymboll, respectively. Note the exteuive zooe 

of lOdium and zinc depletion in the Glendinninal 

Black Syke -a; the zinc depetion at Swin Gill; and 

the extensive lOdium depletion at Rams C1euch. In 

addition, pIe_ note that a number of zonel of hy. 

drothermal bleachinl (observed in hand lJICCimen) 

!lie PftlAented on this diapmn ulinl a Itippled oma. 

_nt. 

GJegcfippiPI Regional AtIN; Myltj~lcmcp' 

Mydstope Anomaly Mil!. 

nu. map prea9nU a lummary of composite muki. 

element lIlomaliellocalied within mudstone aamples 

collecled from the Glendinnipl Study Area, AI de­

fined by the elements Al-Sb-Cu-Pb-Zn. Note the 

larse Dllll'lber of lingle element anomalies contained 

within mudstone lithololiel in cODllrut to the much 

amaIIer number of lingle element __ maliel defined 

by lreyackes (Fig. 221). Details of each individual 

lite includina nune, arid refeftlllCe and element Iii­

nIllIre _ PftlAented in tables 1.38 and 1.39. Six ad­

ditional lia of altention and mineralisation are 

identified on this map by a one or two letter abbrevia­

tion IIld include: The Shoulder (TS); Stibbiegill Head 

(SII); Stcnnies Water (SW); Linhope Bum (LB); 

Phaup Bum (PB); Meggat Water (MW) and Upper 

Stennies Water (US). 

Glendinning Regional AtI,,: Myl,j~lement 

Mydstope Depiction MIR. 

This map Pftlaents a lummary of element depletion 

lites used 10 charac:leriae the location of zonea of 

hydrothermal activity in mudstone samples from the 

··Olendinni, Study !lleLThe location of litel of Na 

andZn depletion are indicated by diamond and circle 

Iymbols, respectively. Note tbe pftlaence ohodium 

depletion highlighting the position of the Glendin­

ninl !Ilea and pointing to zone. of hydrothermal 

activity 10 tbe IOUthweat of the main mine !Ilea. Aa 
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with the grc:yw.:1tc &amp .. , zinc depletion is a 

cllllnctcristic oldie SwiDGill, Fhaup Bum and R ... 

Cleucb ZOIIC8 when:. 80dium dcpletioo is I~ in 

the Wisp Hill, Linbopc Bum, StibbiesiU Head, 

Mcgpt Waller, and Upper Stconiea Water and Stat­

rue. Waller ailes. 

225-265 Sgulhem Uplands Gte". QeocbemjlJrY i 

Hiato_ 
The FoDowina 40 di..- display aummary histo­

srams for e8Cb element and ratio determined by this 

1tUcIy. Suoples have been cluaified and sorted into 

one of eight petropphic:.lly dildinet formatiOlll 

within the Soadaem Uplands. Bac:b figure display. 

individual hiatogramll for all eight formatiODl, dis­

played over the _noge in order to aid ac:ompui­

lOB oftheirreapective chemistry. Althgugb the range 

is .imBar for ellCb formation, for each element, the 

IICaIe bar (on both the left and right band margin of 

each plot) ailed to indiclllie the frequency is variable. 

'Ibeae hiltoar- compliment the compositional 

envelopea defiaecl in fip. 56-69 mel provide addi­

tional informllioa on the distribution of element 

valUCI within eacb formation. Note that the eight 

grc:ywacte formaDOIII may be nbdivided into two 

maiD cat&Jorica in order to aid ~tatioa: Vol­

canic derived formatiODl including the Marc:hbum, 

Bla craig, Scar and Pyroxe_. FormatiOlll and 

Cntonic: derived formatiODl includina the Afton, 

Shinael, Intermediate and Hawick Formations. In 

additioa, Ibe Hawick Formatioa containl a major 

carbonate component not prellent in the other Forma­

tiOlll, which baa !be cffiIcct of diluting other compo­

nents mel resulta in !be _ignment of a 'volc:anic' 

c:bemic:al aignatun: to this fOl"llllltioa. Geoc:bemical 

data relating to tbeae formatioaa are preaealed in 

tables 4.53-4.63 with conaponding aummary ltatia­

tic:a in tablca 2.47-2.57. 

225- SO!Ithem \bt .... Gn:xwtcb HjItop-amsi SiQ, 

-The volc:ank MaR:hbum,Blackc:raig, Scar and Py- -

roxenoua FormatiODI display notably lower, nega­

tively skewed SiOl population ill compuilClll with 

their cratonic counterp .... 1n general, all hiatopml 

display highly kurt distribution. Note the low Si dis­

tribution of the Hawick Formation. 

226-

227-

2211-

229-

230-

231-

232-

Southem Uplands Gn:vwacke Hjatog£IIDI! A1.P. 
Little sy.tematic varilltion in ~O. composition is 

observed between volcanic and cratonic formatioDi. 

Southem Upl", Gmywac.ke Hiatopama: IiO. 

A p.-al docre_ in Ii di.tribution ocean ':1'081 

the ._ion with volc:aaic formationa displayilll 

relatively higher populatiODI than their juxtaposed 

cratonic: counter paftI. Note the positively skewed 

distribution present in the Marchbum Formation. 

Southem l1p!yds Gn:XWtcb HiItoJDmli fc,Q, 

The Fe content of volc:aaic: derived formations dis­

play relatively hiallcr value. than their cratonic: 

counterparts mirrorina Ii distributioaa with a trend 

towards deere_ing coOlpOlition acrou the .uccea­

sion. 

Sou!hem Upl- GteywlCke W.tomms· M&O 
MgO values doaely follow that of Ii and Fe with the 

highest value. and widestdiltribution occuring in the 

volcanic derived Marchbum Formation. In general, 

volcanic compositioaa are 1.5-3.K higher than the 

distribution of juxtaposed cratonic sediments. 

Southem Uplapds GrexwlCke W'tgl"lPlIi CaO 
CeO contents vary l)'ltematic:.lly throughout the pet­

rosraphic units, and with the exception of the Hawick 

Formatioo, cratonic: derived grc:ywackes have 2-3'" 

lower contenll than their volc:aaic derived counter­

p .... The Hawick Formation is bowever, character­

iaed by the highest Ca content of any formation in this 

study due to a .ubltaatial input of carbonate from the 

IIOUICC terrain. 

Southern \btl_ Grexwacke WItgUMJI' Na,Q 

The Na content reflects variatiODl in petrography 

with the distribution of volcanic derived grc:ywacl.e. 

up to 0.8'" higher than their cratonic: counterputl. 

The effects of Na depletion aaoc:iated with hydroth­

ennal aai\Qty are D10It clearly obaerved in the cra­

tonic Afton, Intenncdiate and Hawic:k FormabOlll. 

Southern Uplands Grexwacke WlIOl"lIDIi K,Q 

Systematic differences in distribution ellisl between 

the cratonic: and volcanic derived fonnatioDi. In 
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FIGURE 225 MARCHBURN SCHINNEL 
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FIGURE 226 MARCHBURN SCHINNEL 
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FIGURE 227 MARCHBURN SCHINNEL 
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FIGURE 228 MARCHBURN SCHINNEL 
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FIGURE 229 MARCHBURN SCHINNEL 
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FIGURE 230 MARCHBURN SCHINNEL 
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FIGURE 231 MARCHBURN SCHINNEL 
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FIGURE 232 MARCHBURN SCHINNEL 
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pnenlthe volcanic: fOl'llYdona display mcm val_ aon of volcanic derived peYWEkea 3O-ISOppm 

0.5'1. Iowcr 1b .. 1beir cntoaic ~ biJber IUD their jUlIlIIpWed a.OIIic: COUDlicrplll1a. 

BlevalDd Cr vaIDCa (up to 1J00ppm) characten.e 

233- SlIIliacm l.lR ........ QmDt.:ke Hi ..... ; MnO bach the Muchbum Formaion and indicate _ uln-

AItboup the MnOconteatiap:acrally low (~.25 .. ) b_ic: contribution from the _ licrrain. 

sysIcmatic vui.ions betw.D cntooic and volcanic 

derived pyw8Cke formations exist wilb the former 239- SlIIliacm lhIlanda gmvwack" HiIi5lP'W" QI 

relatively depicted with rapec:t to i.. vobnic Volcanic derived pywKb formations display 

COUDtcrplit. The _an volcanic COIIIpOBition ia FIt- alipdy "levalDd Cu populaaona comp..-c:d to their 

erally 0.05'1. bisher than cratonic formationa. cratonic counlier parta. Anomaloua Cu values lire 

relalicd to a v.nety of differing Itylea of minenliaa-

234- S2IIIIIGm l.lRl11JIIII Qmvwacke If.iatommai fJ2, aon aDd identify tarp .. of pouible exploration inlier-

This fipre ilhucralica the highly conaiatent distribu- ell. 

Cioa of P20. valuea wilhiD aU f~ Note the 

elevMed valuea within the voJc.Uc MlU1:bbum For- 240- SIIIIbcm lhIl_ gmmm Hi ........ · g. 
r 

maaon. Highly cClllllialical Oa values .... displayed through-\ •• ...1 

out all Formatioaa with volemic formaioDl (3-

235- S2IIbm l.lRIIIISII ~Dt_S HillQlI:lllllli AI. 4ppm) hipr than their jUlIlIIpWed cntonic oquiva-

Bolla the minimum IIIICI mean Iw conIeDt of py- lenla. 

wackea from theBe formaCioaa lie cloee to, if not 

below the analytic:a1 detection limit of the XRF (2- 241- SlIIlbam lhI ....... ~mm Hiatopmsi L.a 
3ppm). The mean compoaiCioa of volcanic derived SyatanaIic: v";ationa in La conlcntoccur lhrouJhout 

pywllCkea ia 1-2 ppm lower than !bat of cntonic all formationa with cratonic derived pywackea 

aampIea. Note the ne,atively ab~ highly turt exhibitio,levela 10-15 ppm areater than their vol-

(leptolturtic) distribution of values. canic: COUIIIierparta. 

236- SSISIIbcm l.lR11IldI Gtevwacke HiIlQIP'-i BI 242- S2II1bcm llRI_ ~mm HiItoJrupa; Hi 
Altboup there ia no ayidemalic vuiltion in Ba C0D- A pncnl cIecrc..a iu Ni conlienta of crItonic forma-

lient E~ tbia aucceaion, iadividual formationa tiona ia identified, with populatioaa 4O-6Oppm lower 

exhibit aignificant contraata with jUlIlIIpWed uaita. than their volcanic COUDllcrpma. The Marchbum 
r, 

Nolie the major inc:reaae in Ba conIeDt witbia the Formation is cbaracteriaed by extrctnr:ly bip Ni 
-,/ 

Inliermedillle Formation. val_ (>2SOppm). 

237- SSISIlbsm lhIllDIII gmm_ Histopgwi ~ 243- SSISIthem l.lRIanda ~m_ HiatolQlPli HIz 

The Co content is hiJbly v";able duough all forma- Systematic v.,;.aona in Nb conlient occur through-

tiona. Volc:anicderived pywackea arc OIl averap5- out all formaions with volcanic: derived populationa 

8 ppm lower than their juxtapoaed crltonic oquin- 5-'5ppm lower than their jUlItapoeod cntonic 

len ... Note !be bimodal distribution of values dia- couotcrputa. 

played in the Shinncl, Pyroxenoua and Intcrmedialic 

Formationa; and the rcatricted compositional ranI" 244- SlIIbm l.lRIanda gmX~lIlks HiIl5lP"Dl!; 82 

within the Hswick Formation. . Hiply coaaUtcm Ph valuea oc:c:ur within aU forma-

tiona. No aylllicmalic variation is obaened between 

volcanic and cratonic forma.., however anoma-

238- SSISIbm l.lRI_ ~Dt. HistoJ-i Q: IoUI values indicalie the proximity to mineralisation. 

A systemaac trend of clec:reaing Cr values occun 

throu,hout the .... died Formationa with !be diatribu-
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FIGURE 234 MARCHBURN SCHINNEL 
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FIGURE 235 MARCHBURN SCHINNEL 
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FIGURE 236 MARCHBURN SCHINNEL 
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FIGURE 239 MARCHBURN SCHINNEL 
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FIGURE 240 MARCHBURN SCHINNEL 
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FIGURE 241 MARCHBURN SCHINNEL 
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FIGURE 242 MARCHBURN SCHINNEL 
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FIGURE 243 MARCHBURN SCHINNEL 
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FIGURE 244 MARCHBURN SCHINNEL 
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8!!11lbr;m VR""'" Ore"_ Hitto .... • Rb 
A ayidemlbc mcn:.e in Rb v .... an: ob.crvecI 

Ihroupout .11 formatiom, with volcanic derived 

populatiolll 2D-3Oppm lower tbaa their juxe.pc.ed 

cratonic c:cMIlIICrpUta. 

246- SOII!bem Up""'" Om",",*, Hisaoppw; S 

A lyatemetic deere_ ill S ~ is obeerved 

tbroupout all formatiGol, wi1b vok:1IIic: populati_ 

200-1000ppm hip values than !beir juxe.pc.ed 

cratoaic _tlerperJa. Note thai the Hawick F0rma­

tion ilc:hanctlerilledby \ow IUIphar v.Ita (dOppm) 

wbichan:iavcnelycom:latedwida .. ~c.o 

content. 

247- Soglbem UpJ."", Omyww;ko HittolVt1D.h Sb 

Theb.cltpoundlevelofSban:ebc,ifnotbelow&he 

cletectiOD limill ofJbe XRF (1-3ppm). No vll'iatioo ill 

antimony concentratiOlll ere oa-rveci within tbeIII 

formatioas, howe~ OD &he ... of • statistical 

__ toftbis data the .venpllllimooy CODat 

of the volcanic formatiOlll wen: fOllnd 10 be 0.4-

1.6ppm lower than th.tdcfined for !be cntonic UBi ... 

248- S!!IIIbem Upl""" Gmvwacke HiItopma. Sr 

Systematic vllrilliollB in Sr conIent occur throuJhotlt 

.U formatiOlll with vobnic derived populatiOlll 

130-2OOppm hi'- than Ibr;ir cntonic dcriwel 

counterp.u. Note the divene ranae of VlI_ pn:s­

eat ill !be Merchbum Formation aad the hiJhly n:­

stricted ranp ofval .. in !be Hawiclt Formation. 

249- 5CN!bem Up .... Grcyww;ko HiIto..,· Tb 

A conainent paaern of Tb val_ occur thrOllpo.t 

!be lucceaion with volcanic derived p:ywllCkel 

.-raIIy 4-6 ppm lower ~ their juxlapCMed cra­

tonic COllaterpull. 

SCNthem U"","" Orcyww;ko HiItolA'Mi V 

A IYItematic: dccreMe in V CODIicDt OCCUR Ihrouah­

out the individual f~ with vo1ctnic derived 

.Dill exhibitin. CCIDCCIltratioal SO-IOOppm biper 

th ... their juUpOeed cratonic CCMlnterperlI. 

251- SCNIhcm Up''''''' Om"de HiIto ..... · y 

Y".I_ ere lUshly consistent !hrou.hout all fonna-

252-

Ii_aaddisplay oolylltlematic vari.tion. Tbc hip .. 
val_ Ioc:aeed within any formation an: contained 

wiIhiD the Intermedi.te and Hawiclt Fonnation. 

SWcbem Up ....... Grcywackc HillplrlDlli z" 

A .yataDatic varialioa ia Zn content ia obaerved 

tbrouaJaoat all fonn.tioaI with volcanic deriwel 

p:ywackel diaplayin, populllion8 10-3Oppm 

hi..., than !beir juxtapo.ed cntonic couaterparts. 

253- SW!bem VR'w+ Ore"_ Hjstopma. Zr 

A ayllemllic vllriation in Zr content occun Ihrouah­

out all fonnatiODl with volcuic derived p:ywllCkel 

displayin, populati0Dl100-15Oppm IowerlhanjulI­

e.pc.ed cratonic uniIL The Hawiclr. Formation dis­

pl.yaliaDificaatly lower val .. then eltpected when 

compared 10 the: adjacent Intermedille Formation. 

A fKIor which may be .ttributed 10 tbc: dilulioa 

effecllC8Uaed by &he addition ofl 0-1''Ai cubonaJe 10 

&he Hawic:t (WeDIocIt)Formation areywdCl. 

254- SOVIhem Uolyda Om". Hi!!lpJpmli All$j 

HiJhly COIlIiatent AllSi dillribuliCIDI display no IYs­

tem.1ie vari.tion between the individual fonn.tiona. 

2SS- S!!IIthem Up" ..... Grcyw. Wttopn!li KIN. 

Wgbly consilleat JCJN. distributions an: defined by 

all form.tions with ayIItIemIlically lower valuel l0-

cated in vok:anic derived fonnatiOlll _ oppoaed 10 

!beir cnIODic couDJerpwta. Note the low, elltremely 

Darrow [lilac of values diapla)'ed by the BIKkem. 

Formation. Blevated KIN. val .. llerve to illustrate 

the eft'ecll of hydrolhennalKtiVity, sodium deple­

tion/polaaium meJasomatiam, and provide. UIleNI 

iDcIeII of minc:ralisation potential. 

Southem um .. Ore". w.topwnsi KlKtN. 

A ayllemalie varillion in KJK+N. content occun 

throupout .11 formationa with volemic derived 

P:Y"'Kkea displaying populations n:latively lower 

...... tM jUll..-cl crlUlnic caunterp .... Thia r.tio 

ia c10aely ..ociated with the: JCJN. ralio defined ill 

Fig. 255 and may 1110 be .... 10 identify the: effecta 

ofbydrothermal activity. 
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FIGURE 245 MARCHBURN SCHINNEL 
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FIGURE 246 MARCHBURN SCHINNEL 
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FIGURE 247 MARCHBURN SCHINNEL 
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FIGURE 249 MARCHBURN SCHINNEl 
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FIGURE 250 MARCHBURN SCHINNEL 
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FIGURE 251 MARCHBURN SCHINNEL 
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FIGURE 252 MARCHBURN SCHINNEL 
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FIGURE 255 MARCHBURN SCHINNEL 
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FIGURE 256 MARCHBURN SCHINNEL 

: : = 

----
f f 
S - S . : . 
! -- i - ::: 

i j - -
" 

8 " 8 
0 § 0 § 

AFTON (KIRKCOlM) PYROXENOUS 
: : 

~ 
~ 

~ 

-
j 

------ f 
f S 
S == . . ; i 

"; 

i j -- -
i 8 8 

8 8 .,; ! .,; BlACKCRAIG § INTERMEDIATE 

.. .. !! !! .. -
::: 

------- f , ---S - ~ .. 
. =- ; ; = I: . 

~ •.. ' ! = ::: - -
i --- ::: : 

II 8 8 8 
0 ! ,; § 

SCAR (PORTPATRICK) HAWICK 

.. .. ~ .. .. 

-
-----
--------~ , -- f --

S -- " ~ . § ; . 
i ! --- .. -
i 

::: 
: - -

~ 
8 ~ 

8 g g 



.. , 

257-

-1522-

Soulberp Up!""" Greywackc HiItopma. KtHa 

The totalalblii conent of all peywacke f~OIIII 

cliaplay a biPly van..,1e fmae ol v .... .nih vol­

canic derived IlnilB exhibiting a wicler range and 

hisher maximum values !ban their cntoaic couater­

plrta. 

258- S!!!Ithem Up",+ GrmrtckclfPtarwpa· RblSr 

LiaJevuiltioninRb/Srcontentoccundvoupoutail 

formatiOlll, although v01cllDic derivocf peYWlCkea 

displaying populatiolll aligbtJy higher !ban their 

jUlltapoeed cratonic counterputa. 

259-

260-

S!!!Ithem Upl_ Greywteke 1fiatoJrama· M,tFe 

A Iylllematic variation ill Mg+Pe conent occun 

Ihroughout all fonnationl wilh volemic derived 

peYWlCkes displaying populatiOllll relatively higher 

Ihan cratonic counterparta. 

S!!!Ithem tJpIegde Grmytckc HiItolAQlli FeIM& 

Highly CODIi*nt Pe/Mg diitributiOllll occar wilhin 

aU formatiOlll with the _allest fmP of va1uea dis­

played by the Hawick Formadon. 

261- S!!!I!hern Upl_ GRywacke Hiatomgwi NjICo 

A Iy*mlllie varilllion in Ni/Co conent OCCUIII 

262-

duougbout aU fOl'lllaliou wilh volemic derived 

greYWlCka displaying relatively higher populatiOlll 

chan their cratoruc cOIner partI. 

S!!!I!hern Upl- GRywacke HjaIoarams' ZrINb 

Subtle variationa in Zr/Nb c:onIeDt_ noted with vol­

canic derived fonnatiOllll displaying relatively 10wer 

populatiODl chan their jumpoaed c:r1&oGic coullfer­

plrta. 

263- Southern UpJ- Greywacke HisJoaranwj La/X 

AJthough variable, a sy_malic pattern ofLe/Y Vlri­

ation is obKrved within all formatiODl, with volcanic 

derived unillch.lCterised by relatively 1owerdistri­

-butions !ban their cratonic counterputa. 

Southern Upl", Grcywacke HjItopnw. NblP 

A SYlemllie variadon in Nb/P conent occun 

duoughout all fonnatiODI with volcanic derived 

greywackea displaying relatively lower distributiODl 

Sou!hern Up!egde Greywacle Hi.W ....... · NbIY 

Variationl in Nb/Y conent mirror Ihoee ofNb/P(Fig. 

264) with volc.aic derived grcywackea displaying 

populations relatively lower than !heir cratonic 

couneerparta. 

266- Oeo!OJjca! Mp of !he Ngrtbern Sectiop of the 

BhM ol G.lknm <Mer Weir· 198,5; IOd 

Kalliaa 1969) 

This !DIp displaYI !he relalive poa~dons of differ .. 

petrop'IPhic formations identified by Kelling (1969, 

1971) in the northern ba1f of the R''Iinaa olGanoway. 

N_ the relative positions lit the ConewaD, 

KirkcoJm and Pot1pIlrick Fonn';01 ••. 

Bhjoga of Gallgway LjlhgFgchemjcaJ All-

Tbe reaulIB ofa pocbemical study of 279 peywac:b 

aamplea coIleeted during a coastal traverae of the 

wealern margin of the Rhinna of Gallow.y _ pre_ 

aellled in !he following aeriea of29map'. 'Theae m.,. 

may be grouped topther 10 form a multi-element 

lithogeochemical ad_ of chis region. Individual 

sample sites _ repreaened by cirelea, the size of 

which ia directly proportional to concenlration, ad 

controlled by the percentile rlDplI (0-50, 50-75, 75-

90,90-95 and >95 .. ). M.jor variationl in chemical 

compoaition _ attribued Ioclifferencel in the petro­

graphic character of individual greywacke forma­

tiODl, and the cryptic effCC:lI of hydrothenn.1 .Ilera­

lion and Aa mineralisation. The sharp contralt in 

values produced by the juxtaposition of volcanic and 

cratonic derived peywacw is clearly displlyed by 

Iy*mlllic variations in Iymbol aize acl'Olll the trav-

erae. The acaIe ol each !nip is displayed by the I Un 

tick marks OIl the _!hem and _lIlem llIea and by 

!he 1O!cm Jfid covering the study _a. The Corae­

wall, Kirkcolm and Portpalrick Formation (Kelling 

1969) _ aynonymoua wich the Marc:hbum, Afton,. 

Scar (Portpatrick basic) and Shinnel (Ponpatrick 

acid) Formltiona of Floyd (1983). In addition the 

pwition of !he (Siluri.) Pyroxenoua, Intennediale 

and Hawick Formlllions _ identified by chis study. 

A graphical summary ol!he chemical dall contained 

within Ibeae maps is preaened in fold-out no. 5. 
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FIGURE 257 MARCHBURN SCHINNEL 
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FIGURE 258 MARCHBURN SCHINNEL 
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FIGURE 260 MARCHBURN SCHINNEL 
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FIGURE 262 MARCHBURN SCHINNEL .. .. =: ::: 
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FIGURE 265 MARCHBURN SCHINNEL 
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FIGURE 266 
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U,7- Rhjgm gfGalIoway Id!bopx;'nnP' Atlu; SiD, 

Slwply coo ........ lyaematic vuiaiou in SiOz 

c:oncenln!icJa may be ued to identify the poUioI!I of 

jUKa.po.d volemic IDII cratoaic derived areYWdc 

uni" widUn the RhiDas of Galloway aurvey areL 

Formati_ identified by .... map include the C-­

wall, Kirkcolm, Portpatrick, ShiDDel, 1Ci1fiD .... 

Queensbury mel Hawick FOI1IUItiooa. NOie the low 

268-

val_ ..ociatecl with vok:anic uDill • oppmed to 

their bigher cratoaic COUDterparli. 

Bhjmw gf GaI!cnm YJboaeocbemical All.· A1.P. 
Systematic vnliom in AlP. c:onceatraliOll may be 

uaed 10 ideDlify the relali"" poaitiOD of the C-Wall, 

Q-bary and Hawick Pormations within the 

RhiDna of Galloway lurvey areL No differenliatiOll 

between the JCin:oIm. Portpa1riclt IDII Shimel For­

matiOlll could be made -ina Ihia elemeoL NOie the 

relati""ly low val_ uaociated with vokMic UDi .. 

as ~ 10 their bilher cratonic couDlcrpllrll. 

