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Table 1. 1 Grades and tonnages of different types of 
Zn/Pb deposits throughout the world. 

• 



SEDEX 

Howards Pass District. 
Canada 
McArthur River. Australia 
Broken Hi 11. Australia 
Mt. Isa (Zn/Pb) • Austral'ia 
Sullivan. Canada 
Red Dog. Alaska 
Meggen. Germany 
Rammelsberg. Germany 
Silvermines. Ireland 
Tynagh. Ireland 

MVT 

Viburnam Trend. USA 
Tri-State District. USA 
Pine Paint. Canada 

VMS 

Kidd Creek. Canada 
Neves Corvo, Portugal 
Matsumine, Japan 

Tonnag~ 
(Mt) 

>5001 

227 
180 
88.6 
155 
>85 
60 
30 
18.4 
12.3 

~800 

~500 

84 

>100 
~66 

30 

5.4 2. 1 
9.2 4.1 
9.8 11. 3 
6. 1 7. 1 
5.7 6.6 
17. 1 5.0 
10.0 1.3 
19.0 9.0 
7.4 2.8 
4.5 4.9 

1.0 6.0 
2.3 0.6 
6.6 2.9 

6.0 0.2 
3.5 0.7 
2.4 1.0 

1Total of indicated plus inferred are reserves. 
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0.2 
0.2 
0.06 

0.2 
1.0 

0.4 

2.46 
4. 1 
3.6 

~g. 
(g/t) 

41 
170 
160 
68 
75 
3 
103 
21 
58 

70 



Table 1. 2 Charac~erig~ie features of Irish, carbonate 
hosted Zn-Pb deposits. 



De~oslt (Mtf %Zn %Pb 

Mavan 69.9 10.27 2.6 

Silver.lnes 17.7 6.4 2.5 

Tynagh 9.4 :?2' 3.0 

K •• I/IC"rryc"a) 5.0 17.01 

Ba1llnalack 3.5 17.01 

Age of 
host rocks 

Courceyan 

Courceyan 

Courceyan 

Courceyan 

Courceyan 

Host rocks 

Pale Beds aicrites and a 
variety of calcareni~es 
INavan Croup) 

Waulsortian audbank, 
a~dbank and doloaite 
breccias, dolo.it.s, 
and Old Red Sandstones. 
INavan and ABC Groupsl 

Waulsortlan audbank 
(ABC Group' 

Basal cl"S~ICS through 
to Shaley Pal •• in the 
NayaD Croup Ibase aetalsl 
and Wa.lsort'an audbank 
in the ABC Croup Ibaritel. 

WAulSOrtlan audbank 
(ABC Croupl 

Styles of mineralization 

Doalnantly strati tor. Zn/Pb! Fe ore 
lenses With sub-seatloor relacea~nt.
open space intill and lesser veiaing. 
Pyrite-rich sulphides occur In the 
overlying sedlaentary-early diagenetic 
CGO, which &130 con~ain3 clasts of the 
underlying ainerallzed Pal~ Bedsf 

D.,alnantly strati fora Fe/Ba: Zn/Pb 
ore lenses. Vetning and replace.ent 
are Coaaon In lower ore zones 10RS 
and dolo.ite-hosted) and exhalative 
ainerallZatlon In the upper ore zones 
(Waulsortian reef/breccia-hosted) is 
coeval With a bedded barite deposit 
at lIagco bar. 

Lenticular orebodies With sulphides 
deposited Within a dilatant fracture 
systea associated with the forceful 
injection ot the ore tlUids Into the 
Waulsortian audbank adjAcent to the 
Tynegh Fault. A banded Iron foraatlon 
occurs at the stratigraphicAlly 
eqUivalent horizon to those which 
host the base aetal alnerallz4tlon~~ 

Sulphides occur In sub-ver~lcal 
features as !rac~ur.-fll1, breccia
.atrix and dlsse.lna~ions. Bedded 
barite at Carryc •• occurs stratj&ra
phlcally above the Zn/Pb sulphides 
Within ~he Wautsortian audbank. 