269- Bhimw gf GallowaY Ljtboseocbemjcal Allp; TJQ2 

Sharply c:ontrutinl vuiatioal in Ti02 COD~nt may 

be ulled to identify the bounclaria between the C-­

waD-Kirkcolm; Kirkcolm-Portpatrick; 1Ci1fil1 .... 

Queenabury; .... Q\leeDibury-Hawick FormaIiOIII 

in the Rhinos of Galloway IUrvey areL Differentia­

tiOll between the Ponpatric:k mel Shianel Formati_ 

however, was DOt poaaible OIinl the c .... in~'" 

aelectcd for tbia diaanm. Note the hilh values 180-

ciatled with volcanic uni" as oppoaed to their rela­

tively lower cratonic coun~rpartL 

270- Bhimw gf Galloway Lidqeocbemical All.; fcA 
Systematic v.-iatiolll in Pe2o. concentratiOll may be 

ulled 10 identify the relative poaition of the C-Wall, 

ICirkcoIm, Ponpa1riclt, Shinnel, IGlfillan, Queena­

bury and Hawick Formations within the Rhinos of 

Galloway aurvey area. Note the relalively high val_ 

uaociatled with volcanic unita as oppoaod to their 

lower craIUlic counterputa. 

271- Rhjpm pCGlDow" Ytbqc!c!cbemjcaI Ad_; MaO 

Sharply contrastina, systematic vuiations in MsO 

cooleDt may be uacd to identify the poaitions of both 

volc:anic and cratonic deriwd greywacke unita 

within the RhiDns of Galloway. Formation bounda­

riel identified by thil element include the C-wal1-

Kirkco1m; Kirkcolm-Portpatrick; Shianel-lCilfillan, 

ICilfiI~DIbury and Quoeoabury-Hawiclt Por­

mation boundaries. NOie the eKtremely high MaO 
val_ ..ociatecl with volARic unill as oppmed 10 

their lower cntonic: COUD~rparII. 

272- Rbipm of GallllWlY Ydqegcbgpp' Atlas· Nap 
Cootrutinl variati_ in Na,O content may be uaed 

10 identify the boundariea between the C-Wall­

Kirkcolm; K.irItcoJm..Por1patricJt; Ponpatrick-Shin­

neI; Shinnel-lGlfillan; ICilfiDIll-QueeDibury; and 

Queeoabury-Hawiclt Forma!iona in the Rhinna of 

Galloway survey areL Note the relatively high val­

- uaociatled with volcanic uni .. _ oppoaed 10 their 

lower cratonic COUDterpua. 

273- Rhjmw of Galloway YtboBegsbpmjcal AII-; CaO 

Subtle sylilematic variation in CaO con~nt occun 

tbroup out the Rhinos survey area and may be uaed 

10 identify the poamon. of both voJcanjc and cntonic 

derived greywacke unita. Ponnation boundariea 

identified by tbi8 elemeat include the C-waI1-

Kirltcolm; Kirltcolm-Portpatrick; Shinnel-lCilfillan, 

ICilfillUl-Q\leeDibury and Queensbury-Hawick Por­

mation boundarin. NOie the eKtremely high ClIO 

val_ uaociatled with the cntonic derived Hawick 

Formation greywackea. 

274- Shin, of QaIloway Ythoas9CbemjcaJ Ad.; KJl 
Contrasting variations in K,O content may be ulled 10 

identify the boundariea between the ConewaU­

ICirkobn and Portpatrick-Shinnel Formati_ in 

the RhinDI of Galloway. 

27.5- Rhions of Galloway YdaopocbmnjClI AII-; MoO 

Sharply contnlting, ayatematic variationa in MIlO 

content may be ulled to identify the poaitiODI of both 

volcanic and cralonic deriwd greywacke uni .. 

within the Rhims of Galloway. Formation bounda­

riel identified by this element include the CorIewal1-

ICirltcolm; IGrItcoim-Portpatric:k; IGlfillan-Queena­

bury and QueeDibury-Hawick Formation bounda­

ries. Noce the relatively high MIlO values UIIOCi.ted 

with volcanic unita in the northern aectiOll 01 the 
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A LITHOGEOCHEMICAL STUDY OF THE RHYNS OF GALLOWAY, SOUTH WEST SCOTLAND 

FIGURE 267 
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A LITHOGEOCHEMICAL STUDY OF THE RHYNS OF GALLOWAY, SOUTH WEST SCOTLAND 

FIGURE 268 
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A LITHOGEOCHEMICAL STUDY OF THE RHYNS OF GALLOWAY! SOUTH WEST · SCOTLAr~D 

FIGURE 269 
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A LITHOCEOCHEMICAL STUDY Of THE RHYNS Of GALLOWAY, SOUTH WEST SCOTLAND 
FIGURE 270 
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A LITHOGEOCHEMICAL STUDY OF THE RHYNS OF GALLOWAY, SOUTH WEST SCOTLAND 

FIGURE 271 
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A LITHOGEOCHEMICAL STUDY OF THE RHYNS OF GALLOWAY, SOUTH WEST SCOTLAND 

FIGURE 272 
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A LITHOGEOCHEMICAL STUDY OF THE RHYNS OF GALLOWAY, SOUTH WEST SCOTLAND ' 

FIGURE 273 
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A LITHOGEOCHEMICAL STUDY OF THE RHYNS OF GALLOWAY, SOUTH WEST SCOTLAND 

FIGURE 274 
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1 : 325,000 (32mm = 10krTi) 

C - CORSEWALL FORMATION (MARCHBURN) 
K - KIRKCOLM FORMATION (AFTON) 
P - PORTPATRICK FORMATION (SCAR) 
S - SCHINNEL FORMATION 
Kf- KILFILLAN FORMATION (PYROXENOUS) 
Q - QUEENSBURY FORMATION (INTERMEDIATE) 
H - HAWICK FORMATION 
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A LITHOGEOCHEMICAL STUDY OF THE RHYNS OF GALLOWAY, SOUTH WEST SCOTLAND 

FIGURE 275 
200 210 220 

MnO (\.Jt I.) 

o 0.000 

o 0.080 

o 0.090 

o 0.110 

o 0.140 

o 0.160 

1 : 325,000 (32mm = 10km) 

C - CORSEWALL FORMATION (MARCHBURN) 
K - KIRKCOLM FORMATION (AFTON) 
P - PORTPATRICK FORMATION (SCAR) 
S - SCHINNEL FORMATION 
Kf- KILFILLAN FORMATION (PYROXENOUS) 
Q - QUEENSBURY FORMATION (INTERMEDIATE) 
H - HAWICK FORMATION 
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276- Rbjpm gf Gallow" Litbopoclppia' AdM; flO. 

Syaemlllie Vllriations iD Pzo, conc:entr'8Iioa may be 

uaccI to ideatify the reJ.a'Ve poaiCiollofthe ConewaU, 

Kirkcolm, Portpalrict, Shilmel, Kilfillaa, Queer. 

bury aod Hawick FonD8IionI within the Rbinaa of 

Galloway lIIrVey IrCL Naec the relllti'Vely hip 
valu. MSOCiated wilb volcanic anita _ CIppc.ed to 

their lower cntoDic c:ouatcr .,.na. 

277- Rbm ofGaUoway ylbcp!Cbemicl! Ad_; AI 

Extremely low -me Vllues «3ppm) occur within 

all greywde formatiOllll &om the RhiaaI of Gallo­

way Itady _ AnomaIoaa _Die val_defined at 

throe main ,ita IOUth ofPortpalrick are diacua.d in 

detail in the foDowiDa diapam. 

278- Detailed mltqerq!!nt of ArMnic 'PAD". 

Sovthpat of PC!I1pIIrick 

Th. cfiasnm pramta a partial enlarpmeat of the 

RhinDa of Galloway -me map (Pi8-277) c:overiDa 
an area I Ox2Otm IOUIb ofPonpalridt, containina all 

major _Ric anomaliea located wilbin Ibia reaioo, to 

dare. -ra-e _itca II'C idenlifiecl conl8iniaa momaIOIII 

_nic values, includina: Morroch Bay, Cairnsar­

roch Bay and Greonm Point. The Caimprroch Bay 

anomalica have been evaluaeecl in detail by the author 

where IIlOIDIIOUI llleaic values were traced to a 

aerie. of quartz-_nopyritc 'Veins aod wicIeapread 

_nopyritisation at the marsina of a amaH COIDpOII­

He ipcoua inlnllion <ace pl.1 32 and 33). 

279- Rbin. gf Galloway Ydqeocbgpjsel Ad_; Ba 

ContnItina v.illtionl in Ba c:ontent may be uaed to 

identify the bounduiea between the ConewaU­

Kirtcolm; Kirkcolm-Por1paIrick; Ponpaaric:k-Sbin­

nel: Shinnel- Kilfillan; Kilfil~bury: and 

Queenabury-Hawick Formationl in the RhiDna of 

-Galloway nrvey _Note the elevated values _ 

280-

ciaeecl with volcanic UDitI_ oppoaed to their lower 

cratonic couJIterI*tL 

Rbjpm of Galloway Ydwpocbemjca! Ady· Co 

Subtle variationa in Co conlent occur throaahout the 

RhiDna nrvey area and may be uaccI to identify the 

poaitiona ofboth volClllic and cratonic derived grey_ 

waclre unita. Formation boundarie_ idenliflCd by Ibia 

element include the CoraewalJ-Kirkcohn; Kirkcohn­

Portpatridt: Shinncl-KilfiUan Formation boundaries. 

Note the 1liahdy elevaled values auociated with 

volcanic unill _ oppwecl to their lower cratonic 

COUDlerparli. 

281- Rhinos of GalloWAY Ljtbopx;herpial AdM; Cr 

SyRmatic variationa in Cr cOllCCnlrabon may be 

uacclto identify the relati'Ve poaitionofthe Conewall, 

Kirttco\m, Portpatrick, Shinnel, Kilfillan, Queena­

bury and Hawick Formationl within the Rhinos of 

Galloway __ y area. In addition, the Coreawall 

Formation may be •• Wividecl into the Flaw and 

Conalomeratic diviaiona on the basil of their differ­

ina elevaeecl Cr conlenta. Note the hiahly elevated 

va1uea MSOCiated with volcanic anita _ oppoICd to 

their to- cratonic COUDIerparlI. 

282- Rbin. of Galloway Ylhoaocbemjell Ady; Cu 

1biI diapam diaplaya alaclt of chemical differentia­

tion betw.n volcanic aod cratonic derived unita with 

relpcct to their copper pochemiatry. 

283- Rbm. of Galloway UthopocbgpiCiI Ad_; La 

Subtle .yat.emlltic v~ation in La content occ:un 

Ihroup out the Rhinlll.u~y area and may be uaed 

to identify the poaitiom gfboth volcanic and cratonic 

derived areywacke ani ... Boundariea identified by 

Ibill element include tbe Coraewall-Kirkcohn; 

Kirkcolm-Portpatriclt; Kilfillag..Qu.Dlbury and­

~ry-Hawic!r. Formation boundarieL Nole 

the relati'Vely \ow valu. auocialed wilh volcanic 

vnita _ oppoeed to their elevaeecl cratonic counter-

Rhinnl ofOallowlY Ythoaeocbemial My; Nb 

ConIraItiDJ variations in Nb conlent may be used to 

aetify the boundaria between the Conewall­

Kirkcolm; KirkcoJm-Portpatriclt; Portpatricl-Shin­

nel; ShinneJ- Kilfillan; Kilfillan-Qu_bury; IIId 

Queensbury·Hawick Formationa in the RhinAl of 

Galloway lurvey areL Naec the extremely low value. 

MBOCiatcd with volcanic unita in comp.-iaon with 
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A LITHOGEOCHEMICAL STUDY OF THE RHYNS OF GALLOWAY, SOUTH WEST SCOTLAND 

FIGURE 276 

200 210 220 

P205 (\Jt I.) 

o 0.150 

o 0.165 

o 0.180 

o 0.210 

o 0.250 

o 0.600 

1 : 325,000 (32mm = 10km) 

C - CORSEWALL FORMATION (MARCHBURN) 
K - KIRKCOLM FORMATION (AFTON) 
P - PORTPATRICK FORMATION (SCAR) 
S - SCHINNEL FORMATION 
Kf:.. KILFILLAN . FORMATION (PYROXENOUS) 
Q - QUEENSBURY FORMATION (INTERMEDIATE) 
H - HAWICK FORMATION 
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A LITHoGEoCHEMICAL STUDY OF THE RHYNS OF GALLOWAY, SOUTH WEST SCOTLAND 

FIGURE 277 
200 210 220 
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As (ppm) 

570 o 1.000 
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. Po,.tpet,., ek 
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550 o 25.000 

o 30.000 
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1 : 325,000 (32mm = 10km) 

C - CORSEWALL FORMATION (MARCHBURN) 
K - KIRKCoLM FORMATION (AFTON) 
P - PORTPATRICK FORMATION (SCAR) 
S - SCHINNEL FORMATION 
Kf- KILFILLAN - FORMATION (PYROXENOUS) 
Q - QUEENSBURY FORMATION (INTERMEDIATE) 
H - HAWICK FORMATION 
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A LITHOGEOCHEMICAL STUDY OF · THE RHYNS OF GALLOWAY, SOUTH WEST SCOTLAND 

FIGURE 279 
200 210 220 
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1 : 325,000 (32mm = lokm) 

C - CORSEWALL FORMATION (MARCHBURN) 
K - KIRKCOLM FORMATION (AFTON) 
P - PORTPATRICK FORMATION (SCAR) 
S - SCHINNEL FORMATION 
Kr- KILFILLAN FORMATION (PYROXENoUS) 
Q - QUEENSBURY FORMATION (INTERMEDIATE) 
H - HAWICK FORMATION 
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A LITHoGEoCHEMICAL STUDY OF THE nHYNS OF GALLOWAY, SOUTH WEST SCOTLAND 

FIGURE 280 

200 210 220 

Co (ppm) 

o 0.000 

o 14.000 

o 20.000 

o 28.000 

o 35.000 

o 38.000 

1 : 325,000 (32mm = IOkm) 

C - CoRSEWALL FORMATION (MARCHBURN) 
K - KIRKCoLM FORMATION (AFTON) 
P - PoRTPATRICK FORMATION (SCAR) 
S - SCHINNEL FORMATION 
Kf- KILFILLAN FORMATION -(PYRoXENoUS) 
Q - QUEENSBURY FORMATION (INTERMEDIATE) 
H - HAWICK FORMATION 
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A LITHoGEoCHEMICAL STUDY OF THE RHYNS OF GALLOWAY, SOUTH WEST SCOTLAND 

FIGURE 281 

200 210 220 

Cr (ppm) 

0 0.000 

~ 0 100.000 

~ + 0 140.000 

~ 
St ""'y k I r-k + 

o 200.000 

o 260.000 

350.000 

1 : 325,000 (32mm = lokm) 

C - CORSEWALL FORMATION (MARCHBURN) 
K - KIRKCOLM FORMATION (AFTON) 
P - PoRTPATRICK FORMATION (SCAR) 
S - SCHINNEL FORMATION 
Kf~ KI[FIL[AN- FORMATION (PYROXENOUS) 
Q - QUEENSBURY FORMATION (INTERMEDIATE) 
H - HAWICK FORMATION 
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A LITHOGEOCHEMICAL STUDY OF THE RHYNS OF GALLOWAY, SOUTH WEST SCOTLAND 

FIGURE 282 
200 210 220 
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1 : 325,000 (32mm = 10km) 

C - CORSEWALL FORMATION (MARCH8URN) 
K - KIRKCOLM FORMATION (AFTON) 
P - PORTPATRICK FORMATION (SCAR) 
S - SCHINNEL FORMATION 
Kf'- KILFItLAN FORMATION (PYROXENOUS) 
Q - QUEENSBURY FORMATION (INTERMEDIATE) 
H - HAWICK FORMATION 
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A LITHoGEoCHEMICAL STUDY OF THE RHYNS OF GALLOWAY, SOUTH WEST SCOTLAND 

FIGURE 283 
200 210 220 
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1 : 325,000 (32mm = 10km) 

C - CORSEWALL FORMATION (MARCH8URN) 
K - KIRKCOLM FORMATION (AFTON) 
P _ PORTPATRICK FORMATION (SCAR) 
5 - SCHINNEL FORMATION 
Kf- KILFltLAN FORMATION (PYRoXENOUS) 
Q _ QUEENSBURY FORMATION (INTERMEDIATE) 
H - HAWICK FORMATION 
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A LITHOGEOCHEMICAL STUDY OF THE RHYNS OF GALLOWAY, SOUTH WEST SCOTL~ND 

FIGURE 284 
200 210 220 
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1 : 325,000 (32mm = 10km) 

C - CORSEWALL FORMATION (MARCHBURN) 
K - KIRKCOLM FORMATION (AFTON) 
P - PORTPATRICK FORMATION (SCAR) 
S - SCHINNEL FORMATION 
Kf- KILFILLAN ' FORMATION (PYROXENOUS) 
Q - QUEENSBURY FORMATION (INTERMEDIATE) 
H - HAWICK FORMATION 
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their higher cratonic counterparts. 

285- Bhiom of Gallow" Ljtbop!clppjsrel Ada; Ni 

Systematic variatioas in Ni coaceutratioa may be 

ued to ideutifythe ~Iatiw: positiooofthe Conewall. 

KBb:oIm, Shimel. KiIfiDau, Q_Dllbury aud 

Hawick Fonuatioul within Ihe Rhinos of Galloway. 

NOIe the ~Iatively low values Mlociated with vol­

canic units a opposed to their higher cratonic 

cOWlterputs. 

286-

287-

288-

Rhjpp of Galloway Uthomchqpiel AdM; PIz 

HiShly consisteDt PIz values ..-c displayed by both 

volcaic and cratonic formatiOllll throughout the 

RhinDa ltudy ..-eL 

Rhin. of GallOW" Lithoseocbemjcal Ad.; Rb 

Subtle variatiOllll in Rb conlent occur throughout the 

Rbinna IUrvey ..-ea which may be used to identify Ihe 

posiliona ofboth voleMie and cratonic derived py­

wacke units. BotJDCbriea identified by thil element 

iDclude the Ccnewall-lCirkcolm; KirkeoJm..Portpa­

Irick; Por1p8tridt- Shimel; Shimel-Kilfillan; Kilfil­

Jan-Queenabury and QuCCDIbul)'-Hawidt Fonua­

lion boundaries. NOIe the lower Rb values MIOCiated 

with the volemic units a owc-d to their higher 

cratooie counterparta. and the elevated Rb levels _ 

displlyed by the QUCCDIbury (Intermediate) Fonua­

lion. 

Rhjpp of GaUoway Ljthopchemica! All.; S 

Sharply contrasting variationa in IUlphur content 

may be ued to ideutify the boundaries between the 

ConewaJl- Kirkcolm; Portpatrick-Shimel; Shimel­

Kilfillan; Kilfillan-Quccnabury; and Quccnsbury­

Hawick Fonnationa in the Rhinnl survey _L NOIe 

the extremely low values sulphur values identified in 

both the CorIewall (Lower Ordovicillll) ad Hawick 

(Silurian) Fonnationa. 

289- - -Bbimw gf GaIIow"-LjtIjtamcIMmjgl AdM: Sb 

NOIe the CODIistendy low Sb values «4ppm) dis­

played throughout the IUcceMion. A amaIl number of 

anomalies _ identified. located in both Morroch aud 

Cairngarroch Bay'l <..-e_ a110 pinpointed by _nic 

seochemislry. !ICC figl. 2n aud 278) Logan Bay aud 

290-

291-

292-

293-

the Mull of Galloway. Note the genenl increase in the 

background Sb content of pywackes in cloae prox­

imity to igneoul inlrUlion. 

Rhipe of Galloway LiJhoaeocbcmjcal Atl.: Sr 

Systematic varilllions in Sr concentntion may be 

ueed to identify the ~Ialiw: position of the ConewaU. 

ICirkcolm. Portpalrick, ShiMel. Kilfillllll. Queena­

bury and Hawick FonuatiolUl within the Rhinna of 

Galloway study _a. Note the elevsted Sr valuel 

MIOCi.eed with volcanic units a opposed to their 

lower cratonic counterpull. 

Rhin. of Galloway Lithoaocbcmical Ad_: Th 

Weakly CODlruting variations in Th content may be 

ueed to identify the boundaries between the Cone­

wall-K.irkcolm; Kirkcolm-Portpatrick; Portpalrick­

Shinnel; ShiMel- Kilfillan; Kilfillan-Queenabul)'; 

and Q_nabury-Hawick Formation. in Ihe Rhi_ 

surw:y _a. NOIe the low values Mlocialcd with 

volcanic units a oppoaed to their aubtly higher en­

tonic counterputa. 

Bhjruw of Galloway LitbcweochemjcaJ AlI-; V 

Sharply contruting variationa in V content may be 

ueed to identify the boundaries between volcanic aud 

cntonic derived I~ywacke units. Fonuation 

bouncluiea identified on the baia of v.iations in V 

conteut include; the ConcwaU-Kirltcolm; Kirkcolm­

Portpatriek; Porcpalrick- Shioncl; and Shinnel-Kilfil­

Ian boundaries in the Rhinna of Galloway IUrw:y 

..-eL Note the exftmely elevaled V valuel Mloci­

.Ied with volcanic: units .. opposed to their lower 

cntonic counterparts. 

Rhinos of Galloway Litb~eocbemjcal AtI .. ; y 

Subtle variations in Y content occur within grey­

wackes throughout the Rhinna survey ..-ea. These 

v.-iationa may be used to identify the positions of 

both volcanic ad cntonic derived greywacke units 

aad their asaociated boundariei. Fonuation bounda­

riel identified by Y chemistry include the Cone_II­

Kirkcohn; Kirkeolm-Portpatrick; Kilfillan-Queena­

bury and Queensbury-Hawick boundaries. Note the 

low values MIOCis1l:d with voleanic Ilftits a opposed 

to their ~Iatively higher cntonie counterparts. 
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A LITHoGEoCHEMICAL STUDY OF THE RHYNS OF GALLOWAY, ' SOUTH WEST SCOTLAND 

FIGURE 285 

200 210 220 

N I (ppm) 
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o 140.000 

1 : 325,000 (32mm = 10km') 

C - CORSEWALL FORMATION (MARCHBURN) 
K - KIRKCOLM FORMATION (AFTON) 
P - PORTPATRICK FORMATION (SCAR) 
5 - SCHINNEL FORMATION 
Kf- KILFILLAN FORMATION (PYRoXENOUS) 
Q - QUEENSBURY FORMATION (INTERMEDIATE) 
H - HAWICK FORMATION 
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A LITHOGEOCHEMICAL STUD', OF THE RHYNS OF GALLOWAY! SOUTH WEST SCOTLAND 

FIGURE 286 

200 210 220 

Pb (ppm) 
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o 10.000 
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o 25.000 

o 30.000 

1 : 325,000 (32mm = 10km) 

C - CORSEWALL FORMATION (MARCHBURN) 
K - KIRKCOLM FORMATION (AFTON) 
P - PORTPATRICK FORMATION (SCAR) 
S - SCHINNEL FORMATION 
Kf- KILFILLAN FORMATION (PYROXENOUS) 
Q - QUEENSBURY FORMATION (INTERMEDIATE) 
H - HAWICK FORMATION 
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A LITHOGEOCHEMICAL STUDY OF THE RHYNS OF GALLOWAY, SOUTH WEST SCOTLAND 

FIGURE 287 
200 210 220 

f 
I Rb (ppm) 

o 

o 0.000 

o 38.000 

o 50.000 

o 62.000 

o 75.000 

o 85.000 

1 : 325,000 (32mm = 10km) 

C - CORSEWALL FORMATION (MARCHBURN) 
K - KIRKCOLM FORMATION (AFTON) 
P - PORTPATRICK FORMATION (SCAR) 
S - SCHINNEL FORMATION 
Kf- KILrrLLAN FORMATION i PYROXENOUS) 
Q - QUEENSBURY FORMATION (INTERMEDIATE) 
H - HAWICK FORMATION 
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A LITHOGEOCHEMICAL STUDY OF THE RHYNS OF GALLOWAY, SOUTH WEST SCOTLAND 

FIGURE 288 
200 210 

1 : 325,000 (32mm = 10km) 

C - CORSEWALL FORMATION (MARCHBURN) 
K - KIRKCOLM _ FORMATION (AFTON) 
P - PORTPATRICK FORMATION (SCAR) 
S - SCHINNEL FORMATION 
Kf- KILFILtAN FORMATION (PYROXENOUS) 
Q - QUEENSBURY FORMATION (INTERMEDIATE) 
H - HAWICK FORMATION 
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A LITHOGEOCHEMICAL STUDY OF THE RHYNS OF GALLOWAY, SOUTH WEST SCOTLAND 

FIGURE 289 
200 210 220 
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1 : 325,000 (32mm = 10km) 

C - CORSEWALL FORMATION (MARCHBURN) 
K - KIRKCOLM FORMATION (AFTON) 
P - PORTPATRICK FORMATION (SCAR) 
5 - SCHINNEL FORMATION 
Kf- KILT ILLAN - FORMATION (PYROXENOUS ) 
Q - QUEENSBURY FORMATION (INTERMEDIATE) 
H - HAWICK FORMATION 
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A LITHOGEOCHEMICAL STUDY OF THE RHYNS OF GALLOWAY, SOUTH ~[ST SCOTLAND 

FIGURE 290 
200 210 220 

Sr (ppm) 

o 0.000 

o 70.000 
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o 400.000 

1 : 325,000 (32mm = 10km) 

C - CORSEWALL FORMATION (MARCHBURN) 
K - KIRKCOLM FORMATION (AFTON) 
P - PORTPATRICK FORMATION (SCAR) 
S - SCHINNEL FORMATION 
Kf- KILFILLAN FORMATION (PYROXENOUS) 
Q - QUEENSBURY FORMATION (INTERMEDIATE) 
H - HAWICK FORMATION 
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A LITHOGEOCHEMICAL STUDY OF THE RHYNS OF GALLOWAY, SOUTH WEST SCOTLAND 

FIGURE 291 

200 210 220 
5BO~ ____________ r-____ -' ____ -r ____________ ~ 

Th (ppm) 

570 o 0.000 

. 0 5.000 

560 o 7. 000 

o 9.000 

550 o 11.000 

o 13.000 

540 

520 
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C - CORSEWALL FORMATION (MARCHBURN) 
K - KIRKCOLM FORMATION (AFTON) 
P - PORTPATRICK FORMATION (SCAR) 
S - SCHINNEL FORMATION 
Kf- KILFILLAN . FORMATION (PYROXENOUS) 
Q - QUEENSBURY FORMATION (INTERMEDIATE) 
H - HAWICK FORMATION 
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A LITHOGEOCHEMICAL STUDY OF THE RHYNS OF GALLOWAY, SOUTH WEST SCOTLAND 

FIGURE 292 
200 210 220 

V (ppm] 

• 0.000 

o 85.000 
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1 : 325,000 (32mm = 10km) 

C - CORSEWALL FORMATION (MARCHBURN) 
K - KIRKCOLM FORMATION (AFTON) 
P - PORTPATRICK FORMATION (SCAR) 
S - SCHINNEL FORMATION 
Kf- KILF-ILLAN FORMATION (PYROXENOUS) 
Q - QUEENSBURY FORMATION (INTERMEDIATE) 
H - HAWICK FORMATION 
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A LITHOGEOCHEMICAL STUDY OF THE RHYNS OF GALLOWAY, SOUTH WEST SCOTLAND 

FIGURE 293 
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C' - CORSEWALL FORMATION (MARCHBURN) 
K - KIRKCOLM FORMATION (AFTON) 
P - PORTPATRICK FORMATION (SCAR) 
S - SCHINNEL FORMATION 
Kf- KILFILLAN FORMATION (PYROXENOUS) 
Q - QUEENSBURY FORMATION (INTERMEDIATE) 
H - HAWICK FORMATION 
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294- Rhin. of GaUoway LjJboseocbemiCll AIIw: Zp 

Relatiwly conaistent Zp vah_ cfispllyccl in the 

northern aec:tion of the Rhinns IIId the Jower values 

lIIIIOC:ialied with the KiIfiIJID Formatioa. Zinc: deple­

tion envclopm Ire locUed in both Morroch IIId 

Caimglll'OCb Bay (aaocialed with hydrolbermaJ 

altcration and Aa-Sb mineralisation) IIId within the 

margins of the PorteDcortaie pmodioriee at the 

IOUthem m_gin of the olVey area. 

29S- shin. ofGaJIowu LjthopocbGmjcal AII-; Zr 

Sy.tematic variatianl in Zr concentration may be 

ueed to identify the relltiw position of the C-aO, 

Kirtcolm, Portpatrick, ShinDcl, KiIfillan, Queena­

bury and Hawick FonnatiOlll wilhiD the Rhinna of 

Galloway .tudy Ire .. Note the extremely low Zr 

valUCI aaociated with the volcanic derived unill -

oppoecd to their considerably higher c:ntonic: 

counterparts. 

296a- Petrochemical Summvy Stratipapby of the South­

ern Uplapds pi Londorcl Dqwp 

ThiI diasram pracnll a pic:toriaJ .ummary of the re­

sulll of IithogcochcmicaJ mappi"l IIId tenain 

boundary identification studies in both the Southern 

Uplandllllld Longford Down. In to&aI, 1847 pey­

wacke samples were .. alyeed acrc.a chis belt, wich a 

subset of approximately SOO petrographically char­

acterised, point counted samplca fonning a major 

lraining set for grcywacke identificalioa. 

296b- Gn;ywackc fonnatjopa pi sold loc'tjops within the 

Souchcrn Uplands of Scotland (from GaII.her. 

DuJJer and S!gpe 1989). 

This di ........ details the relative position of jute­

poacd petrographically and ~ochcmic:aJ1y distinct 

turbidite formatiOlll within the Southem Uplands 

Study Ire .. Supcrimpoeed upon chisdiagnm arc the 

Joc:ations of individual in ... itu Sold occurrcllCCl in 

tbiI regioo. Note that the identificatioo of in ... itu 

•. -..opyrite-'-t6d gold in the GlendiminS, Knipe, 

Cairngln'OCh and TaJnotry depoaitl _ first re­

corded by this study. 

297- Chap",. in lOa !eyel and wocia!Cd fellUI'CI throup 

the Lower Palll!ozojc strlliSraphic Record in the 

Britjah "let (from I.euct 1981) 

QUI" in ICI level throup boch Ordovician and 

Silurian periods baw bid profound effccts upon the 

nature of llediment supply, bencho. IUd biota. The 

dccrc_ in black shales recorded in the S ilurill! 

follows the hiatus of an Upper OrdoviciM sllCiatioo 

andc:oinc:idca wich a worldwide marine truapeaioo 

chroushout Uanclovery times. This transpeaioo 

culminated at the cad of the Uandovery IUd slowly 

regrcteod throuJhout Wenlock and Ludlow times. 

The c:euIlion of the marine InIoIpeaion allowed 

relatiwly .table shelf conditiODl to be :stahlisheel 

owr Iarae arcw and resulled in the domir.a 1tly shelly 

type arca recorded worldwide durina thi~ PI-.wd. 

298- Uodewom' UthoaocbemjcaJ IrlvellC of wall­
rocb to the SIIIIQQI Vejp. I.e.Us. 

This four put diap'1ID displays the relults of multi­

element aeochemistry upon 29 srcywaclce samples 

collec:led from a 200m IonS underpound nverw 

pcrpeadicul_ to the SYllllDa Pb-Zn vein .yltem at 

I.eadhills. A pili! of the $u_. Mine detsilins 

underpouad sample site locations is presented in 

fiS.15.11Ic aeoc:bemiRl data relatins to this plot is 

also presenled in tablee 4.122 and 2.119. Note the 

rclatiw: po.itioat of IIInpIes within chis tnlvcrw: 

PDLI is loclted at the margin of the $UIlllUl' vein; 

PDLII and PDLl2 represent wallroc:k from the 

Humby Vein; PDLI7 and PDLI8 define the location 

of the McDonaJds Vein; and sample 1'01.29 is Ioc:ttccl 

in close proximity to the edit entrance. 

The SUlMlQa Vein: Fe. A., Ba and Fe/MS values _ 

elevlted in proximity to the Susannl vein wherew 

La, Ph, Sb, S, Th. KINa, AI/Ca+Na, NbIP. RblSr. Nil 

Co and Cu/Co exhibit varyins desrecs of deplelion 

with rcapcc:t to the averaae sreywacke composition. 

The Hpmby Vein: AI, K. Ita, BI, Cu. La, Ph, Rb, Sb, 

Zn and KINa, Fe/MS. AI/Ca+Na, RblSr and Cu/Co 

values Ire elevated in proximity to the win whereas 

Na, Fe. Mg andCaexhibit variable Ievelsofdcpletion 

with respect to the averaae peywacke composition. 



580 

570 

\ 
ri 

560 

550 

540 

520 

-1564-

A LITHoGEOCHEMICAL STUDY OF THE RHYNS OF GALLOWAY, SOUTH WEST SCOTLAND 

FIGURE 294 
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Kf- KILFILLAN FORMATION (PYRoXENOUS) 
Q _ QUEENSBURY FORMATION (INTERMEDIATE) 
H - HAWICK FORMATION 
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FIGURE 295 
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5 - SCHINNEL FORMATION 
Kf- KILFILLAN FORMATION (PYROXENOUS) 
Q - QUEENSBURY FORMATION (INTERMEDIATE) 
H - HAWICK FORMATION 
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Greywacke formations within the Southern Uplands of Scotland: 
1 Mixed clast assemblage 

3 & 4 Abundant malic and volcanic clasts 

2, 5, 6, 7, 8 and the Hawick Group. Dominantly mature, quartz - rich clasts 
A In - situ gold occurrences: 

C Cairngarroch, gold in arsenopyrite 
F Fore Burn, native gold in breccia zone 

G Glenhead, native gold in quartz veins 

K The Knipe, gold in arsenopyrite 
L Leadhi/ls , native gold in quartz veins 

T T alnotry, gold in arsenopyrite and native gold in diorite 

Glendinning, gold in arsenopyrite 

[mililil~~j eallantrae ophio~t8 complex, early Ordovician 

om Upper Palaeoloic strata 

Granitic intrusion. 
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FIGURE 297 
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299-

The Ms;Qgpekh yeia: Fe, Mg, Ca, JIb, Za, Cu IIId Sr 

values _ elevated ia proximity to the McDonaIda 

veia w __ Na, K., Ms, Fe, Rb, KINa, AJ/Ca+Na, 

RblSr are depleted. 

In aenera1Si, Mn, P, Cr, Nb, V, Y,Zr lIIdAJ/Si display 

relatively CClIIIIiAent values dwoupout the travene. 

With the exc:eptioa of wallroct aamplea &om the 

Suaanna Vein, lIOdium exbibits wideapreadclepletion 

(Nad %) aod iadic:atca the extalllive nature of wall­

ruck alteration tbrouabout Ibe traverae. Potaai_ 

values cIemonstraae UI iaverae relaliooahip with 

lOCtium and exhibit elevated values ac:J'OIIlbec:eaaraJ 

portion of Ibe travene. Araenic Ieve" are all gene .... 

ally above deeec:lion Hmita, with elevaeed values 

locaeed marla to Pb-Zn-Ba (:iCa) vein mineraliaa­

tion. Maximum JIb values are locaeed adjacent to the 

McDonalda veia oo-ver elevaeed val_ are de­

fined throaJhout Ibe travene and iIlultrate the perva­

live namre of JIb mineralisalion ia this cIepoait. Sb 

values correlate with badl JIb, As, Cu. Rb, S, Zn and 

Ibe aheratioa index KINa, IIId eerve to iIIulllnte the 

COIIIplell .ocbemicaI relationlhi .. praent withia 

this depoaiL 

ruos Silict-TgtaI Alhljj aaajfic;alj!ll DialO'P 

<after LeB •. 1283) 

Thill Iilica-total a1kalii cI_if"IC.uon diap'am w .. 

developed by the lUGS baaed upon the petrographic 

ItUdy and aeoc:bemicalaoalyl. of over 15000 igne­

ous rock samples. This discrimination diagram is 

ued in the foDowina lix plata toprovide a framework 

for simple aeocJ!emical c:1_ification of p)'WKlte 

umpIeI from the Southem Uplands study lleL 

300- ruGS Sip-Total Alblii Diapn; MlIChhym IDII 

Aftop PonpatjOQl. 

This diagram displays the relative positions of 

M.c:hbum and Afton Formation pywackea on the 

lUGS claaification diagram. Volcanic clerived, 

. Marobbum fOl1Dl&ion Alllplea are localed within the 

Baaa1tic-Andes. IIId Andesite fields where .. the 

cratonic Afton Formation samples occupy the An­

desite and Dacite fielda. Afton formation membcn 

form a relatively restricted, c:onsiatent raDae of a1!ta1ii 

values .. ~ to the M-=hbum formation, 

where a .... on, poaitive relatioasbip exiata bet_ 

lilica and a1ka1ii. 

301- ruGS Silict-TgtaI Malii Pigrug: Blackcraillllll 

Sew Fqrmatjeg. 

ThiadiaJIWIDdiaplsYltherelativepoaitionaofBlacIt­

crail and Sc. Formation pywackea on the lUGS 

c .... ificationdilpUll.PetroJnPhically, bod! forma­

IiCllll display IIron, volcanic affinities, and lamplea 

are concentrallld within the BaaJtic-Andesite and 

ADcIeaite fielda. AJtbouab displsying Iimilar ranges 

the Sew Formatioa displays slightly elevallld a1!talii 

conteDts compared to the BJac:kcrai, Formation. 

302- lUGS Siljc;a-Total Alblii Diur-: Shi-IIIIII 

PmmeDSIIII Formatieg 

This diagram displays the relative positions of Shin­

nel and PyroXenoul Formation pywackel on the 

ruGS c:1aaif'lCIIion diaJIWID. Volcanic derived, Py­

roxeaou. Formation _plea are precIominandy 10-

caeed in the AndeIite field where .. the Shimel for­

mation umpIea OCCIIpy the AndeIite and Dacite 

fields. Pyl'OJlenoul formatioo Amplel form a rela­

tively reatriceed ranae of values .. owc-t to the 

Sbianel Formationwbere a _aIt ia_ relationship 

exiata between silica MIl tcaI alkalii content. 

303- ruGS Sjlica-TPIII Alkalii DialU'Pi Igtermpdjate pi 

Hawick F!!Dllltjllll 

Ibis diaJl'alft dilplays the relative poaitiona at the 

cratonic Intermediate and Hawick Formation lleY­

wackel on the ruGS c .... ification di...-n. Noec that 

the carbonate-flee fraction of both formatiCllll lie 

petroP'IPbically identical 1be input at carbonate 

detrituI into Hawick Formllion pywackea how­

ever, reaulllld in the dilation of major element values 

notably Si, by Ca and a shift towards lower silica 

contellt from andeaite-dacite fielda to basaltic·an­

deaite and llldeaite. Hawick Formation members 

display a narrow ranae at total aIltalii values. In 

addition I lIDall number of samples (NI+K <3wt%) 

lie aaribueed to I'GJftlCllt the effects ofbydrothennal 

aleeratioa. 
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FIGURE 302 

c Shinnel Form~tion 
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ruGS Siljca-Iota! Alblii Dja.,.... G!epdjoniar 

Greyww:ke. 

This di.,.-- displays the poeitioa 01 c:ntonic de­

rived Hawick FOIIIWioa INYWacba from the 

GlenclinainS resional studY,ueL Nolle the relatively 

DMTOW. restricted range oIlo1a1alltalii coatent wbich 

di.plays a -.It positive correlalion with lilica val­

-. A. previously identified in FiS.303 •• ilica val_ 

have been .y .... icalIy depleted by the inuocIuc­

lion 01 carbon. detritus uxI ue loc:aIIecI within the 

b.altic:-ancleaite uxlEdeanc f"lelda. 

ruos SiJica..Tota! Alkalii Diqram· GJepdjpninl 

This diasnm displays Ihe poeitioD of minerali_ 

Hawick Formation INYWIICba from the Glendin­

DinS depoeit uxI ahould be viewed in c:ampariaon 

with FiS. 304. Nolle the c:oncentntion 01 .. 1_ in the 

baaaltic:-adeaite .ad andeaite rlClcIa, wbic:hdiaplay a 

__ in minimum and inc:re_ in ranae of alkalii 

val_ c:mlpUCCI with lheir uamineralilled counter­

plrtl. In addition, a anall .ubect of aamplea ue 

Joc:.Ied within the dac:ite field (Si > 61~) which 

indicate .ilica enrichment (Iilic:ific:atioll) toaelher 

with major a1kalii depletion (dickitiaation). 

306-410 pjeqimjM'Hm Djyrama 

The folJowins 96 dillc:rimination di ....... display 

Ihe major c:hemic:a1 charac:teriaticl of INYWac:b 

fonnadona Ioc:ated within the Soutbem Uplands 

Study Area. All _plea (with Ihe exception 01 the 

Hawick Formation) have brlen IUbjec:ted to petrop­

pbic examination (Floyd, 1981) and cl_ified into 

lheir respective Formatione on Ihe balil of point­

count ad ..,alial information. SIIJIIImIr)' ltati.tica 

relatilll to each formation ue .,-ented in tablea 

2.50-258. A table liatin& the most widely ulDClINY­

Wlleke diac:riminalioa diasr- IIDCI their respective 

authon is pre.ented in table 1.68. 

306- CaO-Sr Pisrimjpetilll Djapam. Mvchbym 

Fgnpatioo. The CeO-Sr diac:rimination dia ... de­

fined by Caby (1977) is u.ed in FiSL 306-312 to 

display Ihe chemical variation preaent in Ihe major 

petropphically distinct PonnaliOOl located in the 

Soulhem Uplandl Study AIeL This fisure display. 

Ihe relative poeition 01 Man:hbum Formation INY­

wacba on Ihe CaO-Sr diac:rimination diap1llD. Nolle 

the relatively reatric:ted caO range (2-5~); the wiele 

nnge 01 Sr valaca (88-857ppm); and the lack 01 any 

form of correlation between caO and Sr. 

307- CtQ-Sr DiFjmiMtion DjllP"Ql· Afton Fonpatjm 

Th.~ dia ... display. the relative poeition of cra­

tonic derived Afton Formatioa INYWac:ba on the 

CaO-Sr diac:rimination plot. Nolle the lIhilt towarda 

Io_r val_ compared with their vo\c:anic counter-

,.u; the relatively re.uic:ted caO uxI Sr ranae; and 

the Id of any form of correlation between CaO and 

Sr. 

308- ~""Djegjm;n.tjop Djapc .. Blpckcqj. 

309-

Fqmation. 

This fisure displays the relative poeition 01 volcanic: 

derived BIac:lr.c:raiS Formation sreywacb:a on the 

CaO-Sr diacrimination dilJram. Note the ahift to­

wards hipr valuea COIDfIU'C'd with their cra­

tonic: c:ountel1'arta; the hiply restricted CeO and Sr 

range; and !he lack 01 correlation between CeO and 

Sr. 

CaQ..Sr Qiesjmjgetj?ll Pi.,.: SCM Formlljon 

This diapam displaya the rehllive poeition of Sc.­

FonnatiCIDpywacb:aontheCaO-Srdiacriminatioa 

plot. Nolle the poeitive abift and extended ranF ofSr 

val_ compared with the Blac:lr.crai, Formation; and 

the weak (+) comlation between caO and Sr. 

310- CtQ-Sr DilCrimjM'ion Pia.,...: Sbjnnel Formation 

This fisure diaplay. the relain poeitioll 01 cratonic 

derived Shinnel Formation lNywackea on the CaO­

Sr dilcrimination diapam. Note Ihe ahift town. 

lower val_ compared with their juxlapolCd vol­

canic c:ounllel1'lII1II; the extended CaO ranse; and the 

.... onl positive comlation between both elemenIL 

311- CaQ..Sr pjegjmjM'Hm Djqnm. PyroaeQO" 

Formation This di • .-- displays the relative poei­

lion 01 volcanic derived PyroaeQOUI Formation 

greywackea on the CaO-Sr diacrimination plot. NOIe 

the positive .hift uxI extended ..... F 01 Sr val_ 

compued with their cratonic counterparts; the re-
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FIGURE 304 
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FIGURE 306 
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FIGURE 307 
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FIGURE 308 
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FIGURE 309 
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FIGURE 310 
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FIGURE 311 
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duccd nnae of ClIO values; II1CI the weak (+) com- 315- H4-MaQ I2i1siriminlD!iIII l2iqnm: ~mGa!2111 

Iation between both elemeaIL lid Sbiaml fSIDDID!iIII. 

Thill diap'1III displays the ~Iative position of vol-

312- CaO-S[ ~dminali!illl DiaIQlll: IaSrmecIj'lri lid e:anicderived Pyroxenoua 8IId e:rllonic derived ShiD-

Hmis;k Pgmytj!illl. nel Pormatioo pywac:lcea on the SiOz-MJO dis-

Thill figure display. the ~lll.ive positioa fA c:nIOIlic: crimination diaplllD. NOlIe the Itrong inverse ~Ia-

derived lDaermeciide 8IId Hawick Formation I"'y- tionahip displa~ ben-n MJO 8IId SiO, in both 

wackea 011 the CaO-Sr diacrimiDltioD clial"lll' n.: formlliom; tbr. eleviled MaO and realricled SiOz 

lDaermediue PCII'IIWion displays typical cratODic values displayed by the Pyroxenoua Fonnation (the 

e:baracleriatic:a (low Ca and Sr values) whereas the volcanic field); aud the low MJO II1CI elevated SiOz 

Hawick Pormatioo displays etroogly highly elevaled val_ dilpla~ by the Shimel Fonnation. 

CaO values (0- 19I1.); a narrow, RIIIrictecI no. ofSr 

val..; aad the atrODJ positive correlation between 316- SiQa-MaQ DilmllliDiIiSlil Diamm: Intermedil~ 

both element&. Note the positioo fA a discriminatioo lid Hawjck for UIiSIII. 

line which may be u.d to c .... ify the samples into Thill diagram dta.,laya the ~Iative position of cra-

their respective formatioaa. tonic derived ml.,r. -..ediaae 8IId H_kk Fonnatioo 

greywackea 011 the Si02 MJO discrimination dia-

313- SiQ1MaQ J)jacrimialli!illl W ... • MarchblllJllId gram. NOlIe the weale inverse relationship displayed 

Afton Pqmaaigo. between SiOz 8IId MaO in both formations; and the 

The SiOz-MJO diac:rimiaation cJiasr- defined by location of the Hawic:k Pormalioo within the volc:uic: 

Bhatia (1983) ia used in Figs. 313-316to dilplay the field (formed by the neptive shift in SiOz values 

e:hemic:al variation prneat in the major petrographi- within the Hawick Formation, _ a direct _ult fA the 

e:alIy diatiDct Formations Iocattd in the Soutbem input of carbonate detritus aud uaoc:ialed CaO dUu-

Uplauda Study ARa. This diagram displays the rela- tioo of all oeher major element components). 

live position of volc:mic: derived Mmebbum 8IId 

cratonic derived Afton Pormation greywackeaon the 317- SiQ,-Bb l2iscrimiallisla l2illQlll; Marcblzllm II1II 

SiOz-MJO di8c:riminatioo diap1lllL Note the invene Mop fmp'tjsn 

relatiOlllhip displayed between MJO aud SiOz in The SiO,-Rb diKriminltion diasram defined by 

both fonnationa; the elevlled MJO 8IId ~ted Bhatia (1983) ia used in Figs. 317-320 to display the 

SiO, values displayed by the Mmehbum Formation; chemica1 variation prneDl in the major petrographi-

the c .... ification boundary ben-n the two groups wly distinct Pormations Iocattd in the Southem 

and the elevated SiOz values displayed by the Afton Uplauda Study AIeL Thill diaJl'llll displays the rela-

Formation. live position of volcanic derived Mmehbum 8IId 

cratonic derived Afton Pormation greywackea on the 

314- SK4 -MaQ Diac:rimination Dilmm: BI.,kcraiallld SiOzRb diac:riminatioo dia ........ Noae the weale in-

Sw formljop. verse relationship displayed ben-n Rb and Si02 in 

This diap'1III displays the relative positioo ~ vol- the Afton formation; the elevaled Rb IIICI Si02 values 

canic derived Blackcmg and Sw Formation FY- displayed by Afton Fonnation; the claaaification 

wacm on the SiOz-MJO diac:rimiDation diagram. bounci.-y ben-n the two groups and the realricted 

Note the sIronl inverse relationship displayed be- Si02 and relalively low Rb valuea displayed by the 

tw.nSiOzandMgO in botbfonnatiOlll: the elevated Marchbum Formation. 

MJO values present in the Scar FormaIiOll; and the 

overlapping position fA both groups within the vol- 318- H4-Bb ~limiDilism DilllllDi Bls" .. il IDII 

caNe: field (defined in fig.316). Scar formap!iIII. 

This diap'am displays the relative position of vol-

canic derived Blackcraig and Sw Fonnalion grey-
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FIGURE 312 
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FIGURE 314 
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FIGURE 318 
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w.:kea on the Si02-Rb diac:riminaIioodiaanm- Note 

the IIICk of c;om:luioo betwaen both elements; the 

JfOIIPins ofBI.:kcniS Fonnatioo umpJa below the 

Rb-3Oppm threshold; the rel.avely elevated Rb 

values praent in the Sc.r Form.aioa; ud the ovcr­

bpping positioo of 7S11. of both .OUJIII wichin the 

volculic (1C1d (defined in fi,.317). 

319- SiQ,-Rb Pjscriminatioo PYIAPI" Pymugog. ud 

Shin",! Fexmatjoo. 

Thia cfiasrmt displays the relative positioo of vol­

canic derived PyrollCllOll • .m cr....uc derived ShiD­

DCI Ponn.tioopeYWlCkca on the SiO.-Rbdiacrimi­

nltion di ..... Note the week invene reJationabip 

displayed between Rb ud SiO. in the cratoaic: Sbin­

DCI fonnalioo; the elcvaled Si02 val_ displayed by 

the Sbinncl Formation (identifym, the a-Itoaic 

field); and the reatricled SiO 2 valua diaplayed by the 

PyrollellOUll Formation. 

320- Si<4-Rb Diacrjmjgatjql PilIP'll; IptFnpedjalp ud 

Hawjck FgnnagCll 

Thia di.sram displays the relalive position of c ..... 