Pods ot sulphide for.ed by replace.ent 
of Waulsortian audbank. slallar to 
Tynalh, and Intlll ot stroaatactld 
cavities. 

Structural control 

Located near the SW flank of a 
co.plex faulted Lower PalaeOZOiC 
inlier. None at the faults 
observed IENE-trendlng) are 
aineralized. however there is 
eVidence Cor an early ENE 
structural control on the 
ainerallzatlon, which acted as 
precursors to the presently 
observe~ raults. L 

Situated on ~he northern flank DC 
a Lower PalaeOZOiC Inlier, 
adjacent to .. he ENE-trending 
Silver.lnes Fault, but with WNW
trending faults and SUlphides on 
the down-dip side. ENE-trendlne 
Caultlng Is thought to have 
controlled rapid subSidence 
associated ~~th the growth ot 
Waulsortian ftudbanks and the onset 
01 aineralization. 

Located on the NE Side at a Lower 
PalaeOZOIC Inlier. The orebody 
occurs at th~ point at aaxtau. 
throw on the hanglne wall Side at 
the E-W trending Tynagb Fault. 

Located on the southern C:ank of a 
Lower PalaeOZOIC Inlier, on an EN! 
trending Cault syste.. The barite 
occurs on the hanl,ns ~al1 Side 01 
a .aJor ENE-trending tault. 

Located on the NW flank of a an 
ups~&nd'ng block ot Lower 
r~la~ozoicS and on the hanSing 
wall of the HE-trendlne 
Bailinalack Fault. 

§.peclflc features 

Hlnerallzatlon extends throuch 
120. of the stratigraphic section 
in places; clasts of .ineralized 
Pale Beds in the pre-Arundian, 
sub.arlne Boulder Conglo.erate 
places constraints on the t'.ing 
of .'nerali~~tJOn in the Pale Beds; 
ore horizons in the Pal. Beds occur 
at the contaC~ be~veen a calcarenite 
or aicrite and an overlYing dolo.ita. 

Hydrother.al chl.neys In th$ pyritiC 
upper orebody; ~trong eH control on 
the sulphide/sulphate/carbonate 
depOSitional tacies; debriS rlow 
depOSition of soae sulpblde and the 
hanging wall dolo.lte Interpreted 
a3 ~.ctonic instability durin. and 
arter the .ln8raliZatlon.~ 

The Iron foraatlOn occurs .ore 
distally north fro. the Tynagh 
Fault and pOSSibly represents 
seafloor depOSition: pyrite 
chl.neys Within the sulphide 
~upport eVidence tor So •• ~ea 
floor deposition of the base 
.e~als; .anganese enrich •• nt 
occurs Within the Waulsortlan 
_udbank around the depOSit; 
late-stage c~pper/dolo.lte 
assoc iatian .3.4,5. 

Faults are alnerallzed; high 
cadalu. content Igreater than 
IX wtl in the sphalerite. 

MineralizatiOn in the stroaatacttd 
caVities is resarded as occurrins 
rrlor to the tinAI stage. 
~iag~netie calCite ce.ents. 

I 
I 

j 



Table 1.2 Characteristic features of Irish, carbonate 
hosted Zn-Pb deposits. 



De~osit 

Tateo3town/ 
S,=aJlans'town 

Oldcastie 

. Abt-.. yt"wn 

(Mt)· 

3.1 

3.0 

1.1 

Harb .. rton Br idse 0.5 

Gal.oy S.9 

%Zn '%Pb 

(5.4) 

(4.9) 

3.8 1.5 

(7.0) 

12.5 1.1 

~ge of 
host rocks 

Courceyan 

Courceyan 

Chadian to 
Arundian 

Couree-yan to 
Arundian 

Courceyan 

Host rocks 

Fale Beds .Icrltes and 
calcarenites' 
(I(a van Group) 

Pale Beds .icrltes 
(Navan Group) 

DO)O.itized crtnoidal 
calcarenit~s, .icrites 
~nd calcar~ous sandstones 
(ABC Group) 

Wau!sortian audbank and 
overlying pelsparrltes 
(ABC and HLG Groups) 

Dolo.ltlzed Waulsortlan 
.udbank 
(ABC Group) 

Brackets around ore grade figures indicate combined Zn+Pb. 