CODic derived Ineermcdiaee and Hawick Formatioo 

peYWlCkc. 00 the Si0
2
-Rb diacriminalioo di.gram. 

Note the week invenc relalionahip displayed be­

tween Si0
2 

and Rb in both form.IiODl; the rel.lively 

ellricbed Rb levelslocaled in both fonnatiODl (com­

pucci with all other peywlCke formatiODl in the 

Southem Uplmda); the: prcaencc of .lIIIIAIIaubect of 

anomalous Rb v.lues (Rb> 100ppm) lIIIOCiaeed with 

bydrolhc:nnaJ a1eeration and Aa-Sb-Aa mineraliu­

lion; and the: Iocaion of the: Hawidt FormItion within 

the volclllic field defiDecl e.lier (this fc.ture ia 

formed by the: neg.ave shift in Si0
2 
v.lues within the 

Hawick Formation, •• direct result of the input of 

cubonale detrilUl and MaOCiateci CaO dilulioo of all 

other major elemoat components). 

321- mp;ao DjacrimilMlicm PilII'D' Mwdabum II!d 

Afton Fgnnatioo. 

The Si02-CaO discrimination diasram defined by 

Bhati. (1983) i. uacd in Fip. 321-324 to display the 

chemical v~atioo prescnt in the major petrographi­

cally dialinct Formalions IocaIed in the: Southem 

Uplmda Study Arc .. 1hia diagram displays the rela-

tive position of volcanic derived Man:bbum ud 

cratonic derivocl Aftoo Formation peywlCke. on the 

SiO.-CaO cli8criminatioo dia .... Noee the weak 

invenc relatioMhip displayed between Cae> II!d 

SiO. in both fonnaliODl; the reilltively elevaeed CaO 

and reatricled Si02 values diaplayocl by the 

Man:hbum Formation; the pncralJy lower Cae> val­

ues diaplayocl by the: Afton Fonnatioo; and the: ap­

proximate positioo of a c .... irlCltion boundary be­

tween craCODic IDd voJcanic derived fonnationa. 

322- SiO.=OO Piacrimin'gon Pi.,....,· BllCkqaj, and 

Sew Ponudop. 

Thia dia._ displays the: relative poaitioo of vol­

canic derived BJackcraia and Scar Formatioo pey­

w.:kea 00 the SiO.-CaO diac:rimination diasram­

Noee the Jack of _latioo betwaen both clements; 

and the overlappinS poaition of both formaliona wida 

the volcanic field previou.Jy defined by the 

Man:bbum Formatioo (FiS. 321). 

323- Si<4-C-O Dipjmin'tjcm PillAQl; PyroxcQOU.1Qd 

Shinncl Fcxmaticm. 

This dia._ displays the: relatiye poailioo of vol­

canic derived PyrollCDOU. and crltODic derived Shin­

DCI Form.tioo peywlCke. on the Si0
2
-CaO dia­

criminatioodiapam. NOlIe the weak invenc relation­

abip displayed betwaen CaO and Si0
2 
in the Shimel 

formllion; tIJC elevated Si0
2 

valuca diaplayocl by the: 

Sbinncl Fonnalioo (identifyins tIJC crltooic rlCld); 

and the realriceed Si02 value. displayed by !he Pyroll­

eftOUl Formatioo (occupyins the volcanic field de­

fined in fiS. 321). 

324- SiQ,-CaO Pjacriminagm PiI.pm: Iotmnecli* 

agel Hawick Fonpalim. 

Thia diagram display. the ~lalive poaition of cra­

tonic derived Intermediate and Hawick Formatiou 

sreywackca 00 the Si0
2
-CaO diacriminllioo dia­

Sram. Nole the m.jor in_ relltionabip displayed 

between Si02 and CaO and the CODIidcrlblyeley.1ed 

CaO leyels preecnt in the Hawick Formation (mat 

24.36%) toF!her with c:oncspolidin,ly low SiO. 

levch; the lack of any form of inter~lemcnt correla­

lion in the Intenncdi~ee Formation; the relatively 

enriched Si02 leyel. loeatled in the Intermediate For-
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FIGURE 319 
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FIGURE 323 

Si02-CaO Discrimination Diagram (Bhatia, 1983), 
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mation; aDd the location of the Hawic:k Formation 

within the volclaic field defiDcd previously in fi,. 

321. 

SjO.-sr Piezjmin_jnp Diqram; Marchb!lll! .... 

Afton Fqmlliog. 

The SiO,-Sr diKrimination diaar- defiDcd by 

Bhatia (1983) is .eel in Fip. 32!i-328 to display the 

cbemical variation preaeDl in the major peIrOJraphi­

cally diatiDc:t Formatioaa IocaIecI in the Southem 

UplanclaStudyArea. Thisdiagramdisplaysthe~1a­

d~ position of vokaoic cIcrivod Man:bbum .... 

cratonic: derived Afton Formation peYWlCkea OIl the 

SiO,-Sr dilCriminatioD diaJf8lllo Noe the __ ill-

vene ~Iationahip displayed between Sr and SiO, in 

the Afton Formation and the stronger positive cone­

lation in the M.-cbbtau Formation; the ~Iatively 

elevsted Sr and restricted Si02 values displayed by 

the Man:bbum Formation (miJrorin, the nnd de­

fined by CeO); the aenerally lower Sr val_ dill­

played by Ibe Afton Formation; and the position of a 

claaification bound.y between cratonic and vol­

canic derived formations, controlled prccIominandy 

by SiO, conlleDt. 

SiC4-Sr Di.mmin_jnp Diqpm: Blw:kcrajl II!d 

Scar Fqmation. 

This diaJnlll displays the ~Iative position of vol­

c:amc derived Blackcrail and Scar Formatioo pey­

weekes on the Si01Sr discrimination di..,.am. 

Note the 1ack of com:latioo between both clements; 

the ~Iatively restricted Sr conICnt of Blackcnil 

Formation pywackes (Sr<3OOppm) and the over­

lappin, position of boIh poupa within the vokanic: 

field previously defined by the Marchbum Porma­

tion in Pi,. 325. 

SjO,-Sr J)jeqjrn;Mtjon DiIl'JDl' PvrOleDOU. II!d 

Sbinncl Fwmatjop. 

TbiI diasr- displays the ~Iative poIition of vol­

eaicllcrived PyrelleBOUl and cratonic derived Shin­

DCI Formation peywacbt on the Si01Sr ditcrimi­

nation diaJIWD. Note the _ak inverse ~Iationabip 

displayed between Sr and Si02 in the Shinncl forma­

tioo (minorin, Ibe tread defined by CeO); the ele­

vated Si0
2 

values displayed by the Shinncl Forma-

328-

329-

330-

tion (identifyin,the cntonic field); and the elevated 

Sr aDd ~trictcd Si02 values displayed by the Pyrox­

enou. Formation (oc:cupyina the voJcanic field de­

fined in fil. 325). 

SjO,-Sr D;Riminat;on D;'I"IIII' InICrmedjate tnd 

Hawic:k Formatjoo. 

This diapam displ.y. the ~Iative position of cra­

tonic: derived Intlermediatle and Hawick Formation 

pyweekea on the Si01Sr diKrimination diagram. 

Noethe invene ~1ationahipdisplayedbetween SiO, 

.... Sr in the Hawick Formation toscther with com:­

apondin,ly low Si02 leve"; the _ak inter-c:lcmcnt 

com:lation in the Intermediate Formation; the ~Ia­

tively earic:hed Si02 leve" Ioc:aIed in the Intermedi­

ate Formation; and the location of the cratonic de­

rived Hawick Formation within the vokanic: field 

defined previously in fi,. 325. 

SjO.-Na.Q Djacrimjpatjoo Pi ...... · Mercbbum tnd 

Afton Fqmatjoo. 

The SiO,-N"O discrimination dia ........ defined by 

Bhatia (1983) i. uaed in Fip. 329-332 to display the 

cbemic:al vllialion prneDl in the major peUoJf8Phi­

cally distinct Formations Ioc:ated in the Southem 

Uplands Study ArcL TbiI diaar-displays the ~Ia­

tive poIilion of volcanic: derived Marchbum and 

cratonic derived Afton Formation pywackcs on the 

Si01N"O discrimination diasram. Note the mons 
positive correlation displayed between N"O and 

Si02 in botbFormlllioaa; the ~latively ~tIed Si02 

and sliShdy elevatled Na
2
0 val_ within the 

Marchbum Formation; the parallel ~nds defined by 

baCh formations; the sencrally lower N"O valuea 

displayed by the Afton Formation; and the position of 

a cl .. ific:ation boundary between cratonic: mel vol­

c:amc derived formatio ... controlled predominandy 

by Si02 content. 

S;o,-N"Q Discrimination D;lI'JDli Blac:km;g and 

Scar Fonplliop. 

This disl'lIII displays the ~Iative poIitiop of vol­

canic derived Blackcrais aDd Scar FonDation pey­

wackes on the SiO,-N"O discriminatiop dia,ram. 

Note the _ak positivc conelation defined bctwccn 

baChelementa; the ~tric1Cd SiO. content andsener-
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FIGURE 327 
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aUy elevPed N~O .. 1_ icIeutified by both Forma­

tiona; and the overlapping poaition 01 bod! groupa 

within the vobnic field def'med by the MuclIbam 

Formation in Fig. 329. 

SjO.-Na.Q Qjpjmin.tjog Digram; PvmMQOlll 

apd Shins! PgnpatiCID. 

This di .... _ displaya the relative poaitiCID 01 vol­

canic;derived PyrollCDOUI aDd crltoaic:derived Shin­

nel Formation peywlCltea on the SiO,-N~O dia­

mmioation diqnm. Note the -.It poaitive rela­

tionship diaplayed between N~O and SiOl in both 

fonolltiool; the elevPed SiO. val_ diaplaycd by the 

Sbiooel FormadCID (icleDtifyiDa the crltoaic: rlOlcI); 

the poaitiCID of a amalliubgroup of _plea display­

ingrelativelydepletedNavaluea,poaaiblyiDdicadve 

of hyclrothenoal alteratiCID; and the relatively ele­

vPed N~O and reatricted SiOl values displayed by 

the PyrolIeooua FormatiOll (occupying the voboic 

field defiocd in fiS. 329). 

SjO.-Na.0 DjacrimjMtiCID Diapwn; Igcnpedjaao 

pd Hawick FormatjOll. 

This diagram displaya the relative position of en­

toaic derived Intermediate and Hawick FormatiOll 

p)'W1CIte1 on the SiO.-N~O diacrimiDatiOll dia­

gnun. Note the -.It poaitive correlation a.­

SiOl aDd N~O in the Hawick FormatiOll toaether 

with eorrcapondingly low SiO, Ievela; the relatively 

weak iner-eIemcDl correlation in the lDtcnDecliUe 

Formation; the enriched SiO, levels located in the 

Inecrmecliate Formation; the poaition 01 biply Na 

depleted ADlpIe. within both formlltiool iDfm'i1ll 

the auociation with hydrolhermal alteration aDd A.­

Sb-Au mineralisation (_ chapter 3); aDd the loca­

tion of the cratonic derived Hawiclt Fonnatioo within 

the volcanic field defioed previoualy in fia. 329. 

333- ~-r.ol Djacrimjoatjon Djal'JlD: Man;bbum pi 

Mtop Fonpatjgn. 

The SiO,-rlO. discrimination diagram def'1IIOCI by 

Bhatia (1983) il uaed in Fip. 333-336 to eliaplay the 

chemical v.iation present in the _jor petr0graphi­

cally diatioct Formationa located in the Southern 

Uplands Study Are.. This diagramdisplaya the rela­

tive position of volcanic derived Muchbum and 

crafoIaicderived Att-Formetioa Jl'CywlCItea on the 

SiO.-rlOl clillcrimination diagrllD. Note the IIrong 

in_ correlation displayed between TiOl aDd SiOl 

in bod! FonoatiODl; the relltively reatrictcd SiO, and 

elevlted TiOl .. lues dilplayed by the Muchbum 

Formaaion; tbc linp SiO.-rlO. lnIad defined by 

bod! fOl'lllltiooa: the aenerally lower TiO, val_ 

displayed by !beAftoo FormadOD; and the posidODof 

a cl_ificadOll boundary between cratonic and vol­

canic derived f~tiona controlled predominandy 

by SiO. cooent. 

334- SjQ,-r.o, Djpjmjpetiop oill'1'P: Blw;kcrailpl 

Scv Paan.jm. 

335-

336-

This diagrllD display. the relative poaition 01 vol­

canic derived BlackcniS and Scar FormatiOll ""y­

wac:ba 011 the SiOl-rlO, discrimination diapmn. 

Nolle the weak inverae corrclatiOll defined between 

bocbelementa; the IOparation oIbod! vobnic forma­

tiODl 011 the baais of cheir TiO, content (Scar Forma­

tion < l.ISwt41. rIO,); the reatricted SiO. val_ 

identified by both Formationa; and the position of 

bod! grou.,. within the volcanic field def'JDDd in Pig. 

329, with the Blackcrais F~tion exhibiting a 

clole cbemical afl"1Dity to the M.-chburn Formatioo. 

S;<4-TtOa Qjeqjmjgetj(ll Djapm; PymxepCN' agd 

Shin.l Fgnpatlgp. 

Thil diagrllD displays Ihe n:lative position at vol­

canic: derived Pyrolleooua and crltooic derived Shin­

Del FormItion are)'Wacke. on the SiOJ-rIOJ die­

crimioatioa diasn-. N_ the poor correlltion die­

played between TiOJ aodSiOJ in bod! formltiODl; the 

elevated SiOJ val_ displayed by the ShiMel For­

mation (icIcocifyiJIIlhe cratonic field); and !be re­

Itriced rIO. content 01 the volcanic Pyroxenoul 

Formation (<I.15wt") displaying limilar character­

iatics to the Sc. F~on (Fig. 334). 

apd Hawick Fgrmatjm. 

This diagram display. the relativc position of cra­

tonic derived InermediUe aDd Hawick Formation 

peywackea 011 die SiO,-rlO, discrimination dia­

gram. Note the poor correlation and wide acItIIer of 

SiO. and rIO. values in both Formationa; the n:1a-
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FIGURE 335 
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lively low SiO, levels in the Ibwick Formation; and 

the position ofHawict Form.ion samples within the 

volcmic f"JeId defined by both Scar IIIId Pyroxeaoua 

Formatioas in fial. 334 aad 335, rcapectively. 

H2,-Fe.Q, DilCrimjoggn DjaI"ND' MKCbbum "'" 

Afton PonpIIjop. 

TIle SiO,-Pep, diacriminatign diagram c1efined by 

Bhatia (1983) ia UIed in Fip. 337-340 to elilpl., the 

ebc:mical v";atioa present in the major pctro8"Pbi­

cally distinct FonnatiOlll IocaIcd in the Southern 

Uplmda Study An:a. This diagnan displays the rela­

tive position of volcanic derived MAln:hbum and 

cratonic derived Afton Formation pywekes on the 

Si02-Pe,O, cliacrimiDation eliagnan. Note the IIron8 

inverse correlation displayed between Pe,O, and 

Si02 in both FormatiOllll (mirroriD& the treod def'mcd 

by rIO,); the relatively restricted SiO, and elevated 

Pe20, valueldisplayed by the MarchbumFonutioo; 

the linsle SiO,-Pe,O, trend defiDecl by both forma­

tiQIII; the pnerally ~ Pe,O, values dilplayed by 

theAftoaFonnatioa; and the IppfOUmate position of 

a cl_ification boundary between cntonic Iftd vol­

canic derived f0m2atioa1 (controlled predominaDdy 

by SiO, conllent). 

SiQ.-Fe,O. Qisrjrnjpatjgn Diyrup' BlIckmia agI 

Scar FonnatiOll• 

This diasraID displays the relative positiOll of vol­

canic derived Blackcraia and Scar Formation grey­

wekclOll the SiO.-Fe,O, disc:rimination diasram. 

Nolle the _Ik inverse correlation defined between 

bothelemeDll; the separation ofboth volcanic forma­

tiOlll on the buis of their Fe eODllent (Scar Formatioo 

<B.3wt'1, Pe,O,); the low, restricted SiO, v.1.s iden­

tified by both F0m2atiOl!l; the )JOSition of both JI'OIIPI 

within the volcanic field def'mcd by the Marchburn 

Formation in Fia. 337 with the Blacltcraig Formation 

exhibiting a close cbc:mical affinity to the M..-chbum 

Formation. 

lii<>,-Fc,O, DilCriminlljgp Djapwni Pyroeo,"" 

md Shim!!1 F!!I'IIIItjog. 

This diasranl displays the relative position of vol­

canic derived Pyrollenoul and crltonic derived Shin­

uel FonnatiOll pywacltes on the Si02-FePz dis-

341-

342-

criminatiOll diagram. Note the inverse correlati_ 

displayed between Pe20, and SiOz in both forma­

tiOl!l; the elevllted Si02 values displayed by the 

Shianel Formation (iclentifyinS the cr.onic f'Jeid); 

the 'inale SiOZ-Pe20, !rend defined by both f0m28-

tions; and the eievalcd Pe20. content of the volcanic 

Pyrollenoua Formation (<6 wt'I,) displayins .imil .. 

characteristics to the Scar and Blacka,ia Forma­

tiona. 

Si<>,-Fe DilCrimioaJiCIJ Dj ..... O,. Intermediate tnd 

Hawjck FqmapSl!. 

This diasram display. the relative position of cra­

tonic c1erived Inllennediate and Hawick "7ormatiOll 

peywacke. on the SiO.-Fe20, disc:rimim.tion dia­

sram. Note the poor correlatiCIJ and wiele _.uer of 

Si02 and Pe20, valuea in both Fonnllionl; the rela­

tively low Si02 level in the Hawick Formation; and 

the poIition of Hawick Formltion samples within the 

volcanie field defined by both Scar and Pyrolenou. 

FormatiOOB in fiSI. 338 and 339, respectively. 

(fetMa>-Ti DilCriminaljop Di'mm; Mmbbvm 

mel AfIop FqmatiSl!' 

TIle (Fe20,+MgO)-Ti02 diacriminatioa diasram c1e­

fined by Bhatia (1983) is UIed in Fip. 341-344 to 

display the cbemical variation present in the major 

pctro8"Phicaily distinct Formations located in the 

Southem Uplanck Study Are .. This diasram displays 

the relative position at volcanic derived Marchbum 

and cratonic derived Afton Form.ion lreywackea 

on the (Fe+Ma)-Ti diacrimin.ioa diasnm. Note the 

ItrCIJI positive correlltion displayed between the_ 

v .. iablea in both Formationa; the reillively low 

Fe+MI value. displayed by the Afton Formation; the 

sinlle trend defined by both formatiOl!l; the Fner­

ally lowerr.o2 valueaelisplayed by the Afton Fonna­

tion; and the approximate position of a claameation 

boundary between cratonic and voJcaaic c1erived 

formationa. 

(fe+M.l-Ti Discrimination Di_rami Blackcrail 

and k Formatjop. 

This diagram displays the relative position of vol­

canic derived Blackcrail and Scar FormatiCIJ grey­

wekc. on the (Fe+Mg)-Ti diac:riminatioa diap-am. 
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FIGURE 338 
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FIGURE 341 
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Nole the IItroDg positive correlation definecl betw.D 

bothelcmcou;the leplII'IdioDofbothvolcaoict-a­

tiona OIl the .,.. of their rIO, content (Sc. 

Formetioo<l.lwt~ rIO,); the relatively hish 

PcP.+MsO values ideIIIificcI iD bocb~; 

the position of both poupa within the volcuic field 

def"med by the Mucbbum Pormaioa iDPi,. 341 with 

1he Blaeltc:rais FonnatiOll ahibitina a elmo chemical 

aimihrity to the Man:bbtn1I FonDaIico. 

<&+Ma}-Ti DjpjmiDlljon Pia .. • PvmlClKNI 

apd ShinE' fqnpIIjco. 

This diaIV- cliaplays 1he relative position of vol­

caoic derived Pyrox_ .... cntoaic derived SbiD­

DCI Formation pywackea 011 the (Fe+MI)-Ii d .. 

aiminatiOll diasr-- Nole the weak positive correia­

tiOD displayed betw.D Fe+MI aod TiO. iD both for­

maaioaJ; the reatricIed Pcp, +MaO values displayed 

by the Shimel Formatioa (identifyiD, the c:ratoaic 

field); aod the elevated PcP,+MaO content of the 

volc:mic PyrollCDOU8 Formatioa (<14 wt«I.) display­

iDS limilar cb .. acteriltica to 1he Sc .. aod Blackenail 

Formatioal. 

pi Hawick Fonpatjep. 

ThiI diasr- diaplaYI the relative position of cra­

toaic derived Intermediate aod Hawick FormatiOll 

pywackea 011 the (Fe+Ms)-Ii diacriminatioo dis­

pam. Note the .... 011' inter~lement correlatiOll ad 

relatively low Fe.O,+MaO leve" «14wt«1.) in both 

FormationI; .... the llipt reduction of FeP,+MaO 

leve" in the Hawick FormatiOD compared with Inter­

medi_ FormatiOll vaiuea. 

345- CFe+MSHAJlSil Djeqimj.tjgg Diapam: 

Mersbburo mI Aftpn formatiep. 

The (Pc+MS)-(AllSi) dilc:riminalioa di..-n de­

finod by Bbatia (1983) il used iD Pip. 345-348 to 

display the chemical variation preaent iD the major 

JICCrOII1IPbicaIy diItiac:t FormatiODI IocaIed iD the 

Southern Uplands Study Area. 11Iia dia ....... d .. 

plays the relative positiOD of volemic derived 

M.-chburn mI cratonic derived Afton Formation 

pywackea 011 the (Fe+Ms)-(AllSi) di8criminati1lft 

diaIVIIII. Note the _aIt positive corrclatiOll d .. 

played between 1heae variabiea iD both Formationa; 

the ...,latively low Pcp, +MsO values diaplayed by 

the Afton Formation; the linBIe trend def"UJed by bod! 

formatiolll; the SCncrally higher AllSi values dia­

played by the Marcbbum Formation; aod the ap­

proximate position of a cluaif"tcation boundary be­

tw.D cratonic mel volcaoic derived formationa. 

346- lFe+MSHAlISi) Diaqjmjpation Dilpam; 

BldeRiS apd Sew Formatjgp. 

347-

Thia diaIVml displays 1he relative potIitiCXI of vol­

caaK: derived BlackcraiB aod Scar FormatiOll I"'y­

wackea on the (Fe+Ms}{AllSi) dilcrimination dis­

pam. Nole the poIitive COI'I""lation defined '*­
both variablea; the overlapr,i'l Datu..., of both vol­

canic fOl'lllltiODl; 1he relati,'e •• v hip Pc,o,+MsO 

values identified iD both Formationa; mI the poaitioa 

of both pupa within the volcanic field defaned by 

the MlRbbum FormatiOll in Pia. 345. 

lFe+MaHAllSil Dieqimjge«jgp DjlPJllli 

PYroxeDOVl and Sbjmel Fonnatilll 

ThiI diaFml displays the ...,Ialive poaition of vol­

canicderived Pyroxenoul mI cratonic: derived Shin­

DCI Formation pywackea on the (Fe+Ma)-(Al/Si) 

dilcrimiaationdiapam. Nate the positive c:orrelatioa 

and lingle compolitilllal trend displayed her­

Fe+MI ad AVSi in both formations; the I'CItrictecl 

Fe+M, values displayed by 1he Sbinnel Formation 

(identifyinB 1he cratonic fielef); and the elevated 

Fe+MI cODleDt of the Pyroxcnoul Formalion «14 

wt«I.) diaplaying limil .. characteriaticl to the Scar 

mI Blackcraig FormatiODl. 

348- <Fe+MIHAJlSi> DitqjmjQlIjon Diapmi 

IntennedjalG and Hawjck formation 

This diasram displaYI the relative poaition of cra­

tonic derived Intermediate aod Hawick Formation 

Breywacbl 011 the (Fe+Mg)-(AllSi) discrimination 

diaIVml. Note 1he Itronl inter~lement corlllliation; 

the ...,Iatively low Pe+Ms leve" «14wt11.) iD both 

Formationa (defining the cratonic (Jelef); mI the 

.IiP' reduction in Pc+MI and AllSi leve" in the 

Hawick Formation compared with the juxtaJK*d 

Inlermedille Formation. 
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349- <PetM,HKJN.l pjeqiminlSigp Piagam; 

MKSbbum apd Aftop formatjOll. 

The (Fe+Mg)-(KIN.) dila'iminltioa diagnm de­

fined by Bb.tia (1983) ia ..eel in Pip. 349-352 to 

display the vanatim prceeDt in the major petrogra­

phK:aDy distinct Formationa IocaIccI in the Soatbem 

Uplaocla Study Azea. Thia diagramdiaplaya the rela­

ti~ posidoo of volc:anic derived Marcbbum and 

cratoaic derived AftOll Formation greywacba on the 

(Fe+Mg)-(KIN') dillc:riminliboD diaaram. Note tile 

weak positive correlation diaplayect '*- tbeac 

variables in bocb Fonnatiou; !be relatively low 

Fe+Mg valueacliaplaycd by the AftonFormalion; tile 

geaenUy bigher KINa (>0.5,",,) values dilplaycd 

by the Aftoo Formatioa; IIId tile approximate pwi­

tim of a boundary between entOPic and vo1c:anic 

derived formatiooa. 

350- (fetM,HKlNa> Dpgjrnjn,,;m Piqnm: 

351-

BIRa, and Scv FomM1jgp. 

Thia diagram displaya the relative pwitioo of vol­

canic derived Blacltcnig and ScK Formatioo pey­

wacba 00 the (Fe+Mg)-(KINa) dilcriminatioo dia­

gnm. Note the poor correlatioa defined between 

both vviable.; the overlappinl aaIUre of both vol­

canicformatiml;the hilhFe+Ma(>llwtIl)1DCI1ow 

KIN. valuea identified in both FormatiOlll; and the 

position of both IfOUPII within the vo1c:anic field 

defmcd by the Marcbbum Formation in Fil' 349. 

(fetM,HKlNa> Djlcrimjnlljog DillPA'; 

PvroxeDOUl gel Shjmel Fmpatioo. 

Thil di.gr .... diaplaya !he rel.tive pwitioo of vol­

canic derived Pyroxenoua andcratooic derived Shin­

nel Formation areYWacltel 00 the (Fe+Ma)-(K/N.) 

dilcriminatioo diagnm. Note. the poor comlatioo 

dilplayed by both vanablel; the remictecl Fe+MI 

values «II ppm) diapl.yed by the Shinnel Forma­

tim (identifyinl the cratonic field); the low KINa 

valuea ..xf elevallcd Fe+MI (>11 wtIl) coateDl of the 

volc;anic Pyroxenou. FormatiOll displaym, .imilK 

characteristics to the ~ and B1ac1tcrai1 Forma­

tiOIlI. 

352-

353-

<FctMa>-<ICJNa> Djacrimin14jon DjalQ!Di 

Imermecljalt apd Hawick Foanatioo. 

ThiI diagr.m diaplays !he relative position of era­

tOPic derived Intennediate and Hawick Fonnatioo 

peywacltel 011 the (Fe+MI)-(KJNa) diacrimina-

tion diapam. Note the strong inter-element coneta­

tiOll; the relatively low Fe+Mglevela (<I3~) in 

both FormaN»1II (the cratonic field); and the alight 

redDCtiOll in Fe+MI and elevated KINa level. bolh 

fonnatioal compared with other fonnatiODl in the 

Southem Uplands. 

tFetMs)..c.w<CItNa)) DjalOQ!i Marchlzvrn and 

Aftoo Ponpt,: .. 

The (Fe+M.' ,·;AII(Ca+N an ciacrimination diagram 

def'med by Bh.,t .. , (1983) is uaed in Pip. 353-356 Ie 

diaplay the chemical variatioa pn:acnt in the major 

petrographically distinct Formations located in the 

Soutbem Uplandl Study Area. NOlie that willi the 

ellc:eption of the Hawick Fonnation, anomalous All 

(Ca+Na) v.lues provide an alteration index relating 

Hdium depletion and clay alteration with hydrother­

mal activity. This diagram display. the relative po­

sitioa of volcanic derived Marcbbum and cratonic 

derived Afton Fonn.tion areywackel on the 

(Fe+Ma)-(AI/(Ca+Na» dillc:riminatioo diapm. 

Note tile poor cOiftlation displayect by both Forma­

timl; !he relatively low Fe+Mg valus diaplayect by 

the Aftoa Formation; the elevated AJI(Ca+Na) 

(>2.SwtII(,) val_ diaplayect by the Afton Formation; 

and the positim of acl ... ific:ation boundary bet_ 

cratonic and volcanic derived fonnatioDL 

CFe±M,HAU<Ci+NI» PialDor BlacWljS and 

ThiI diaar- dilplaya the relative position of vol­

canic derived Blackcnil and Scv Formation pey­

wacbl on the (Fe+Mg)-(AI/(Ca+Na» dilcrimina-

1i9D diapam. Note the poor correlation defined be­

tween both variables; the overlapping nature of both 

volcanic fonnations; the hip Fe+MS (> II ~) and 

low AV(Ca+Na) values identified in bolh Forma­

tions; and the positioo of both JI'OUPI within the 

volcanic field defined by the Marchbum Fonnati. 

in Fig. 353. 
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FIGURE 351 
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355- <FetMaHAJI(CatNa» Piqnm; PmpM9!l' .... 

Shjppel Ponpatjop. 

This diasr- displaya the rel.tive poaitioa at vol­

caic derived Pyroll:eaoaa and c:ntGnic derived Shin­

ncI Ponution greywacbl on the (Pe+MsHAJ/ 

(Ca+N.» cIiKrimiaaIioa cIi • ...-. Note the poor 

correlation dispI.,ect withia boIb Formadoaa; the 

I"CIItric:tcd (<ll~) Fe+Ma val_ dillpla,ect by the 

SbiaDel FormaIiOll (icleatifyins the c:ntoaic: field); 

and the elev.tDd Fe+Ma (>11 wt/I.) content of the 

volc:Dc: Pyro_ F-atioa (wbicb displaya 

aim"" aaributca 10 bocb the Scar UId BIacb:raiS 

FormationII). 

356- CFetMaHAJl<CtiN.n DiaIAQl: Impnnpdjatp mf 

Hawick Poop.tion· 

This di.pam displays the relative poeition of cra­

tonic: deriwcl Ioeermediaec UId IUwicIt Form.tioa 

sreywackes on the (Fe+MaHAJI(Ca+N.» dillCrimi­

DIllion diagram. Note the atrooS iatcr.lement com:­

latioa; the relatively lowFe+Ma levels «13wt/1.) ill 

both Formations (the cratonic field); UId the reduc­

tioa in AJl(Ca+Na) levels ill the Hawic* Formatioa 

umpiea (due to the influx of detrital carbonate UId 

acc:ompanyina .harp incre.c in C.o values). 

357- Th-La DjaqimjoaJiop Pia .... : Mvcbbgm mf 

Aftpp PgmaJiop. 

The 'fh.Ladiacriminationdiasnm defined by Bhati. 

(1985) is ulCCl in Fip. 357-360 Iodisplaylbecbemi­

cal vari.tion present in the major pelrOJnllbically 

distinct Formations located in the Southem Uplanda 

Study AIeL Thil diagnm dilplayalbe relltive poti­

tion of volcanic derived Man:hbum and cratonic 

derived Afton Formltion sreywackes 011 the TIl-La 

diacrimin.tiondiapam.Notethepotitivecom:lation 

dillplayed by boIb Formationa; the relatively low La 

md Th values diapla,ect by the Marc:hbum Forma­

tion; the elev.ted La (>2Oppm) UId 111 (>Sppm) 

values cliapl.,ect by the cratonic Afton Formation; 

md the poaition of • approximate diacrimination 

bouncWy be~ c:ratonic UId volcanic deriwcl 

fonnadona. 

358- Th-La QMqjmjAtiOll DiImm: B1ackcRi. mf Sew 

fonnatjoo. Thil diapam displaya the relative posi-

tioa at volcanic derived Blackerai, UId Scar Fonna­

tion greywackes on the La-Th diacrimination dia­

pam. NOIe the __ poaitive conelltion defined 

between La UId Th; the overl.ppmS COIIIpoIIitionai 

fields UId senerally low «IOppm) Th level. in boch 

Formati_; the relatively low La values «17ppm) 

ideatifyins BlacltcraiS F-atioa AIIlplea; UId the 

concentration of both POUJII within the volcanic 

field defined by the Mvc:hbum Formation in FiS. 

357. 

359- Jo-l.a Djesrjmj.'iCl! DialD'P: PyrplljCaopl mf 

$bin.' IIgrmaljqp 

Thill diqnm dillplaya the relative poaition of vol­

cmic derived Pyroxeaoaa UId «.tonic derived Shin­

ul ~ormaIiOll greyWaclte. an the Tb-La diacrimiaa­

tioa diapam. Note the poor correlation dilpl.,ect 

within boch IIonnationa; the reatricted «IOppm) Tb 

valuea diapl.,ect by the Pyroxenoua Formatian 

(identifyiDBthe volcaaic: field); aaclthe overlappina 

nature of bocb compositional fielda. The Shinnel 

Formation aamplea displ.y .imilv .ttn"butea 10 both 

the Afton FonnaIion __ plea (F"'1. 357). 

360- Th-h DilcrimjpetjClt Diapam; Iptggy4_ IIIIl 

Hawick FgnpMjCl!. 

361-

Thia diapwa dillpl.ya the relative position of cra­

tonic derived Iatermedjatp and H_ick Fonnatioa 

sreywacltea on the Th-La diacriminltion dia ........ 

Note the wide ac.tler and poor iatcr.letneatconela­

liCIt displayed by mcmben at both Fonn~; the 

stronSly overIappins compositional fielda of both 

Intermediate and Hawick Formation sreywackes; 

and the potitive shift in both La and 111 values .way 

&om that defiain, the volemic: Blackema and Scar 

Formationa. 

<KIK+Na).(K+N.) PiacrimjoedCl! PjllJWDi 

Mm:bbum lOCI Afton FormatiCl!. 

The (KJK+N.)-(K+N.) cliqram defined by Cathe­

Iineaa (1983) iI.aed in Pip. 361-365 to diapl.y the 

chemical vari.tion present m the major petrosraPhi­
cally diatiact Formationa Ioclted in the Southern 

Uplanda Study An:L The JCJK +H. variable is uaed by 

Calhelineau (op. cit) to _ .. the level of poea.ic 

metaaomlltiam preaent within individual umpIea, 
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FIGURE 357 
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FIGURE 359 
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FIGURE 360 
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and Ibis is c:ompared with the tocaI alblii content of 

the _pies in order to _ the possible effec:ls of 

aodilllll 8ddition or depletion. This diasnm displays 

the relative position of volcanic derived Marchbum 

and cratonic: derived Afton Formation greywacbs 

on the (KJK+Na)-(K+Na) dillCriminatioo diaaram. 

Nolle the wide sedler aod poor correlation displayod 

by boch Formations; the relatively low KJK+Na val­

ues (<45) displayed by the Man:bbum Formation; 

and the relatively consistent total alblli levels dis­

played by both Fonnatioas. 11Ie position of a dis­

crimination bouDdary betweeD cratoDic and volcanic 

derived formatiOll8 may be defiDed on the basis ofK! 

K+Na conteat aIooe. 

362- QClKtNaHKtNa> DjecrjrnjMlioo DiIlQlD: 

363-

364-

Bleckmj& "'" Sew Formatjqp. 

This diap'SID displays the relative positioo of vol­

canic derived Blackcmg aod Scar Formatioo grey­

wackcs on the K/K+Na)-(K+Na) diacrimioation dia­

gram. Nolle the weak positive correlation defined by 

Blacltcnig Formation samples; the overlappins 

compositiooalfields aod low «4S) KJK+Na levels in 

both Formations; the relatively lower K+Na values 

«4wt~) identifying Blackc:raig Formation samples; 

and the concentntion of a large proportion (~)of 

samples within the volemic field def"med by the 

Man:hbum Formatioo in Fig. 361. 

<KDC.+NaHK+Nal Discrimjnalioo Djqram; 

Pymepo!ll and SM_I FormatiCIL 

This diap'am displays the relative position of vol­

canic derived Pyroxenoua and cratonic derived Shin­

nel Formation greywacltes on the (KJK+Na)-(K+Na) 

discrimination diagram. Note the wide ICIUcr and 

poor correlation displayccf within boCh FonnatiOlll; 

the large range of KJK.+Na values displayed by the 

Sbinnel Formation; the n.row. restricted rIDge of 

K+Na values displayed by the Pyroxenous Forma­

tion and the overlapping nature of both composi­

tional fields. 

<K/KtNaHK+Nal DiKrimjMJion milAm; 

In!egnedjalc and Hawick Formation. 

This diagram displays the relative position of cra­

tonic derived Ineennediaee and Hawick Fonnation 

365-

366-

greywacltes on the (KJK+Na)-(K+Na) discrimina­

tion diapam. Note the wide scalier and poor inlier­

element correlation displayed by the Inliennediaee 

Formation; the relatively restricted compositiooal 

field and the narrow K+Na rIDge of values displayed 

by the Hawick Formation; the positive shift in val_ 

of both formations to wiChiD the cratonic field (KJ 

K+Na >45); the strongly overlapping compositional 

fields of both Intermediaee and Hawiclr. Formation 

greywackes; and the small subeet of hydrothennally 

altered samples defmed by KJK+Na values in uccss 

of 7S-8011.. Nolle the preaence of altered samples in 

both Formations and the reduction in IotII a1lr.a1ii 

content formed .. a result of sodium depletioo ad 

dicltitisation procesaea. 

lJCIK+NaHKtNal DiKrimjnaling Djap'up· Aa-$b­

AM Mjg;nliWjop Study 

This diagram displays the relative position of cn­

tonic derived Hawiclr. Formation greywackes and 

their minenlilled equivalents on the (K/K+Na)­

(K+Na) discrimination diagram. Mineralised 

samples were obtaiDed from boreholes tbroulh die 

Glendiminl Aa-Sb-Au deposit. Noce the narrow 

K+Na nose of values displayed by unminenliaed 

Hawick Formation samples; the _II subet of II­

eercd sampleadefined by KJK+Na values innccu of 

75-8OCJ. and/or K+Na values leu than 3wt~. Note 

the marked concentntion of minenlised samples 

occupying a n..-ow. elliptical field on the right hand 

edge of the p1ot,definecf by KJK+NavalRs innccss 

of 9()f4 and displaying the lowest recorded total 

alltalii coateDt of any greywaclr.e in the Soulhem 

Uplands. 

feLM,-Cr Discrjmjo,tioo Djqram; Marcbbum ap4 

Afton Formatjoo. 

11Ie (Pe/Mg>-Cr discrimination diagram defined by 

Ricci and Sabatini (1976) is used in Figs. 366-369 to 

display the chemical variation preeent in the major 

petrographically distinct FormatiOll8 located in the 

Southern Uplands Study Area. Ricci and Sabatini 

(op. cit) used Chis diasram to demonatnee the rela­

tionship between the preaence of mafic clast compo­

nents and elevallCd Cr values (up to 4SOppm). Ia 

addition, the negative correlation between Cr and Fe! 
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367-

Mg wu IIICd to sugaeat a clc.e magmatic relatiOD­

ship within the _roe mallerial and to nde out any 

geocbemicaI differeutiation of Cr relatiw: to Mg in 

the aedimentuy, diagenetic or metamorpbic environ­

menta. Both Cr-rich pyroxenes and/or O-ricb spinels 

provide the likely _roes of Cr enrichment in the 

Southem Uplanda Study area. In addition, elevated 

Ni values (particularly the M.cbbal"l Formation) 

indicllte olivene to be a further potential aouree of Cr 

enricbmenL This diagnm diaplaya!he relative posi­

tion of volcaaic derived M.cbbum mel cntonic 

derived Afton Formation greywacba .JII !he (Fe! 

Mg)-Cr diacrimination dia ....... Note !he in_ 

correlation displayed by botbFormatior ~ (inferrin, a 

positive correIltioo betweeD M, and :. .); !he rela­

tively low Cr values (<2SOppm) diapLy..<l by !he 

Afton Formation; the highly elevated Cr values (mu 

9OSppm) and restricted FcIM& values (<2.2) dis­

played by the MuchbumFormation; and the position 

of a discrimination boundary between cra10Dic and 

volcanic deriwd formations which may be defined 

on the buis of Cr cootent alone. 

feiM.-Cr Djscrjmination Djaptm: Bllckcraj. 

md Scar Fqnpatiog 

This diagrllD displays the relative poaitiOll of vol­

canic derived Bllckcrai, and Scar Formation grey­

wackes 011 the (FeIM,-Cr discrimination diagram. 

Note the weak inverae correlation defined by both 

Formations; the relatively low FelMg ratio «1.6) and 

elevated Cr values (mu 476ppm)defined by the Scar 

FormatiOll; the diac:rimiDation of both formationa 011 

the buis of FcIM& conal; and !he relltively low Cr 

levels (<2OOppm) displayed by the Blackcraig For­

mation aampIeII; and the grouping of a larse portiOll 

(>9S~) of samples within the volcanic field def'JDed 

by the Marcbbum FormatiOll in Fig. 366. 

368- FeiMa-Cr Djtcrimjoatioo Diagram: PyroxcDOUl 

and Shin",,1 Fgmatim. 

This diagrIID displays !he relative position of vol­

canic derived Pyroxcoou_ and cralmic derived Shin­

nel PormaaOll greywacba 00 the (Fe/MJ)-Cr dis­

crimination diagram. Note !he narrow range of Fe! 

M, mel Cr values displayed by !he Pyroxeooul For­

mation (IocaIed within !he volcanic field); !he appar-

ently bimodal groupin, of values within the Sbi_1 

FormaaOll (I high Cr group displaying an invene Ie­

latiooahip with FelMg and a low Cr groupdiaplayina 

a poor correlation with FeIMs); and the overlappina 

nItUre of both compoaitiooal rlClda. 

369- FeJMg-Cr DjacrimjDlgon Diaaram: Intermed_ 

and Hawick Formation 

This diagnm displays the relative position of c0-

lonic derived Intermediate and Hawick Formation 

greywackea on the (Fe/M&>-Cr discrimination dia­

gram. Note the wide acaUcr and poor inter-element 

correlation displayed by !he Intermediate Formatioo; 

the relatively restricted compositional field and the 

narrow range of Cr values displayed by the Hawick 

Formation (50-lOOppm); the atroosJy overlappina 

compoaitional fields of both Intcrmediate and 

Hawick Formation greywackes; and the _aU SUMet 

of hydrothermaUy aJtcrecI Hawick FormatiOll 

aamplea defined by Fe!M, values in excc.. of 

1.7wt«l.. 

370- x-e.o DiscrimjMtjop Djlpam: Marchbum l1li 

Aftpp fonnatiog· 

The Y -CaO diacrimioatioa diagrllD def'med by Lam­

bert and Holland (1982) is used in Fip. 370-373 to 

display !he clJCmicai variation present in !he major 

petrographically distinct Formatioaa Iocat.ed in the 

Sou!hem Uplands Study Arc .. 

This diagrllD displays the relative positiOll of vol­

canic derived M.-chbum and cratonic derived Afton 

Formation greywackes 011 the Y -CaO diacriminatioa 

diagram. Note the ...-row, reatricted ran8C of Y 

values defined by each FonnatiOll; the poor correIa­

tiOll displa~ by both Formatioaa; and the relatively 

elevated Sr levels (>150 ppm) displayed by the 

Marchbum Formation, controlling the position of a 

discrimination boundary betweeD cratonic and vol­

canic derived formations. 

371- Y-CaQ Djlcrimipatim Diamm; Blackcrai ..... 

Scw fonnatilll. 

This diagrllll displays !he relative position of vol­

canic derived Blackcrai, and Scw Formation grey­

WICkes on !he Y-CaO discriminatiOll dia"..... Note 

the poor correlation definod by both Formations; the 
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FIGURE 369 
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relatively low Y values displayed by Ibe Scar Forma­

tion; !be distinct compositional fielda at both Black­

craig and Scar Formations _PandDCf by the 

Y-25ppm duuhold; and !be slight poaitive shift in 

CaO v"uea displayed by the voJc:.nic Bladtcrail 

Formation. 

372- Y-CaQ Djpjmjpetjon DiIP'P'· Pyroppou 

II!d MinMi FormaJim. 

This diagr.u display. Ibe relative poaition at vol­

canic derived Pyroxenous and cr.OIlic derived Shin­

rael Formatioo pywackes on Ihc Y -CaO diacrimina­

tim diaaram. Noec Ibe narrow, reatricted I1IIIF ofY 

v"ues displayed by both Formations; Ibe poor inter­

elemeut com:latioo displayed within both Forma­

tiOllll; Ihc '-. rIIlF ofCaO v"_ (max 12.27~) 

displayed by Ibe Shinnel Formatioo; !be elevated 

nnge of CaO v"ues displayed by Ibe volcanic Py­

roxenous FormaIlion;and !be overlappinl nature of 

bod! compoaitioaal fielda. 

373- Y-CaQ DjpjrnjMtj!ll Diapam; Iotqmpdja. agI 

Hawick Fonpatioo. 

374-

This diaJRlll displays !be relative position of cra­

tonic derived Intermediate and Hawick Formatioo 

pywacltes 00 the Y -CaO discrimination diaJRlll. 

Note !be elevaed nn. of CaO vailies (max 

18.3S~) displayed by Ibe Hawick Formation, the 

restricted nnge of CaO values displayed by !be 

Intermediate Formatioo «3wt~) and the relatively 

wide nnF of Y values (20-45ppm) displayed by 

both Formatioal. The C.o values identif"Jed wichia 

Ihc HawicltFonnationdisplay !be highest1evela of all 

greywacke formations present in !be Sou!bem Up­

landa and _rve to identify Ibe influx ofcarboolte rich 

detritus from the IOUI'c:e terraill. 

Sr-YDiscrimjnatiOll Djlpwn: Marcbbum and Afton 

formation. 

The Sr-Y diKrimin.ion diagram defined by Lam-

. 1Iert and Holland (1982) is .-d in Pip. 374-377 to 

display Ibe cbemicaI variation present in !be major 

petrosraphicaIly distinct FormatiOIlII located in !be 

Soulhem Uplanda Study Area. This diaJ11ll1l displaya 

Ihc relative posilion at volcanic derived Marchbum 

and cratonic derived Aftoo Form.ion greywadtes 

375-

376-

377-

0Il1be Sr-Y dillcriminationdiaJfml. Noec!be narrow. 

reatricted I'IIlse of Y values defined by both Form __ 

tions; Ihc poor correlation displayed by both Form __ 

1i0llll; and Ihc relatively elevated CaO levels (>1.5 

wt'lI.) displayed by the Marchburn Formation. n.e 
poaition of a diacrimiaation boundary between cra­

tonic and volcanic derived formations are poorly 

eonatniacd on this diaJl'llll. 

Sr-Y Dieqjmjpetjog Dill"l!Di Blackcnil and Sew 

Poopation 

This diagram display. the relative poaition at vc.f­

caaic derived Blackcrail and Scar Formation pey­

waclces on the Sr-Y discrimination dilJrIIIL Note 'he 

we_ poaitive correl.ion defined by both Forn," 

tiOllll; the rdatively low Y and elevated Sr v .... :'11 

displayed by the Sc_ Fonnation; the di.tinct com­

-poaitional fields of both Blackerail and Scar Form __ 

tiOllll .eparatcd by Ihc Y -2Sppm 1hreaIIo1d; and the 

reatricllcd Sr v"uea (<3OOppm) displayed by Ibe 

volCinic Blacltcnil Fonnatioa. 

Sr-Y DilCljrninltjog Djqrup; PyroxepoYI apd 

Sbingcl foppItjon 

This diagr .. display. Ibe relative poaitioo of vol­

canic derived Pyrollenous and cr.onic derived Shin­

rael Formation pyw8Cltes on !be Sr-Y discrimina­

tioodiaaram. Note the narrow, restricted nnse ofY 

values displayed and !be poor inter-clement correl __ 

tim displayed by both FormatiOllll; Ihc elevated Sr 

!evela identifyina PyrOllenoua Formation samples 

(>3OOppm) md the restricted Sr !evela «3OOppm) 

displayed by Ibe cratoaic Shinnel Fonnatioa. 

Sr-Y Discrimjplljop Digram: Iolermedj* md 

Hawjck Formation 

This diaJl'llll displays Ihc relative positioo of cra­

tonic derived Intermediate and Hawick Formation 

pywackea on the Sr-Y discrimination diagram. 