Tonnage and grade figures are the totals of all orebodies/lenses 
for each deposit, eg Navan/Silvermines are composed of many 
discrete orebodies. 

Styles of mineralization 

Stratabound, syndiagenetic aineral
ization a3 void fills. fracture-fill 
and local replace.ent. 

Strati for •• ln~rallzatiOn With syn
diagenetiC to ~pigenetic, 
cross-Cutting Cractures and veins. 

Statabound, epigenetiC replacement. 
v .. ins and ~pen space Infili. 

Ep1genetlc sulphide breccias. breccla
.atrlx Infilis and fractQre-rlll 
Itneralization. 

Stratlfor. lenses formed by 
replace.en~ of hos~ rock~ 

Structural control 

Hineralizatton is preferentially 
d~veloped in the i •• edia~e hanaing 
wall oC an ENE-trending. northerly
dipplns. nor.al Cault. 

Located on the southern Clank oC 
the Lonsford D.,wn inlier. The 
.ineralizatioD occurs on both 
3ides oC the Dru.lerry Fault. 

Mineralization occurs In two NUE
trending Cault/Cracture ayste.s. 
These Crac~ure 3yst.as possibly 
formed In a pull-apart structure 
between ~he terainatton zones of 
the Ballysodare and Ox Hountalns 
Fault3. 

Located on the northern Side oC 
Louer Palaeozoic inlier. No 
.aJor faults are associated ~th 
the .ineralization, however an 
early structural control durlns 
sulphide e.place.ent has been 
suggested. 

No data at present ? 

.§peciflc features 

Haln ore horizons are concentrated 
below dolo.ite3 in the Pale Be~s 
aicrltes. 

Hinerallzatlon occurs belov a 
doloaicrite, With evaporites 
recorded in .Icrites In the 
footwall belov. 

IntenSive dolo.i~ization pre-da~~s 
the aineralizaticR. 

Data and information on the deposits is taken from various papers 
in the "Geology and Genesis of Mineral Deposits in Ireland" 
(Andrewet al., 1986, eds). Additional information is from: 

I Andrew and Ashton, 1985 
2 Boyce et al., 1983 
J Russell, 1975 
• Boast et a1., 1981 
S Banks, 1986 
• Various recent press releases on the Galmoy deposit. 
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Table S.l A list of underground headings, levels and 
ore Lenses referred to in the text. 



Lens Level Underground ~eading(s) 

2-1 1435 226-229N 
2-1 1345 204-206W 
2-1 1315 222W 

2-2 1285 W20S-W40S 

2-3 1435 224N 
2-3 1375 240N 
2-3 1315 252S and 253S 

2-4 1315 252S and 253S 

N I 
2-5 1330 242S 
2-5 1315 242S e.r::; 
2-5 1190 Haulage ~ 

1-5 1330 Block 2, 181-183N 
1-5 1315 Block 2, 173N 
1-5 1315 Block 6, FW contour drifts 
1-5 1315 Block 7, panel 7 
1-5 1230 Block 14, 131-133W 

eGO 1420 2 Zone Upper 
eGO 1405 3 Zone access 
eGO 1390 3 Zone access 

-'---



Table 6. 1 A summary of the 8345 values in sulphides 
from the Navan deposit analyzed by Boast 
(1978) • 