Noec the relalively restricted ranse at Sr values (_ 

263ppm) displayed by ths Hawick Formation, !be 

elevlted ran. at Sr values displayed by Ihc Inlen.­

diatc Formation (ma 51Oppm) and the comp_ 

tively wide rmae of Y values (~Sppm) displayed 

by both Formations.. 
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FIGURE 376 
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378- ~O-Rlz l2i11<l:imilllli!llll I>iqum; Marchbum IUd Note the n ... ow compositional range. lingle trend 

Aftog Formatjoa and IIrong positive corrclatiOll displayed by both 

The ~O-Rb disc:riminatiOll diagram defined by Formations; the overllpping compositional f"1C1ds of 

Rock (1985) il uacd in Fip. 378-382 to display the both groupe; and the elevated valUCI (>3~ ~O 

clJCmicaI Vlriatioa prcaclll in the major pctrographi- and >IOOppmRb)displayed by both Formations in-

caDy distinct Formatioos 10caIed in Ihc Soulhcm dicativc ofhydrocbcnnaUy altered aamples (IICC Pi" 

Uplaoda Study ArcL This diasnm displays the ftOla- 382). 

live position of volcanic derived Marchbum and 

cratonic derivedAftOll Formation grcywackCl on Ihc 382- K,Q:Blz l2i1s<dllliDlIi!lllll2iUOlll; AI;jIt:AII 
~O-Rb discriminalioo diagram. Note the narrow Mjg;nljllljon Stydy 

compositiooal range. lingle lft:nd and positive COITC- This diagrun displays the ftOlative position of cra-

lationdisplaycd by bod! FonnatioDa; the overlappina tonic derived Hawick Formation greywdes and 

compositiona1 ranp; and the elevated Rb and ~O their mincraliacd cquivalcnta on the ~O-Rb dis-

levels displayed by Ihc Aftoo Formation. The posi- c:rimination diagram. Mincraliacd r-qnplel were ob-

tiOll of a discrimination boundary between cratonic tained from boteholca tIvough the :; Iendinnins A... 

and volcaaic derived formationa is poorly COD- Sb-Au deposiL Noec Ihc narrow com,c. .ttiooallft:nd 

atrainecI on this diagl'am due to Ihc level of over!.., and sll'OIIS positive correlation displayed by uo-

between Ihc two groups. mineraliacd Hawick Formation aamplca; and the 

elevated levels (>3~ ~O and >100ppm Rb) and 

379- ~O-RJz Discrimilllli!llll J2i'lfIQIi BJ.ckuail IUd ellpanded range displayed by hydrothermally altered 

Scar Pmpati!llll. IIIIIDpIca from Ihc Glendimina deposiL The positive 

This diagram displays the ftOlative position of vol- CorreiatiOll displayed between ~O and Rb is fonned 

canic derived B1ackcraig and Scar FormatiOll py- a a ft:Iult of Itrong mineralogical control, with clay 

wackes on the ~O-Rb diacrimination diagram. Note minerall (potauium aluminium aillicates) forming 

the narrow compositional ranae. single bend and the main host to Rb valuel. 

slrona positive corrclatiOll defined by both Forma-

tions; the ftOlatively restricted Blackcraia Formation 383- M&Q;j[ l2i11<dmiDIlism l2illll'W; Marcblzllm IUd 
values; and the overlapping compositional fields of Afton Pmpalion· 

both Blackcraiallld Scar Formations. The MgO-Sr discrimination diasram defined by 

Rock (1985) is uacd in Fip. 383-386 to display the 

380- K,Q:Rb WlCrimilllli!IJ 12~1IPID; PvrollCOOua II1II chemical Vlriation pROaclll in the major petrographi-

$hingel fonpatjop. caDy distinct Formations located in the Southern 

This diagram displays Ihc ftOlative posilion of vol- Uplaoda Study ArcL This diapam displays the ft01a-

canic derived Pyrollcnoua and crltOnic derived Shin- live position of volcanic derived Marchbum and 

nel Formltion grcywackes on the ~O-Rb diacrimi- cratonic derived Afton Formation grcywackel on the 

nation diagram. Note a in Pft:vioua ~O-Rb plota, MgO-Sr disaiminatiOll diagram. Note the wide scat-

the narrow compositional range single lft:ncI and fer and inverac relationship displayed between MgO 

slrona positive corrclatioo displayed by both Forma- and Sr in the Marchbum Formatioo; the narrow 

tions; and the cJoacly overlappina compositional restricted range of MgO and Sr valucs (MgO <6wtII. 

ficldll of both groups. and Sr <2OOwt%) displayed by the Afton Formation; 

and the cluaif"tcation boundary between the two 

381- ~O-Rb Djscrjlllilllli!llll WiJl[am' lntemiedillG IUd groups. 

Hawick PqmIIjCIL 

This diagram displays the ftOlativc position of cra- 384- M~[ l2i11<rimilllli!llll l2ill&l:IIIl' Blmmi. mI 
tonic derived Inacnncdiate and Hawick Formatioo Scar Fonpation· This di..,-am displays the ftOlati .. 

pywackca on the ~O-Rb dillCrimination diagram. position of volcanic derived BldcRiS and Scar 
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FIGURE 380 
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FIGURE 382 

[J MineraLised 
• UnmineraLised 

200 

[J 

180 [J 

160 

140 

120 

E 
Cl. 
Cl. 100 

.D 
~ 

80 

6C 

40 

20 

0 
0 2 3 5 

K20 (Wl%) 

Dlscrlml~all0n DIagram (Rock. 1985) 



FIGURE 383 

1000 

900 

800 

70C 

60C 

e a. 
a. 500 
, 
If, 

400 

3CO 

200 

l eo 

lIE 

0 
0 

lIE 

lIE 
0 

lIE 

3 

-1671-

o 

CJ 

Cl 

lIE 

Cl 

Cl 

oCl 

o Marchbw"'n 
lIE AFton 

0 

lIE 
CJ 

0 
Cl 

0 
lIE Cl 

0 

0 Cl 0 
0 

°Ef 
0 

Cl 

6 9 

MgO (Wt%) 

Cl 

0 0 
0 

12 

D i scri",l.,atlon Diagram (R ock. 1985) 

15 



FIGURE 384 

1000 

900 

800 

7 00 

600 

E 
a. 
0- 500 

\... 
(Jl 

4 0 0 

300 

200 

; 00 

0 
0 3 

-1672-

o BLackcralg 
III Scar 

6 9 

MgO (Wt.%) 

Dlscrirnlnat.10n Diagram (Rock, 1985) 

12 15 



385-

386-

387-

-1673-

FonDation greywackes 011 the MgO-Sr diKrimina­

tiOll diagram. Nolle the wide lICalier, IUId poor corre­

lation displayed between Sr and MaO in the Scar 

FormatiOll; the weak positive correlatiOll and lela­

tively rescric:tcd MaO aDd Sr valaea (MaO <6wt'I. 

and Sr <2OOwtCJ.) preeent in the Blackcraig Porma­

tiOll; aod the overlapping positioa of boIh groups 

within the voleMic field def"mecI by the Man:bbum 

Pormatioo (pig.383). 

MiO-Sr PiKrimiDlliOll DAVIII,. PymMQCNI and 

ShjnpcJ Fmpatjon. 

This diagr_ displays the relative position fA vol­

canic derived Pymxenoua aod cratooic derived Sbiu­

ncl Pormatioo greYWlICkes OIl the MgO-Sr discrimi­

natioo diagram. Note the weak positive correlatiOll 

displayed betwec:D MaO aDd Sr in both fonnatioos; 

the elevalcd MgO aDd-Sr values displayed by the 

PyroXeDOUI Formation (the volcanic field); aad the 

extremely low MaO and Sr values displayed by the 

ShioDel Formatioo. 

Md'-Sr DjscrimjoatiOll DjUDPI' Iotermedjate II!d 

Hawick Fqmatjoo. 

This diagram displays the relative position of cra­

tonic derived Iotermediate and Hawick Formatioo 

greywackes on the MgO-Sr discrimination diagram. 

Note the poor correlation and restricted ranF dis­

played by the Hawic:lt FormMion; the overlappins 

compositional field ofbotb Formations; the elevated 

Sr values identified in the Intermediate FormatiOll 

(max 48Sppm); and the location of the Hawick For­

mation greywackes within the cratonic field defined 

by both Afton and Sbinnel Formations; 

O-VDjtcriminatjOllDiIlA'P:MmbbumapdAftop 

Formatioo. 

The Cr-V diKriminatioo diagram def"tncd by Rock 

(I98S) is ued in Figs. 387-390 to display the chemi­

cal variatioo present in the major petrogriphically 

distinct Formaliona located in Ibe Southern Uplmcb 

Study AIeL This diagram displays the relative posi­

tion of volcanic derived Muchbum and cratonic 

derived Afton Formation greywackea on the Cr-V 

discrimination diagrun. Note the narmw, relatively 

restricted ranse of V values «ISOppm) defined by 

the Afton Formation; the strong positive correlation 

displayed by both groups; aDd the elevated V and Cr 

levels (> 130ppm and 200-90Sppm respectively) 

displayed by the Marcbburn Formation. The position 

of a dillCrimination boundary betw=n cratonic and 

volcmic derived formations may be identified solely 

on the bail of V content (Cratonic Formationa 

<13Oppm). 

388- Cr-y Diacriminatigp Di"AID' BllCkcqi. and Sew 

fonnatjon. 

This diagrlm displays the relAtive position of vol­

canic derived Blackcraig and Scar Formation grey­

WackelOllIbe Cr-V dillcrimintiondiagram.Noee the 

strong positive correlation, rlhtively narrow Cr val­

uel and elevated V Ievell (>1 JO,'PII') defmecl by the 

Blackcrai, Formation; Ibe poor correlatiCIII and re­

stricted V levels displayed by the Scar Formation; 

aad the overlapping position of both JIOUps wilhin 

the volcanic field defined by the Marcbburn Forma­

tion. 

389- Cr-Y oiscriminatjop OAII''': Pyroxepoya IOd 

Shingcl fonnatjOll. 

390-

Thia diagrlm displays the relative position of vol­

canic derived PyroXCllOUI and cratonic derived Shin­

uel Fonnation greywackes on the Cr-V discrimina­

tion diagram. Nolle the .trong poaitive correlation dis­

played bet'Mlen V and Cr in the ShiMel Formatioo; 

the wide lICatler, poor carTelation and elevaled V 

valuea (> 13Oppm) di.ayed by the Pyroxenoul 

Fonnation. 

0-Y ojlCriminatjop ojl&QllG In!ermedjate II!d 

Hnick fonnatjgn. 

Th. diagnm display. the n:lative poaition of cra­

tonic derived Intermediate Utd H.wick Formation 

greywackes on the Cr-V diKrimination diagram. 

Note the atrong positive correlation, overlappi", 

ccmpoaitignal field and restricted Cr and V values 

displayed by both Formations: and the location of 

both Hawick and Intermediate Fonnation gn:y­

wackes within the cratonic field defined by both 

Afton and Sbinnel Formations; 



-1674-

FIGURE 385 
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FIGURE 387 
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FIGURE 389 
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Ni-Cr Djpjrnjp"iog Diqam; Mwcbbum !!lid 

Afton Fonnatjop. 

The Ni-Cr dillCrimialltiog diagnm defiDed by Oay­

ton (1982) is used in Figs. 391-394 to display the 

chemical variation preaellt in the major petrop"apbi­

cally distinct Formations located in the Southem 

Uplands SbJdy Area. This diagram displays the rela­

tive position of volc:aoic derivod M.rcbbum and 

cratonic derived Afton Formation sreywac:kes on the 

Ni-Crdiac:riminationdiagI'lUl. Note the aurow, rela­

tively relltric:tedranse ofCr(<2SOppm) andNi values 

(<I00ppm) defiDed by the Afton Formlltion; the 

strOllS positive correlation and single trend displayed 

by both groups; the elevated Ni and Cr levels 

(> I 00ppm and >2SOppm respectively) displayed by 

the M.rc:hbum Formation; and the position of a 

diac:riminlltion boundary between cratooic and vol­

c:anic: derived formstions. 

Nj-Cr Dpg;mjpWop DialD'Di B!tcl!cWIIIld Scar 

Formation. 

'IbiI diagram displays the relative position of vol­

canic derived Blac:kcma and Scar Formation Jl'ey­

wac:kcs on the Ni-Cr diac:rimiDation diagram. Note 

the strona positive correlation and single trend dis­

played by both JI'OUPS; the relatively reatrictedNi and 

Cr valuea (>IOOppm and >250 ppm rellJlCctively) 

displayed by the Blacltcraig Formation (ie. a • craton­

ic'sipibJre); the relatively elevlied Ni and Cr levels 

def'mod by the Scar Formation; and the slipt overl.., 

ofboth grou .. within the cratonic field defined by the 

Afton Formation. 

Nj-Cr Dipjmjp.jop Djamm: PvroxeQOU' !!lid 

§bipnel Formatjop. 

This diagrllll displays the relative position « vol­

canic derived Pyroxenous and crlltonic derived Shin­

nel Formation sreywac:1ces on the Ni-Cr discrimina­

tion diagram. Note the overlapping positiog of both 

Formations; the strong positive correlation displayed 

between Cr and Ni in the Pyroxenous Formation; and 

the lfIII-t bimodal nature of Shinnel Formation, 

with the fll'Bt JfOUP diatinguiahod by \ow Ni and Cr 

values and a strong positive correlation, and the 

accond group idcntiftod by relatively higher Cr and 

Ni valuel, a wide ac:.ucr and poor correlation. 

394-

395-

396-

Nj-Cr DjlCrirnjnatjqa Djlmmi Iotcrmcdjlle and 
Hawick formation. 

This diapam displays the relative position of cra­

tonic derived Iotcnnodiatc and H_ick Fonnation 

pywac:kes on the Ni-Cr diac:rimination diagram. 

Nole the strong positive correlation, overlapping 

compositional field and restricted Cr and Ni values 

displayed by l-oth Fonnations; the elevated Cr (max 

!5OSppm) and Ni (max 243ppm) values identified in 

the Iotcrmodiatc Formation; md the location of both 

Hawick and Iotenncdiate Formstion pywac1cel 

within the cralO',lic field defined by both Afton and 

Shinnel Formationa. 

Zr-YDisqjgV» tiog PilJPlYJ!i Marc:hbum IIld Mon 

FOODagon. 

TIac Zr-Y discrimination diagram defined by Clayton 

(1982) il ueed in FiSI. 395-398 to display the chemi­

cal variation p_nt in the major petrographically 

distinct Formations located in the Southern Uplands 

Study AreL This diagram displays the relative poli­

tion of volcanic derived Marchburn and cratonic 

derived Afton Formation sreywac1tel on the Zr-Y 

discrimination diagram. Note the swng positive 

correlation diaplayed between both FormatiOlll; the 

low Zr valucs (<23Oppm) diaplayod by the 

M.rcbbum Formation; the senerally higher Zr 

(>23Oppm) valuea displayed by the Afton Forma­

tion; the relatively restricted Y valuCII (~3Oppm) 

displayed by both FormatiORl; and the position of a 

boundary between cratonic and voleuaic derived 

formations baaed upon the Zr-23Oppm thresbold. 

Zr-y pjacrimination PialA'D: Blackaail and Scar 

formation 

This diagrllll displays the relative position of vol­

canic derived BIac:1ccraig and Scar Formation Jl'ey­

wac:kcs on the Y -Zrdiscrimination diagram. Nole the 

strong positive correlation diaplayed by both Fonna­

tiOlll; the paralleltlend displayed by both groups; and 

the relatively restricted Y values «24ppm) displayod 

by the Scu Formation; and the location of both For­

mations within the voleuaic facld defined by the 

Marchbum Fonnation. 
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FIGURE 391 
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FIGURE 393 
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FIGURE 394 
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397- Zr-Y Djscrimination Digram: Pyrounouml 400- Fe!M.-Zr Digjminll.ion Dj'enm: Bleckcraia and 

Sbimll;lFormation Scar Formlljon. 

This diagrmt displays Ihe .elative posilion af vol- This diagrmt displays 1he .elative position of vol-

canic derived Pyroxeaous aDd cratoaic derived Shin- c:anic derived Blackcraig and Scar Formation lleY-

oel Formation gJeYWacltes on the Zr-Y dillc:rimiDa- wacltes on the (Fe/Mg)-Zr discrimination diagram. 

tion diagram. Note Ihe slighdy overlapping composi- Note the weak inverse correlation and single t.end 

tional fields; chi: positive correlation and elevated Zr displayed by both Formstions; the restricted (Fe/Mg) 

valuea (>2OOppm) displayed by Ihe Shinnel Forma- values «1.7) displayed by the Scar Formation; the 

tion; Ihe DarroW, restricted range of both Y and Zr low Zr valuel (<2OOppm) diapllyed by both Fonna-

values (20-28 and ISO-25Oppm .eapectively) dia- liona; and the position of both groups within the 

played by !be Pyroxenoul Formalion; ancI!be posi- volemic field defined by the Marchbum Fonnation. 

tionofthe Shinnel Formation within the cratonic field 

def"med by !be Afton Formation (Fig. 395). 401- &l.Ma-lL Diacrimillilim I2ilp;am; etfSW!D2II11DS1 

[;'-1 fqmatjon. 

398- loi:-:X l2W:rimiDation l2ilPW»i mlRrmedi• IIId 'IHs diagrllll displays Ihe .elative position of vol-

HlDt Formatiga. Clo.<u,' derived PyroxeDoua and Shinnel Fonnalion 

Thia diagram displays the .elative position of cra- pywacltea on !be (Fe/MS>-Zr dilc:rimination dia-

tonic derived IDtenncdiate and Hawick FOI'IIIIItion gram. Note !be wide acaller and poor corJelation 

pywackea on the Zr-Y dilc:rimioation diagram. displayed by the Shinnel Formation; the restricted Zr 

Note 1he elevated Y and Zr values, positive cOrlela- and Fe/Ms values «23Oppm and <2.espectively) 

lion and partially overIappins compositioaal fields diaplayed by both groups; the elevated Zr value. 

displayed by both Form.uo..; the hiply elevated Zr displayed by the Scar Formalion; the loealion of the 

valuea displayed by the IDtlenncdiate FOI'IIIIItion PyroXenouB Formation within the volcanic field de-

(230-4IOppm); and the location afboth Hawick and titled by !be Marc:hbum, B lackcrais and Scar Fonna-

IDtennediate Formation pywackes within Ihe era- lions; and 1he posilion oflhe Shinnel Formalion in the 

tonic field def"aned by both Aftoo and Shinnel Forma- cntooic field defiDed by Afton Formation lleY-

lions. wackes. 

399- &lMa-loi: DiacriminO!illll2illl[am; Marchlzllm mI 402- &l.MI-lLl2iErimjaatian l2illfllll: IDlCnnedil1C mI 

AflQa Formation. HInt FC!I1NIion. 

The (Fe/Mg)-Zr discrimination diagram defined by This diagram display. !be .elalive position of cn-

Clayfon (1982) is used in Fiss. 399-402 to display the tonic derived Intenncdiatle and Hawick Fonnation 

chemical variation preaent in the major petrographi- lleywacltel on the (Fe/Mg)-Zr discrimination dis-

cally distinct Fonnations 10CIIted in Ihe Southem gram. Note the poorcorrelation and wide scaucrofZr 

Uplands Study Area. This eli ....... displays Ihe .ela- and Fe/Ms values in 1he Intennediatle Fonnation; the 

live position of volcanic derived Marchbum and .elatively .e.aricted Fe/Ms leve" (1.2-1.5) in the 

cntonic derived Afton Fonnation g.eywackes on 1he Hawick Fonnltion (with 1he exception ofhydro1her-

(FelMg)-Zr diKriminllion diagram. Note the Itrong mally a1t1ered Fe-rich amtplel); the position of 

positive COrJeI.tion displayed by Marchbum Forma- Hawick Formation amtplea within the volcanic field 

lion amtp\ea; Ihe wide scaUcr and elevated Zr values detitled by the Scar and PyrollellOu. Fonnationa; and 

(>23Oppn) displayed by the Afton Fonnatim; Ihe . !be location of Intennediate Fonnation lample. 

genenUy lower Zr (<23Oppm) values displayed by within 1he cntonic fteld deftned by the Afton and 

the Marchbum Formation; and the positim of a Shinnel Formations. 

boundary between cratonic and volcanic derived 

fonnationa baaed upon !be Zlw230ppm thJeahold. 403- loi:-IiQ. l2i6dmiDIliSlD l2ill[lID' Mmbbllm l1l5I 

Aftqn Fonnlti!illl. The Zr-TiO. discrimination dia-
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FIGURE 397 
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FIGURE 398 
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gram defined by Pierce (1982) is ullCd in Figs. 403-

406 to display the chemical variation present in the 

major petrographically distinct FormatiODl located 

in the Southern Uplands Study Arca. This diagram 

displays the relative position of volcauic derived 

Marcbburn and cratonic derived Afton Formation 

greywackes on the Zr-T.oz di&criminstion diagram. 

Note the strong positive correlation displayed,both 

Marchburn and Afton Formation IIaIIIples; the ele­

vated Zr (>23Oppm) and relatively restricted TiOz 

values «1.4wt%) displayed by the Afton Formation; 

the: geoerally lower Zr (<23Oppm) and elevated Ti 

values displayed by the Marchburn Fonnation; and 

the: position of a boundary between cratonic and 

volcanic derived formations ballCd upon the 

Zr>=23Oppm and TiOrl.4wt% thresholds. 

Zr-m Djsqjminatjoo Dj"rami Blackqaj& and 

Sew FOQDatioo.. 

Thill diagrllll displays the relative position of vol­

cauic derived Blackcraig and Scar Fonnatioo. grey­

wackes on the Zr-TiOz di&crimination diagram. No~ 

the strongpositiw correlation and parallel trends dis­

played by the Blackcraig and Scar FonnatiOlll: the 

restricleCfT.oz (<l.2wt%) and Zr(<23Oppm) values 

displayed by the Scar Formation; the elevated TiOz 

(>I.2wt%) and low Zr values (<2OOppm) displayed 

by the Blackcraig Fonnation; and the overlapping 

position of both groupl within the volcanic field 

defined by the Marchburn Formation. 

Zr-T.o, DilCl'imination DiurllD; Pvroxenoul IOd 

Shjnpel Formation 

Thill diagrllll displays the relative position of vol­

canic derived FyroxenoUB and Shinnel Fonnation 

greywackes on the Zr-TiOz di&crimination diagram. 

Note the wide scatller, elevated Zr levels (>2OOppm) 

and weak positive correlation displayed by Shinnel 

FonnationlllDPlea; the reslrictedZr and TiOz values 

(<23Oppm and 0.75-1.1 wt% respectively) displayed 

by the PyroxenoUil Fonnation; the location of the 

pyroXCDOUS Formation within the volcanic field de­

fined by the Marcbburn, B lackcraig and Scar Forma­

tions; and the location of both FormatioJII within the 

cratonic field defined by Afton Formation grey­

wackes. 

407-

408-

Zr-TiO, Di&crimination Di_ram; ln~rmediR and 

Hawick Formatjop. 

This diagram displays the relative position of cra­

tonic derived In~nnedia~ and Hawick Formation 

grcywackes on the Zr-TiO. di&crimination diagram. 

No~ the poor correlation and wide scatter of Zr and 

TiOz values in both Formatiollll; the relatively ele­

vlled Zr levels (>230 ppm) in the In~rmcdiatc For­

mation; the negative shift in Zr values displayed by 

the Hawick Fonnation in comparison with In~rmc­

diaee Fonnation samples; and the location of the 

In~rmediatc Formation within the cratonic field 

defmed by both the Afton and Shinnel FormationL 

La/X-NbIY Discrimination Digpm; Marchbum 

IOd Afton Formation. 

The (LaIY)-(Nb/Y) di&crimination diagram defined 

by Bell (pera. com, 1984) is ullCCl in Figs. 407-410 10 

display the chemical variation prcacnt in the major 

petrographically distinct Formations located in the 

Southern Uplands Study Arca. This diagram display. 

the relative position of volcanic derived Marchbum 

and cratonic derived Afton Fonnation greywackel 

OIl the La/Y -Nbty di&crimination diagram. Note the 

positive correlation and single trend displayed by 

both Marcbburn and Afton Formations; the eleva~ 

La/Y (>1) and Nb/Y (>0.55) valueadisplayed by the 

Afton Fonnation; the generally lower La/Y « I) and 

Nbty (<O.5S) values displayed by the Marchbum 

Formation; and the position of a boundary between 

cratonic and volcanic derived formations defined on 

the buis of the La/Y=I.OO threshold. The bigher La/ 

Y values displayed by relatively acid. cratonically 

derived Afton Formation grcywackes may be uacd to 

infer the relative enrichment of light rare carib ele­

ments. 

La/X-NbIY Discrimination Pillfam' Blackcrli& and 

Scar FODDation. 

This diagram di"plaY' the relative position of vol­

canic derived Blackcraig and Scar Formation grey­

wackes on the La/Y -Nbty discrimination diagram. 

N~ the correlation and single trend displayed by 

both Formations; the elevated La/Y (>1) values dis­

played by the Scar Formation; the relatively low La! 

Y and Nbty values identifying the Blackcraig For-
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malion; and the overlapping position of both groups 

within the volculic field defined by the Marchbum 

Formation. 

LalY-NblY Djsqjminlljon Dilp"'pj PytollenOllI 

and Shims! formalioo. 

This dilgr.m displays the relative position of vol­

cmic derived Pyroxenous and Shinne' Fonnation 

greywackea on the LaIY-Nh-Y diseriminlllion dia­

gram. Note the wide acaUer, eleVited Nb/Y levels 

(>O.!I) and __ positive correlllliondisplayed by the 

Shinncl Fonnation; the MITOW, rcatricled rIDge of 

Nb/Y values (0.35-0.50) displayed b~ Ibe Pyrox­

enOU8 Formation; Ibe location of !he ''yroxeOOlls 

Formatioo in the volcuUc field defiilld by the 

Marchbum Formation; and the correla~OI, of the 

Shinnel Formatioo within the cratonic field defined 

by Afton Fonnation greywacke •• 

La/X-NbIY Discrimjnatjoo Diagnm: Intermediafc 

and Hawjek Formatjoo. 

This diagram displays the relative of cratonic derived 

Intermediate and Hawick Formltion greywackes on 

the WY - NbIY diserimination diagram. Note the 

slrong correlation of Nb/Y and LaIY values in bolb 

Formations; the overlapping nature of bolh Fonna­

tions; the rellllively reduced Nb/Y and WY levels in 

!he Hawick Fonnalion grcywackes; !he location of 

Hawick Formatioo samples in !he volcanic field 

defmcd by !he Marchbum Fonnalion (Fig. 4(7); and 

the positioo of the Intermediate Fonnation wilhin the 

cntonic field defined by both the Aftoo and ShinDel 

Formations. 

Looetord Down Litb_ocbemjcal Survey Areaj 

GeolQsjcal Mil' 

This diagram displays a swnmery geological map of 

the Longford Down Study Area in the Republic of 

Ireland (UterMonis, 1978,19791Dd 1985). This area 

includes counties Louth and Monaghan, a substantial 

part of County Cavan and parts of Counties Leitrim, 

Longford, Mealh and ROIICOIIIITIon. This area of 

undulating lowland WM geologically mapped by the 

Geological Survey of Ireland during the 19th century 

and rellulted in the publicatioo of SURUDery I inch: 1 

mile scale geological maps and nJemoirs. Subsequent 

to this study VariOllS parts of the inlier have been 

rcmappedby both the Geological Survey and individ­

ual researchers. The metallic mineral deposita which 

occur in the inlier have in general been subjected to 

liUle investigation, however Morrill (1984) prellCnled 

a summary of all metallic mineral deposita of the 

Longford-Down. The Longford-Down Inlier i. com­

poaed of Ordovician and Silurian rocks which con­

tinue along strike into similar age rocks in the Soud!­

em Uplands, and fonn part of !he Caledonides of 

Britain, Scandinavia and the Appalachians of eutem 

North America (Morris, 1984). Ordovician rocks II'C 

conslrairJed in a NB-SW Ircnding belt alonglhc north­

ern margin of !he inlier, whereu Silurian rocks 

dominate the central and sou!hem parts of the inlier. 

A suite of igneous intrusions were emplaced during 

the Late Silurian-Early Devonian Caledonian 0ro­

geny, which range from minor sill. and dykes to 

.tocb and plutons. Mafic, locally ultramafic and 

intermediate compositional igneous rocb dominate 

!he earliest phaac of igneous inlrUsion in contrast to 

more felsic compositions in later inlrusions (Morris, 

op.cit). Note the position of !he late Caledonian NB­

SW Ircnding, strike parallel Navan-Collon, Carrick­

ateane and Orloch Bridge (Slieve Glah) Fault Zone. 

(comparable wilh major rault structures in !he Soulh­

em Uplands); the position of Silurian and Ordovician 

greywackes (shaded dark grey and lighl grey respec­

tively); !he loeatioo of C .. bonifcroul (Courceyan) 

and younger clutic sediments unconformably over­

lying !he Lower Palaeozoic lICqucncc; and !he posi­

tioo of Late Silurian- Early Devonian (43O-4OOrny) 

Croaadoney granodiorite. 

'The results of a geochcmicalstudy of 297 grcywacke 

IIII1plea collected for Ihi. study by Dr John Morris 

(Irish Geological Survey) 00 a 'dog leg' travel'1lC 

acrou the Longford Down Study Alea are presented 

in a aeries of I :400,000 acale maps which form a 

multi-eICDICnt IilhogeoclJemicai atlas of this region 

(Figs411-441). The sampling pattern selected in d!is 

study was chosen to muimillC covenge, include 

areas wilh strong stratigraphic and pelrographic con­

trols and avoid !he Clonlibrel region and other miner­

alised areas. Individual sample sites are represented 

by circles, !he size of which is proportional 10 conccn­

lration. and controlled by specifIC percentile ranges 
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(0-50,50-75,75-90,90-95 and >9S~) of each ele-

ment. Major variations in chemical composition _ 

attributed to diffe~nces in the petrosrl!phic chlll'8Ctcr 

of individual IVCywacke fonnationa, and the cryptic 

effcc .. of hydrotbcnnal alteration and Aa-Sb-Au 

mineralisation. 1be ahup contrast in values produced 

by the juxtapositioo of volcanic and cratonic derived 

greywackes is displayed by systematic variations in 

symbol size acl'0III the travenc. 1be scale of each 

map is displayed by the IOkm tick marta on the 

southern and western axes which may be used to 

identify the relathe position of samples withiD the 

100kmIrish Suney peeDIG, H, MIllCINcovering 

the study .-ea. 11Ie chemical data contained within 

the.e maps is Jocatec:I iD table 4.81-4.92 mel pre.ented 

graphically as a number of composite profiles withiD 

foldout no. 4. Three regiooal acaIe stratigraphic uni" 

_ defined iD this ltUdy _a. namely the Strokelt­

own, Gowna and Hawick Groups. The Strokestown 

Group (Morri., 1987) compri_ five Formations: 

Aglwnore, Lackan, Fillllalayh&a, Coronea and 

CombiII. which raoge iD age: from Uanvim to Lower 

Silurian; whereas the UIIICIeiIo-Caradoc Gowna 

Group consists of three formations: Clll'8Ckateane, 

Glen Lodge and Red Jalmel. 11Ie Hawick Group 

however, is not subdivided in this study, but is.epa­

rated from the Gowna Group by the Stieve Glah Shear 

Zone. For the purpo.es of the following discullioo 

the survey _a may be divided into S 8ectorl: 

Sector I: the Strokellown Inlier, this forms the west­

ern margin of the field _a and contailll both 

Marcbbum and Kirtcolm Formation equivalent&. 

Sector 2: the Arva area - occupying !he northwesllem 

mBrJin of the maiD inlier this area is bounded to the 

southwest by the Curickaac_ Fault and contains 

Kirtcolm Formation cquivalenla. 

Sector 3: the Gowna area is located inunediately to the 

lOutheast of .ector 2; contains Portpatrlck Formation 

equivalents and is bounded in the southwest by !he 

Orloch Bridge FaulL 

Sector 4: !he Bailieborough area - occupying a greater 

portion of !he study _a than any other .ector, this 

area is bounded to the north by the Orloch Bridge 

Fault (Slieve Glall Shear Zone) and to the IOUth by a 

line drawn from Jonesborough (in !he NB) to Loch 

Glore (in the S8). This .ector containa the Silurian 

Pyroxenous and Intermediate Formation equivalents. 

Sector S: the Caatletown area, is located to the 

southeast of 8eCtor 4, occupying the ~maining por­

tion of the Inlier and defineS the position of Hawick 

Formation cquivalenla. 

412- Ymp'ord DOWD Ljthopocbemjcal Atlas' SiOa ('Iz) 

Shuply contrasting, sy~tcmatic varillioos in SiOa 

concentration may be used to identify the positionR of 

juxtapoeed volcanic and cratonic derived greyw.:ke 

uni .. within the Longford Down .urvey area. Cr.­

tonic .Formations identif .. d by this element are de­

tailed in chaptcr 5 and include the Comhill, Coronel, 

Finnslayhta, Aghamore r ICI Hawick uni .. which may 

be diltinguiahed from th: volcanic Red bland, Glen 

Lodge and Carackaleane r 'lI' • .,atiOllll. Note the gcner­

aUy low value ... ociated with volcanic units (clearly 

oblerved within eector 3) as opposed to their higher 

cratonic countcrparts (8eCtoI"l2 and 4). Samples from 

.ector S (displayed alona the eastem margin of the 

geochemical map) define restrictcd values more 

appropri.te to. volcanic derivation thai their petrog­

raphy suUe .... Thi. silica-poor feature msy be ex­

plained by the addilion of considerable CaO additioo 

(predominantly in the form of cll'bonate) and the 

~sulting dilution of all other major elemen .. accord­

ingly. 1be marked ri.e in ClIO content i. characteris­

tic of the Hawick Formation in the Sou!hem Uplands 

and may be uaed as a mapping tool to identify the 

boundary between Intennediate and Hawick Forma­

lion equivalents in the Longford Down. 

413- LoDP'ord DowD LithopocbemiCiI All. ; AJ,o.,w 
Litlle sy.tcmatic variation in composition i. observed 

between volcanic IllCI cratonic formations. As such 

this element play. no lignificant role in greywacke 

discriminatioo and/or terrain boundary idenrifica-

tion. 

414- Londord Down LithQ&e<KhemiCiI Ad.., ; Ti02 elk) 

Sharplyconlraaring variariooA in TiOa conlent may be 

used 10 identify the boundaries between the position. 

of juxtapoeed volcanic and cratonic derived grey­

wacke units within the Longford Down lurvey _a. 

Cratonic Formatiolll identified by thiN element in­

clude the Comhill, Coronea. Finnalsyhta, Aghamore 
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-1709-

and H .... ick units; and may be distinguished from !he 

volc..uc Red laland, Glen Lodge and Canckalc_ 

Formations by !he relatively higher valuea. Note !he 

general decre_ in Ti values across !he aUCCle88ion 

with volcanic formationsdisplayinS relatively higher 

values than their juxlapoeed cratonic counlerplll'&a; 

and !he marked drop across !he Ordovician-Silurian 

boundary. 

Longford Dowg Lithogcocbemjcal All. ; feJ>. ('I) 

Volcanic derived formations display higher Fe values 

than their craloDic counterputa and mirror TiOz 

compositions with a trend towards decmllina values 

acrossthesucccuion.Nolle!hepositionofjuxlapoacd 

volcanic and cratonic derived grcywacke. in !he 

Longford Down survey area; the sharp boundary 

between sector 3 and 4, and the extremely low Fe 

values displayed by SeclOr .5 (Hawick equivalents). 

Longford Dowg LjtboleocbemiCiI All_ ; NazO ''I) 

The Na coaIeDt ref1ects variatioos in petrography 

across the Longford DoWD with !he composition. of 

volcanic deriYCCI grcywackes elevated in comparison 

with their cratonic counllerparta. The effects of Na 

depletion associated with hydrolhermal aclivitY are 

markedly developed in secton 1,2 and.5. 

Longford Down LithQpochemjca! AlIM ; CaO ('I) 

With the exception of the Hawick Formation, CaO 

values vary sYlltematically across the Longford 

Down. Cratonic derived greywackes display valuC8 

2-3'1 lower than their jux&aposecl volcanic counter­

parts. Note the elevated values in sector I (Marcbbum 

Formation equivalents) and the northem portion of 

scctor 4 (PyroxeDOulI Formation equivalents). 

Hawick Formation equivalents located on the eMtem 

mugin of the survey area (sector .5) are characterised 

by the highest caO conllent of any formation in this 

study, with elevated levels formed in response to the 

input of carbonate from the source terrain. A. such 

cae> values alone may serve to distinguish between 

the Silurian Inllermcdialle and Hawick Formation 

equivalents. 

Longford Down LithoFocbcmical AIIM ; MaO ('I) 

MgO values c10aely follow thatofTi and Fe within the 

Longford Down lurvey area, with the highest valuel 

loeaecd in unit 3 (volcanic derived Pyroxenoua For­

mation equivalents). Volcanic composition are in 

seneral \..5-3.()IJ. hiSher than their juxtaposed cra­

tonic counterparts and _ .ucb this clement provide. 

a uacful discrimination index. 

419- Longford Pown LithQleochemjcal All. ; K,.O ('&) 

Sysliematic difference. in composition between jux­

taposed cratonic and volcanic derived peywacke 

formations are located in the Longford Dowu survey 

areL Volcanic derived formationa display valuel 

relatively lower than their cratonic counterparts par­

ticularly in IOCton I and 3. 

420- Loggfqrd Dgwg LjthQpochcmjcal AlIM ; MgQ Ct.) 

Although the MnO conllent is generally low (<0.2.5'1) 

Iystematic variatiotw between cratonic and volcanic: 

clcrived greywacke formatio .. are obaerYCCI wilhin 

the Longford DoWD survey area, with cratonic de­

rived formations relatively depicted with respect to 

their volcanic: counterparts. Note the elevated value. 

displayed within sector 3 in contrast to the cratonic 

sector 2, 4 and ~. 

421- Longford Down Litbopocbemical All. ; P,Q, (t.) 

This diagram iIIusnlle. a subtle trend towards de­

creMina PzO, conllent across the Longford Down. 

Note the high PzO, values oceurring in the sector I 

and 4 (Marchbum and Inllenncdiate Formation 

equivalents) and the extremely low valueslocaled in 

sector 4 on the eastern flank of this study arel 

(Hawick Formation equivalents). 

422- lAngford Down Litboaeocbpmic:al All. ; As (ppm) 

Araenic values in greywackes from the Lonsford 

Down lie dc.e to, or below the analytical detection 

limit of the XRP (2-3ppm). As IIUCh, a comp.-ison 

between backsround levels in volcan~c and cratonic: 

derived fonnatiOllll could not be made. Thill diagram 

however, iIIustralies the polition of numeroul arsenic 

anomaliel (>Bppm) which may be used to pinpoint 

~ areas of hydrothermal alteration and A.-Sb-Au 

mineralisation. Note the position of major _nic 

anomalies on the loutheutem margin of sector S 

(max .5.5ppm) located in the Punleer towIII'hip. adja-
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423-

cclll to the Navan-Collon Fault zone. Ancnic: anoma­

Iiea are aIao obacrved in the western acc:tioa of the 

study wea adjacclll to a major fault (Fcrpa Shear 

Zone) muking the wealcrn edge of the Sirobstown 

Inlier. 

Lonlforcl Down LidwFocbcmjcal AlIM ; Ba hpn) 

Although liulc systematic variation in Ba c:onIent is 

obacrved 8CrOBll the Longford Down, indiviclu.J for­

mationsexhibitlhupcontrMta withjwttapoaed units. 

This feature is most clearly illustrated between sec­

tors 3,4 and S. Nole the extremely reduced Balevels 

in sector S (Hawiclt Formation equivalents). 

424- lQalforcl Down Liw.ocbemjcll AdM ; Co hpn) 

The Co content is highly variable 8Crosathe Longford 

Down. Volcanic derived greywdes display slightly 

(S-8 ppm) lower values than their juxtaposed cratonic 

equivalents. Notetbc elevated Co Ievelscoocentraecd 

on the northwestern margin of sector 4 (Pyroxenous 

group equivalenls). 

425-

426-

427-

Lonlford Down LithoscocbemjcaJ AdM; Cr (PJZfD) 

A systematic trend of decreasing Cr v.Juel is 0b­

served 8Crosa the Longford Down with volcanic 

compositions 3O-iSOppm higher than their juxta­

posed cratonic: counterp ...... B1evated Cr value. up to 

S90ppm are characteristic of sector 3 and the north­

western margin of sector 4 are indicative of 11'1 ultra­

b .. ic/b .. ic contribution from the source terrain. Note 

the co .. istendy low Cr v.Jues displayed within the 

Hawick Formation equivalents (sector S). 

Lonlfon:! DOWD Utbopocbemjc;a! AdM ; Cu (ppm) 

Volcanic derived greywacke formations in the Long­

ford Down display slightly elevated Cu v.Jucs com­

paree! to their cratonic counterp ...... Anomalous Cu 

levels may be related to Cu mineralisation and iden­

tify targets of possible exploration interelL Note the 

restricted Cu levels displayed by acctors 4 and .5 

and the elevated Cu values adjacent to the Navan­

Collon FaulL 

Loolford Down LjthOSCochemjc.J AdM ; Ga (Wm) 

Highly consistent Ga values are displayed across the 

entire luccession. Subtle variltions (3-4ppm) are 

428-

429-

430-

431-

432-

obacrved between volcanic (higher) and cratonic 

(lower) derived formations. Note the relatively re­

stricted Ga levels displayed within sectors 4 and .5. 

Loglford Down Lithoaeocbemjcal AdM; La (PI!Dll 

SYlltematic variations in La content occur acrollS the 

Lonsford Down with Ordovician cratonic formationa 

(sector 2) exhibiting level. 10-15 ppm greater than 

theirvolcaniccounterpart&(secton I and 3). Note the 

relatively elevated levels displayed by Intermediate 

Formation equivalents (sector 4) in comparillon with 

depleted Hawick Formation samples (sector .5). La 

depletion in sector .5 is attributed to the effccla of CaO 

dilution. 

Loolford Dowg LithQFwh!;mica! AIIM ; Nb (PJ)ID) 

Subtle .ystematic variations in Nb content occur 

Ihroughout the Longford Down study area with vol­

canic formationa displaying values 5-15ppm lower 

than their juxtaposed cratonic counlerparla. In par­

ticular, note the reslricted values displayed by 

aamplcs in sector 3 and the northwest margin of sector 

4. 

Lonlforcl Down LitholCocbemjcal AdM; Ni (ppm) 

A general decrease in Ni conlent is observed across 

the Longford Down .ucceuion, with volcanic units 

defined by valuea 4O-6Oppm higher than their cra­

tonic counterp ...... Note the elevated value. dis­

played within sector 3 and the northwestern margin of 

leCtor 4; md the restricted levels contained within 

leCtor S (Hawick Formation equiv.Jents). 

Lonlford Dowp Lithoscocbemical AdM' Ph (pJIID) 

No systematic variation is observed within the Long­

ford Down, however anomalous values particularly 

those MIOCiaaed with the Navan-Collon Fault and 

Calle Fergus .hear zone are indicative of proximity 

to mineralisation. 

LoOpord Dowp LithOJeochemjct! AlIM ; Rb (wml 

A systematic increase in Rb values are observed 

across the Longford Down with volcanic derived 

fonnationa 2O-3Oppm lower than their juxtaposed 

counterp ...... Note the elevated levels di8played 

within sectors 4 and 5. 
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433- Lopgfoni Doym Utb_ocbemic.I AtIu . Sb (pgp) 

The backJrouud level ofSb are cae. if DOt below the 

c!ctcc:tioo 1imita of Ibe XRF (I-3ppm). It. IUCb, • 

c:ompuilOl'l between background Icvcll in volc:anic: 

aocl cra_ic: dcriwd formatioaa c:oukl DOt be made. 

This geochemic.1 map iIIull1nles Ibe position of 

numerous Sb uomaIies (>5ppm) which may be ned 

to piopoiDt aa: arca of hydrothermal .ltcratioa mel 

acc:omp8llyinS As-Sb-Au mineralisation. Note the 

cooccatntioD of IDtimooy IDOIIIIIieI (DIU 14ppm) 

on Ihe c.atcrn marsin of Ihc atudy arc. within scctor 

5.10 this _ .. Sb lnOIIIalica arc more widely dilltrib­

ailed thlD their As COUIIlelparts. aod Ioc:.rcd edjKCat 

to T.n_town. M_ficldstown. Dromin and the 

NavlD-CoUoo F.ult ZODC. In addition, a COIICCatn­

lion ofweat Sb .. omalica is icicntified 4Itm aoulheat 

ofCavlD, in proximity to Ibe Slicve Glib abcar zooe. 

at Ihe jullCtioo betweea ICCtor 3 Ind 4. 

434- Longford Down ytboFochqpica! Ad. ; S (PJIP) 

A systemalie: dcc:reue in S conleDt KrOll Ihe Long­

ford Down is clearly ideatified. with volc:mic: forma­

lions contaiaiog 200-1000ppm higher values thm 

their juxtapoeed cratonic: counterparts. Hawick. For­

mation equivaleat grcywackes displayed in acetor 5 

arc charac:teriecd by cxtremely low values (<SOppm) 

which arc iaversely correlated with ClIO conteat. 

Nole that anomalous S values occur in proximity to 

the N.vaa-CoUOII Fault and coiac:ide with both As. 

Sb. Ph. and C. anomalie .. B!cvaled S !evela are alao 

delec:led in Ihe Sb anom.ly zone Ioc:atcd within the 

Slieve Glah She_ Zoae. southeat of CavlD. 

435- Longford Down Litbogeocbemjcal Atlu ; Th (ppm) 

A cons_nt pattern of Th values occar throuShout 

Ihe Longford Down with vo\c:anic: derived grcy­

waekes scnerally 4-6 ppm lower th811 Ihcir jux,,­

p<MCd cratonic counterparts. Note the restricted val­

ues displayed in acetor 3 compared with the relalively 

elevaled values in IICCtors 2 and 4. 

436- Longford Dowp Lilhggeoc:hemic:a1 AdM ; Y (ppm) 

A syslematic: dcc:reue in V content occurs KrOll the 

Longford Down with vo\c:anic derived formalions 

exhibilinS conc:cntntion 50-100ppm hiSIler thm 

their juxtlpOlCd cratonic ecdimenta. Note the ele-

valed V value. displ.yed in accton I and 3; and the 

cxtremely low cootcntadisplayed by the InlCrmedialc 

and Hawic:k Formation equiv.lenu (aectors 4 and 5). 

437- Lopsfonl Pon Uthg_ocbem;cal Ally' Y (ppm) 

Y values throuahout Ihc Lonsford Down are hiShly 

cOMistent and display liule if any 'Yalematic: vari­

alion. Nolle th.t Ihe hiShest valucs in this aequenc:e are 

1oc.1ed in the cratonic: derived Fonnationa of aectonl 

2.41nd S. 

438- Lpngforcl DowQ Lithopochemjc.1 Ally: Zn (ppm) 

A sy.lcmatic: varilllion in Zn content is oblCrved 

ac:rou the suc:c:ession with volemic: derived arey­

wacke. (scctol' 3 and Ihc northwellcm margin of 

aectol' 4) diaplaying v.lucs up to 30ppm higher than 

juxtapoecd cratonic: aedimeau. Nole the restricled Zn 

levc" displayed within aector 5 and the _oc:iation of 

10wZn values (depletedSamplel) with As. Sb. Pb and 

Cu _omalie. uaociated with major shear zone re­

laled f.ult zone •• 

439- Lpngford Down YthoJsocbemjcal AdM ; Zr (pgp) 

A syatcmalic v_ialion in Zr content occurs aero .. the 

suc:c:e .. ioo with volcanic: derived pywacltea eli ... 

play inS values up to I SOppm lower than jux"~ 

cratonic sreywaclte. No~ Ihe restricled Zr !eve II 

displlyed by ICCtor I. 3 and Ihe northwe.lem margin 

of acetor 4. In addition, IICCtor 5 (Hawick Formation 

equivalenu) display lianific:antly lower valucs th. 

thOK predic:1ed from a compuiSOll with edjac:ent 

acetol' 4 (lntennedia~ Formalion cquivalcnu). This 

feature mlY be Ittn'buledtodilulioncffecta formed by 

the addition of a major (\~15~) carbonate compo­

nent to acetor 5 areywacltel. 

440- alllJdritc Qormalipf RES Plt1cms for Arcbean 

Grcywackel (atler Taylor and McCJenQUL 1985) 

This di.gram dillpllYs the chondrite nonnaliecd REB 

p.oems of aeleCled Arche811 sreywacke umplce 

inc:ludins: DD9 (Knife Lake); YK2 (Yellowknife); 

KH44 (Kalgoorlie); C28 (Fig Tree); Ind G21 (South 

Pan). Nolle that although lunplel are derived from 

different source ~rrains. their REB pattems are all 

generally similar. with no subatantill Bu-anomaliel 

and f.irly lteep HREE paoems. In compuiaon with 
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FIGURE 435 
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FIGURE 431 
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FIGURE 439 
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FIGURE 440 
Archean Greywacka8 (After Taylor and McClennan, 1965) 

200. 

100. 

BO. 
l>f 

60. 

~~ 40 . 

"" '~\ \. , 
, "'-' ~ '~ 20. \\' ~ '\\ , ~'-

\\:~\ 
10. - 'l , ~~ .., ,~~ 

1/ 
\. ~ " .. ~ .... B. '\ '~"'--""vl L 

'C 
C " -\ ,></ a 
r: 

\'-.,~, \"";<-~ 
u 6 . 
"' UJ 
UJ 
Ir 

4 . 
,~ X 

----~,. ...... 

2 . 

1 . -L--~~~~~----~~--+--+--+--+--+--r--r-~ 
La Ce Pro Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu 

-*- DOg 
-11--' YK2 
--+- KH44 
-~C2B 

-*-. G21 



-1738-

post-Archean grcywacltes. these samples exhibit 

some similarity with the qu.nz-poor varieties (Fig. 

445) with both groups lacking Degative Eu-anoma­

lies. however HREB pauerna differ in their steepness. 

441- (Jupdritc pqmaljsed REB _rna; Pbaperpzojc 

GrcywlCkca (afJcr Tulor mel McC\epnap. 1985) 

Ibis diagram displays a range of chondrite normal­

iledRBB patterns of from selected Phmcrozoic py­

wacke samples including: Quartz-Poor M2n and 

M285 (Devonian Baldwin Formation. Australis); 

Qu.nz-Intermediate MK64 (Silurian-Devonillll Wa­

terbe.:h Formation, Australia) andT811324 (Iriassic 

Torlesse Group. New ZeaIEd); and Quartz-Rich 

P39803 (Ordovician Greenland Group. New Zea­

land) and MK97 (Ordovician Bendigo Trough, Aus­

tralia). Note that the quartz-pooraamples are derived 

from volcanogenic (aodcsite) sources where .. 

quartz-rich samples are derived from a polycyclic 

source of plutonic derived material. 1be individual 

REB plltems are discussed in detail in figure. 443. 

444 and 445. 

442- Cbopdrjte pormalised BEE PaJlelDl' Post Arcbe­

me'" comlJOlites mel aveop' (after T,y1or apd 

Meek""'" 19as) 

This diagram displays the chondrite normalised REB 

patterns of poat-Archellll shale composites NASC 

and BS (North AmeriCIIII shale composite and Euro­

pean abaIe composite respec;tively) and the PAAS 

(post-Archean average A .. tralian shale). Note the 

strong uniformity 01 pattems with higb abundances 

(compared to choodritic meteorites) light REB en­

richment, relatively flat heavy RIm patterns and most 

importantly. a sipifacant negative Eu-anomaly, The 

enrichment or depletion of europium (Eu) i, -ect 

in relation to the neighbouring REB, lIIIIIarium (Sm) 

and gadolinium (Gel) foUowing the calculation of the 

theoretical Eu concentration (assuming a smooth 

REB paaem in che region Sm-Eu-Od), These pettema 

mostcloacly resemble granodioritic compositions arc 

interpreted by Taylor and MeClelUlan (198.5) to sup­

port the view that 8edimeotary REB pa.rna reflec;t 

the upper continenta! crust exposed to weathering and 

erosion. 