Mineral 

2-5 sphalerite +2.9 

2-5 galena -2.3 

2-5 sphalerite -9.0 

2-5 barite +22.6 

2-5 sphalerite -14.3 

2-5 sphalerite -12. 1 

2-5 sphalerite -14.5 

2-4 sphalerite -1.8 

2-4 barite +19.6 

2-3 sphalerite -23.8 

2-1 sphalerite -8.0 

2-1 sphalerite -3.9 
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Table 6.2a 

Table 6.2b 

Tabulated summary of the sulphur isotopiC 
composition of sphalerite formed by the 
bedding-parallel replacement of semi
lithified calcarenites, pyrite/marcasite in 
bedding-parallel cavities associated with 
the sphalerite replacement, and pyrite in 
the eGo. 

Tabulated summary of the sulphur isotopiC 
composition of different styles of 
mineralization within the coarse galenal 
sphalerite massive sulphides formed by 
bedding-parallel veining, cross-cutting 
fracturing, and replacement. 



Texture Code 

allochem replacement ALL 
by sphalerite 

colloform pyrite 
and marcasite in COL 
bedding-parallel 
cavities in 2-1' Lens 

framboidal pyrite FRA 
in the CGO 

Texture 

coarse bladed galena BVN 
from massive sulphides 

coarse, poorly zoned ZON 
sphalerite 

zoned sphalerite HAS 
replacement 

rhythmically banded 
sphalerite including RHY 
small, coeval geopetals 

massive sphalerite in H8A 
2-5 Lens west 

layered and Cubic 
galena in 2-5 Lens CBU 
west 

colloform pyrite on CLO 
galena in 1-5 Lens 

late-stage bournontte BRN 
crystals 

No. of Range of 8 348 
!!!Eles values (0/00 ) 

17 -23.0 to -14.5 

7 -37.3 to -28.2 

3 -32.0 to -30.2 

No. of Range of 8345 
~Eles values (0/00) 

55 -1.1 to +14.1 

11 +3.7 to +12.3 

4 -0. 1 to +7.2 

12 -15.6 to +11.3 

1 -15.6 

2 -20.3 to -19.5 

1 -26.6 

3 -17.2 to -4.2 
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Hean 
(07::) 

-19.7 

-31.7 

-31.0 

Hean 
(~) 

+7.1 

+8.6 

+3.6 

-2.3 

-15.6 

-20. 1 

-26.6 

-12. 1 



Table 6.2c 

Table 6.2d 

Tabulated summary of the sulphur isotopiC 
composition of different styles of 
mineralization in the bedding-parallel 
sulphide horizons characterized by open 
space growths and similar styles within 
more cross-cutting sulphides confined to 
the micrites. 

Tabulated summary of the sulphur isotopiC 
composition of different sulphide textures 
Within cross-cutting veins. Codes VNB and 
YRH refer to the cockscomb-type veins 
whereas codes YHR, DCP and HBY refer to the 
large vein swarm in 2-5 Lens. 



Texture Code 

layered, internal LAM 
sphalerite sediment 

layered galena within LAY 
sphalerite layers 

dendritic/skeletal and DPC 
platelet galena growths 

coarse cubic galena CUB 

stalactitic growths STL 

rhythmically banded or RYH 
colloform sphalerite 

honeyblende sphalerite HYB 

Texture 

coarse bladed galena VNB 
and marcaSite in veins 

rhythmically banded YRH 
sphalerite in veins 

rhythmically banded 
sphalerite in the 2-5 YHR 
Lens vein swarm 

skeletal-cubic ,galena 
in the 2-5 Lens vein DCP 
swarm 

honeyblende in the HBY 
2-5 Lens vein swarm 

No. of 
~p'les 

32 

5 

9 

6 

6 

2 

16 

No. of 
~ples 

8 

2 

2 

2 

1 

Range of 834S 
values (a/ o ... ) 

-23.5 to -3.3 

-24.8 to -15.6 

-20.8 to -6.1 

-12.0 to +0.2 

-32.6 to -12.9 

-18.3 to -10.2 

-18.2 to -3.6 

Range of 8 34S 
values (0/00 ) 

+0.2 to +14.9 

+9.0 to +9.3 

-17.0 to -14.6 

-10.3 to -6.8 

-14.4 
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Mean 
(o/ ... a) 

-13.9 

-19.4 

-12.0 

-7.5 

-18.6 

-14.3 

-12.4 

Mean 
(~) 

+8.8 

+9.2 

-15.8 

-8.6 

-14.4 



Table 6.2e 

Table 6.2f 

Tabulated summary of the sulphur isotopiC 
composition of barite and gypsum in the 
deposit. . 