443- OJoodrite ponn,liaed BEE Pltterps' Ouartz Rich 

Greyweckes (after TUlor and McCleooao. 1985> 

This diagrem displays chondriee normalised REE 

data from selected Qu.nz-Rich grcywackes ploUed 

against PAAS for comparison. Semples include 

P39803 (Ordovician Greenland Group, New Zea­

land) and MK97 (Ordovician Bendigo Trough. Aus­

tralia).1be REB paUemsdisplayed by the quartz-rich 

samples include LRBB enrichment (La,/Y,.>8) and 

strong Eu depletion (similar in megnitude to PAAS). 

As such quartz-rich greywacltes are indistinguish­

able from typical post-Archeen upper crust in !erma of 

BEE (as indicated by PAAS). 

444- (]!!mdrite nonnsliaed BEE pane""; Dun 

Intermediste Greywacltes (after Taylor agd 

McC!cnnao 198.5) 

This diagram displays chondrite nonnalised REE 

data from selected Quartz-Intermediate grcywacltes 

plotted against PAAS for comparison. Semples in­

clude both MK64 (Silurillll- Devonian Wsterbeach 

Formation. Australia) and T81/324 (Iri_ic T orl_ 

Group. New Zealand).1be REB patterns displayed by 

the quartz-intermediate samples essentially panllel 

those of PAAS but with sliShtly lower LREE and 

slightly higher EuIBu· (though still demollltrating • 

major DCsative EU-lIIIOmaly). 

44.5- Qiopdrite poanalised RHE PittelDli Duw Poor 

Greyweckea (aftc:r Taylor and McC!CPPNL 198.5) 

This diagram displays chondrite nonnslised REB 

data from selected Quanz-Poor grcywackes plotted 

sgainst PAAS for comp';son. Samples include both 

M277 and M28.5 from the Devonien Bsldwin Forma­

tion of the Tamwot1h Trough. Australia. These 

samples II'C volcanogenic (andesite) in origin and a 

fore-an: IICttinS for deposition with an undi_tccI 

magmatic an: provenance (Qiappell. 1968 and 

Nance. 1977). The REB patterns displsyed by the 

quartz poor sImplea include lower LREE and La/Yb 

(compared to PAAS) with no Eu depletion. It is clear 

that calc-alltaline andesitic roclta were the primary 

source for these sediments. 
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FIGURE 442 
Post Archean Shale Composites and Averages: 
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FIGURE 443 
Quar tz-rlch Graywacke : 

200. 

100 . 

BO. 

BO. 

-40. 

20 . -

10 . • &I 
~ .... B. t.. 
'1:1 
C 
a 
r. u 8 . -

Iii a: 

4. -

2. 

La Ce Pr Nd Sa Eu Gd Tb Dy Ho Er Tm Yb Lu 

-*- P39B03 
-&-. MK97 
--I-- PAAS 



FIGURE 444 
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FI GURE 445 
Quertz-paar Greywecke. : Baldwin Far. etian Wevani.n) . 

200. 

too . 

BO. 

so. 

40 . 

20. 

to. 
II .. 
.u .... B. L 
'a 
C 
a 
fi s. 
~ 

4. 

2. 

i.-L--~-r--r-~----~~--~~--~-+--+--+--+-~ 
L.a C. Pr Nd 

-*- M277 
-11--· 104285 
-+-- PAAS 



-1744-

446- QlOpdrjte DOPQ,Jiepl REB pel!s!ms; Morcbbum 

Fonpatjon (A) 

This diagram pn:acnla the lint in a IICt of four chon­

dritc Dormalised REB profiles of MU'Cbbum Forma­

tiOD greywacbs from the Southern Uplands. Pecro­

graphically defined samples (A232, A233, A234, 

N237, N241 mel N292) display LREB earichment; 

10_ tala! REB companld ta PAAS; relatively flat 

HREB patllerns mel sigaific:aady Jill negative Bu­

anomaly. 

447- OJopdrite normalised REB pe!leDII; Mvcbbum 

fonnaPOD (B) 

This diagram preIICDta the aec:oad ia a IICt of four 

chondrite normalised REB profiles of Marchbum 

FormatiOD greywacbs &om the Southern Uplaads. 

Petrograpbic:ally defined samples (N294, A297, 

A299, W379, W380 mel N413) display extremely 

low tota1 REB compared to PAAS; relatively flat 

HREB pat1lems; and Jill negative Eu-aaomaly. 

448- Qwpdritc aonpaliepl REB oaIteDlli Mvchbvrp 

Fonpalion (0 

This diagram preIICnta the third in a eet of four ChOD­

drite normalised REB profiles of Mardlbum Forma­

tiOD greywacbs &om the Southern Uplaads. Petro­

graphically defined samples (N426, CA72, AX54, 

AXIS(;, AX214 aad AX2IS) display w-r LRBB 

aad tota1 REB compared to PAAS (with the exceptiOD 

ofAXS4); flat HREB patterns; aad Jill negative Bu­

anomaly. 

449- Qaopdrite aonp,liepl REB oaIteDlli Morcbbum 

pgmwjonIDl 

Thisdiagnan preIICDta the last ia aaetoffourchoadriee 

normalised REB profilea of Marcbbum FormaaOD 

greywackes from the Southern Uplands. Petrographi­

cally defined samples (AX216, AXl17, AX224, 

AX292, AX293 aad AXl94) display LRBB earich­

meot, lliptly lower total REB compared ta PAAS; 

relalively flat HRBB patIIemI md lack the negative 

Bu-aDOlllaly ~ated with quartz-ricb, cratoDic de­

rived aedimeau. Oa the bam of the REB evidence 

pn:acneed iD Fip.446449 it is clear Ihatcalc-a1ka1ine 

aadesitic rocks were the primary _ for 

M~bum Formation greywacltes. 

450- (]aondri. nopnaljaed REB patterns; Mtop 

Fopnabou (A) 

This diagram prellCnts the fint in a oet of four chon· 

drite normalised REB profiles of Afton Fonnation 

greywackes from the Southem Uplands. Petrographi­

csOy defined samples (A222, B452, K462, A463 

and C471) display REB patterns essentially parallel 

ta those ofP AAS but with slightly lower total REB en­

richment (particularly notable in the relatively flat 

HRBB profile); UId (with the exception of samples 

B452 and K462) Bu depletion (with slightly higher 

Bu/Bu· compared with PAAS). 

451- (]aondritc normaljled BEE Daqcmli Afton 

FOlJDation (B) 

This diagram preIICnta the eecoad in a set of four 

chondrite normalised REB profilea of Mton Forma­

tion greywacbs from the Southem Uplands. Petro­

graphically defined samples (AXI31. AX 132. 

AX133. AXI34. AXI35 and AXl36)display highly 

COIIIisteDt REB pat1lems parallel to thOllCi of P AAS 

with slightly lower LREB enrichment and strong Bu 

depletion. 

452- Cbopdri!c pongalised RIm Raqcmli AOqp 

Formagou(O 

This diagram preeenta the third in a set of four chon­

drite normalised REB profiles of Afton Formation 

greywackes from the Southem Uplands. Petrographi­

cally defined sarnplea (AXI37. AX 140. AX141. 

AX149. AXI70 and AXI7I) display highly consil­

teDt REB patterns which clmely parallel thoee of 

PAAS, with sJighdy lower total REB enrichment aad 

strong Bu depletion. 

453- Cbopdrill; pongaljled RIm V-mi' MAD 

formation lD) 

This diagnan preenta the last iD aeet offourchondrite 

nonnaliaed RIm profiles of Afton Fonnation grey­

wackes from the Southem Uplaads. Petrographically 

defined lamples (AXI72, AJal2, AX204. AX222. 

AXl23 and AX296) display REB patterns esaentiaUy 

p .... lel to thc.e ofPAAS but with sJigbdy lo_r total 

RIm enrichment; and Bu depletion. Sample AXl98 

bowever, displays lower toeaI REB levels and no 

negative Hu anomaly. On the basis ofRBBevidence 
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pre_ted in Fip. 45().453 Moo Formalioa py­

wackca display cbuacteristica typic:aI of post-Arch­

em upper crust (a iodic:aled by PAAS). 

454- Cbopdrite nonpaljaed REB patf!l!m: Blackcraia 

Formatjon Cal 

This diagram presentll a acries 0( chondrile normaI­

jaed RIm profiles def"1Ding the composdion ofBIICIt­

craig Formation p)'WlCka from die Soulbern Up­

lands. Six pelrOgrapbic:ally defiDed _plea (A2.0, 

All, A45, AX288, AX289 and AX29O) display 

lower total RIm compmed to PAAS; low, relltively 

flat HREB p .. rns; and lICit die negative Bu-anom­

aly UIIOCiated with qull1z-ric:h, cratonic: derived aedi­

mentll. On die bais 0( the RIm evideac:e, c:ak:-alka­

line andeaitic rocks wa"C the dominant primary 

source 0( DllCkc:raig Formation greYWlCba. 

455- Cbgndritp pormaljaed RIm _l'1li; Sc:ar 

fggp.tjpp Cal 

This diagram presentlldle tint in a act of aix chondritr: 

DOI'ID8IiIIed RIm profiles 0( Scar Form.ion ,",y­

wac::ba from die Soudlem UplaDda. Petrographic:ally 

def"med samplea (SI02, SI05, SilO, Sill, SI16 and 

BI17) display LRBB enric:hment; lower total RBB 

c:ompared to PAAS; low, relatively flat HRBB pat­

terns; mel aignificmtly JIll negative Bu-anomaly. 

456- Qwpdrite pgnpaljaed RIm pattol'lll' Sew 

Fgnpatjog CD) 

This diagram p_uta the aecond in a act 0( six 

cbondritr: nOl1llaliaed RBB prof"tIel ofSc:ar Formatioo 

greYWlCkea. Petrograpbically defined amplea 

(S1I8, SII9, SI21, SI22 SI24 aaclSI26)ellc-.1y 

lower total RIm compared to PAAS: relalively flat 

LRBB pllterDl; and JIll negative Bu-anomaIy. 

457- QupkjIp pgnpaIjIed RBB " ....... ; Sc:ar 

fgnpatjog CO 

Thisdiagnmpresenll the IhiJd in.acto( lix chondri. 

DOI'ID8IiIIed RBB profiles 0( Sc:ar FormIdon II'CY­

WlCba. Petropapbically defined samplel (S127, 

SI28, BI36, BI39 aacI BI40) display I hiably c:on­

atraioed paltem 0( RIm val_ with low totaIltBB 

c:ompared to PAAS; low, relatively flat HRBB pat-

terns; aacldIe a_nc;e of, IXII,tive Bu-anomaly. 

458- Cbogdrite norma)jaed SHE DltlelJll; Scar 

Fonp,tion CD) 

Thia diagnm preacnlllihe founh in , lICIt of .ill chon­

drite normaliaed REB profiles of Sc. Pormlllion 

greYWlCltel. Petrographically defuaed IIUIIple. 

(AXil I, AXII2, AXil 7, AXil 9, AXI24 and 

AX157) display tiahtly conatrained REB pattema 

with elltremely low tocal RBH compared to PAAS; 

relatively nat llREB pllttema; and All RCaative Bu­

anomaly. 

459- Cbondritc POnnaliaed RIm QllI!!!DIi Scar 

FormationCID 

This diapam preaentll the fifth in I act of IhI chondrite 

nonnlliaed RBB profilea or Scar Fonnallon py­

wlCb •. Petropllphic:any defined aamplea (AX158, 

AXI59, AXIBI, AXI90, AXI91 and AXlOO) di.­

play low, relatively re.tricted tocal RBB compll'Cd to 

PMS; nat mum pI""ma; and All RCa.ive Bu­

momaly. 

460- QJopcIriJC pgnpaljepd RBB P'tlplJlli Scar 

Ponpatjop (F\ 

461-

This diagram preaentll the lat in I act of ahl chondritr: 

normalised RBB profilea of Scar Fonn.ion py­

Wllebl. Petropaphlc:ally defined aamplea (AXlIO, 

AXlII, AXll3, AXl75, AX277, AXl78 and 

AX(79) diapllY elltremely low total RBB c:omp.-ed 

to PAAS: relatively flat HRBB panema; and IlCu the 

neillive Bu-momaly aaaociated with quutz-ric:h, 

cratonic derived aedimentll. On die bui. of the Rim 

evideDce provided in fip. 455-460 it may be inferred 

Ibat calc-alkaline lDdeaitlc: roc:b formed a major 

primary component of Scar Pormalion peYWlCltea. 

Cbondrilp lJHD)aljpd RIm pony; Shinl 

Pennltjpp (A) 

This diagnm pre_tIIlbe fint in a act of three chon­

drite normaliaed RBB profilel of Shinoel Formation 

greywlCba from Ibe Soulbem Uplanda. Petropaphi­

cally defined aarnpJea (S54, S56, S58, S64, N400, 

N401 and N4.56) diaplay RIm patleml p.-allel to 

thoae ofPAAS with aliablly 10"' total RIm leve .. ; 

aacI Bu depletion anomaiiOll. 
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FIGURE 457 
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462- Cbmdrjtr; map.ljeed REB palImM: Sbj .... 1 

FormaQog (D) 

This di.,nm preaents the aeconcI in • let of three 

cboodrUe normalisedREBprofiIea ofShinneIForm.­

bOIl greywacbs from the Southem Uplands. Petro­

grapbic::aIIy defined samples (S466, 8492, S494, 

AXI, AX36, AX38 mel AXI64) diaplay REB pat­

lema parallcl to IboK of PAAS with slightly lower 

total REB levels; mel Bu deplebon momaliea. 

463- Qupdritc mgp.ljeed REB po,.; Sbj ..... 1 

Fopnatjog (0 

This diagram praeDia the Iaat in • aet of tbrcc cbClll­

drite nonnaIiIcd REB profiles of Shianel Formation 

greywackcs from the Southem Uplands. Petropapbi­

c::aJJy defined samp!es (AXI77, AX226, AX229, 

AX235, AX236 mel AXIl6) displ.y REB patte.,. 

panJIel to IboK of PAAS with slightly !ower totaJ 

REB levels: .... Eu depletion aoomaIies. On the ba. 

of the REB evidence preseoted in Pip. 461-463, 

Shinnel Formatioo greywackes clearly dilpl.y c::bar­

ac::teristic::s typic::aJ of post-An:beaD upper cruet (a 

iodicated by PAAS). 

464- Qaogdritc gmp.tiprd REB papem; PyI'llllGQOIII 

Fmnfliop <Al 

This di.gram preseota the first in • eet of four cbOD­

drite normalised REB prof't!ea ofPyroxenous Forma­

bOIl greywac::kcs from the Southem Up!aock. Petro­

gnpbically defined samples (AXI51, AX182, 

AXI94, AXI95, AXI%, AXI97 and AXI98) dil­

play lower total REB c::ompan:d to PAAS; relltMly 

flat HRBB patt.ema; and evidence at weak neaalive 

Bu-aoomaIies with lligbtly bigber Bu/Bu0 ratioI tbao 

!heir crMoDic ~ 

465- llappdrjtc !MDD"jepd RHB p.m: J)ym'GPPIII 

fggpIIjop (8) 

ThiI cfiaanm preaeoll !he aecoad in • act of four 

c::boadrite oormaIiaed REB profilea of Pyrox­

Formation p:ywac::ba. Petroppbic::aJJy defined 

aampJea (AXl99, AX221, AX238, AX274. AX286. 

AX657 mel AX659) cliaplay relatively !ow total REB 

companld toPAAS; tlatHREB p""'; aodevidence 

of weak neptive Bu-aoomaJies. 

466- Qaopdrite pqm.Uprd RHH pOm; PyroUDOUS 

FOJD).Jioo (0 

nu. diagram praeDia the third in • MIt of four chon­

c!rite nonnaJiaecJ REB profiles ofPyroxeDOu. Fonna­

bOIl sreywac::kcs. PetrolP'lIphlc::.lly defined sampa 

(AX781. AX782, AX783. AX784, AX785 .... 

AX789) diapl.y systematlc::ally lower total Rim com­

pared to PAAS; relatively flat HRBB peUcma; and 

neg.live Eu-aoOll1.lies. 

467- Qaopdritc QCI'Qlaliee4 ROO pOm; Pyrounou. 

Form.Jioo (D) 

Thisdi.grampreaeDIa tJ.: tat in. Mltofrourchondrite 

normalised REB profiles of Pyrollenoua Formation 

p:ywac::kel. Pelrographically defmed sample, 

(AX789. AX790. AX791, AX796, AX797 and 

AX834) displ.y tightly conatrained v.l_ with par­

allel but lower totaJ REB compared to PMS; flat 

HREB p.ltenIB; mel weak nes.live Eu-anom.lie. 

with slightly biaher BuIEu' ntiOl thlll identified 

wilhiD the Afton Formation. On the ba. of the RBB 

evide_. PyrolleDOUI Formation pywac::ke. di.­

play cbaracllDristlc::a derived from _reel ioc::ludinl 

..cycled oropnic::. continental block lOCI diuecllDd 

m.JPDalic arc. 

468- QtgpdriIG pormaljepd RBR: hllGappdi'lG 

FonpaIjon CAl 

This diapun preaenla the fint in • aet of three chon­

driIG norm.1iaed RBB profiles oflntennediate Porm.­

lion greywac::bl from the Southern Uplands. Petro­

papbicallydefinedsamplea(AD02.AK674.AX44, 

AX46. AX48. AX94. AX96 and AX97) displ.y RBB 

patterns p.aIIel to tboae of PAAS wilb .liahtly lower 

IOtaI REB v.luel and .ubtle evidence of oeptive Bu­

anoma\iea. 

469- QamdrjIG popn.ljpI ME; _rmpdjIM 

FonpaIjon (I) 

This dilpUll preaenla the tint in .aet of three chon­

driIG nonn.lised REB profi\ea oflntennediate Form.­

tiCIII areywac::ba from the Southern Upl .... Petro­

graphically defined aample. (AXI07. AXIOI. 

AXI09, AX272, AX28O, AX281 and AX283) di.­

play REB paJlFma parallel to IhOIe of PMS with 

\ower totaJ REB vu-; mel alnlnl neptive Bu­

aoomalie •• 



FIGURE 463 

III 
4J 
-" ..... 
c.. 
~ 
c 
o 
J;: 
u 
"­UJ 
UJ 
a: 

200 . 

100 . 

80 . 

60 . 

40 . 

20 . 

10 . 

B. 

6 . 

4 . 

2 . 

-1763-

UNIT g : C 

1 . ~--~--~-+--+-----~--~-+--4---~-+--~~~-+~ 

La Ce Pr Ncl 

-*- AX177 
----&-. AX226 
-+- AX229 
--+- AX235 
~AX236 

-1£-- AX276 

Sm Eu Gd Tb Dy He Er Tm Yb Lu 



-1764-

FIGURE 464 
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FIGURE 465 
UNIT 11 8 

200 . 

100. 

BO. 

60 . 

40. 

20 . 

10. 
m 
III 
~ .... B. t.. 
U 
c: 
0 
.c: 
u 6 . ....... 
w 
w 
a: 

4 . 

2 . 

1 . -L--+--+--+--+-----+--+--+--+--+--~~--~~--~ 

La Ce Pr Nd 

-*- AX199 
-&-. AX221 
.-+- AX238 
---+- - AX274 
~AX2B6 

~AX657 

-fr- AX659 

Sm Eu Gd Tb Oy Ho Er Tm Yb Lu 



FIGURE 466 

200 . 

100. 

BO. 

60. 

40 . 

20. 

10. 
III 
II ... .... B. t-
n 
c 
0 
z:: 
u 6. "-UJ 
W c: 

4. 

2. 

UNIT 11 : C 

La Ce Pr Nd 

-*- AX781 
-&-. AX7B2 
-4-- AX783 
--+- AX784 
~AX7B5 

--x.- AX789 

- 1766-

Sm Eu Gd Tb Dy Ho Er Tm Vb Lu 



-1767-

FIGURE 467 
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FIGURE 468 
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FIGURE 469 
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470- (]aogdrite oonp.ljacd REB: Igtermeclial!e 

Formation CO 
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This diagnm preaen .. the last in a let of three chao­

drile normalised REB profiles oflolenncdi.tc Forma­

tioo greywackes &om the Southern Uplands. Petro­

gnphically defined samples (AX I 07, AXIOS, 

AXI09, AX272, AX28O, AX281 aod AX283) dis­

play RIm pdmIs parallel to thoee at PAAS with 

lower total RIm valucs; and strong neptive Bu­

anomaJiea. On the baisofRlmevidence pte8Cnted in 

Fip. 468-470, Inte.-liate Formlllion greywackel 

display characteristica typical of post-Archem upper 

crust (a indicated by PAAS). 

471- Qwodrjte pqmaIised RIm; G!cgdinnjnl 

Ahmtjop(Al 

This diagram pre_" the tint in a let of three chao­

dritc normalised RIm profiles of mineralised H_iclr. 

Formation greywackea from the Glendinning De­

posit in the Southern Upl .... Samples CXDIOM, 

CXDIOO6, CXDI030 mel CXDI050 display RIm 

padmII parallel to thoee at p AAS with limilar if not 

slightly elevllted total REB values; subtle evidence of 

LRBB enrichment and the pte8CDCe at neptive Bu­

anomalies. 

472- Qaopdrite gmn.liw RIm; Glmdinninl 

AItmtjog CB> 

This dillflDl preeau the IIeCOIId in a let of three 

chonckiee normalised REB profiles of mineralised 

Hawick Formation greywackes from the G1endin­

Ding Deposit. Samples CXDI051, CXDI052, 

CXDIOS3, CXDI071 mel CXDI078 display REB 

~ parallel to thoe at PAAS with limilar if not 

Rbdy elevalled total REB values; enrichedLRHB; aod 

oepUve Bu-ancmaIiea. 

473- Qwpdrita !!!I!JIII1iP' REB; Glmdinnjnl 

AII;gIjog CO 

This diagram preaen .. the last in a let of three cboo­

drite IlClI1D&Iised REB protiIes of minera1iled IUwic:It 

Fonnadon greywacbs &om the GIendi-ins De­

posit. S..apIea CXDII59, CXDllfiO. CXDII65. 

CXD 1166 and CXDII68 display RIm patael'D8 .,..al­

lei to mel .,..tialIy elevUDd with re.pect to PAAS; 

topther with con-eaponding negative Bu-anomaIies. 

On the bais ofREE evidence preeented in Figs. 471-

473. mineralised Hawick Formations samples dis­

play cbaracleristics typical of post·Archem upper 

crust (a indicated by P AAS) with IUbtle enrichmenll 

in LREE lIIIIOCiated with bydrotbennal alteralion. 

474- IolerformatjOllaJ RBB Study; Tala Ljng Study ARa 

This diagram pRien.. chondrite normalised REB 

patllems of 10 greywacke samples collected from 

inlerbedded unill within • 40m 1000g measured ICC­

lion within the Talla Ljnn ltudy ~L Petrogr..,hi­

cally defined samples (AX972OJ. 97203. 97205. 

97207. 97209. 97211, 97213. 97215. 97217 IPd 

97219) display highly consislent, lightly COl'lllrained 

RIm patlleml with lower total REB comp..ed to 

PAAS; n:latively flat HREBpatlierna; and nonegalive 

Bu-momaly. normally lIIIIOCialied with quartz-rich. 

cratonic derived lledirnen ... On the basis of this evi­

dence it is infemd that calc-alkaline andesitic rocIr.s 

wen: the primary 10Urce for greywacus in this study 

475 - Sjmplified Model oftbe Meta!lqme.ja of As-SMy 

Ileposill in tho Britiah CaJedonide. 

Ihia diagram preent a limplitied graphical IUmmary 

of the differing stylea of Aa-Sb-Au mineralisaliao 

identified in the British bles. Seven major types of de­

posit we n:cognised. inchlding: 

I) Metalliferous hot aprinp (eg. Rbynie) 

2) Minenlized bn:cci. and faulll (cg. Glendinning) 

3) Mineralized fault syltoma (eg. Clontihn:t) 

4) Mineralized fault 'Yllema and minor intrusiOl'll 

(eg. Penkiln Bum, Glenhead, Talnotry Copper mine) 

5) Vein mineralization n:laIIed to major intruaioDl:­

a) marginal to or at the contact with major inlnl.iOlll 

(eg. Gleahead, Talnotry. Caimgarrocb, The Knipe); 

b) boated by major intruaiOOl (eg. Black Stoc1tartoo 

Moor); or 

c) boned by ipeOUl breccia and a8llomerate. (eg. 

Fon: Bum. IG1melford). 

It is not IUggested that each diffen:nt style of miner­

a1iaation iI preIIent in every deposit, ho_ver a lenta­

tive model iI propoeed relatina the nature of the 

deposit to depth of emplacement, and an increuing 

igneoua component with depth. 
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Glendinning Wallrock Alteration Studie8 : A 
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FIGURE 472 
Glendinning Wallrock Alteration Studies : B 
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FIGURE 473 
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FIGURE 474 
Interformat1onal Study: c 
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FIGURE 475 

A SIMPLIFIED MODEL OF THE METALLOGENESIS 
OF As·Sb·Au DEPOSITS IN THE BRITISH CALEDONIDES. 
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