Tabulated summary of the sulphur isotopiC 
composition of diagenetic pyrite within 
Lower Paleozoic rocks below the deposit and 
minor sulphides within veinlets within the 
Lower Paleozoic rocks. 



Texture 

barite laths and 
rosettes 

gypsum crystals 

Texture 

diagenetic pyrite 
clots and concretions 

sulphides within 
veinlets in the Lower 
Palaeozoics 

Code 

LAT 

GYP 

Code 

DGN 

VNT 

No. of Range of 8 34S Mean 
~p'les vaTues (0/00 ) (0/00) 

27 +17.9 to +39.1 +22.8 

3 +21.0 to +24.9 +22.8 

No. of Range of 8;'4S Mean 
~ples values (0/00 ) (a/DO) 

10 +6.0 to + 61.1 +24.3 

4 +1.8 to +3.6 +3.3 
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Figure 6. 19 

Figure 6.20 

Figure 6.21 

Figure 6.22 

Figure 6.23 

Figure 6.24 
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Figure 6.27 
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Figure 7.4 

Summary of the sulphur isotopiC comp
osition of barite and gypsum (Table 6.2e). 

Histogram of Figure 6. 19. 

Summary of the inter-lens variation in the 
sUlphur isotopiC composition of barite. 

Possible origins of the hydrothermal H2 S. 

Pyrite concretions in drillcore from the 
Lower Palaeozoics. 

Summary of the sulphur isotopiC comp
osition of diagenetic pyrite and sulphides 
within veinlets in Lower Palaeozoic rocks 
below the Navan deposit (Table 6.2f). 

Histogram of Figure 6.24. 

Lateral variation in the sulphur isotopiC 
composition of sulphides in 2-5 Lens. 

Lateral variation in the sulphur isotopiC 
composition of sulphides in 2-21 1-2 
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Possible derivations of the bacteriogenic 
H2S. 
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Figure 2. 1 Simplified general geology of Ireland and 
location of the Navan deposit. 
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Figure 2.2 Variation in Lower Carboniferous carbonate 
depositional facies prior to the onset of 
Zn/Pb mineralization in Ireland (compiled 
from Navan Resources company data). 
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Figure 2.3 Schematic diagram illustrating the general 
diachronous nature of the major formations 
in the Courceyan stage and the stratigraph
ic position of the mineralization at Navan 
and Silvermines (modified from Andrew, 
1985c). 
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Figure 2.4 Simplified structural geology of Ireland 
(adapted from Gill. 1962; PhillipS and 
Sevastopu 10 t 1986). 
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Figure 2.5 Surface geology of the Navan area and the 
location of the Navan orebody (from Ashton 
et al., 1986). 
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Figure 2.6 Diagrammatic illustration of the Lower 
Carboniferous stratigraphy in the vicinity 
of the Navan orebody (from Ashton et al., 
1986) • 
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Figure 2.7 Location of Lower Carboniferous, carbonate
hosted mineral deposits in Ireland and 
other localities referred to in the text. 
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Figure 2.8 Schematic diagram illustrating the major 
facies variations in the Pale Beds across 
the Central Irish Midlands. 
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Figure 2.9 Structural plan of the Navan orebody drawn 
at the base of the 5 Lens. 
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Figure 2. 10 Strike section through the central part of 
the Navan orebody (from Ashton at al. t 

1986) • 
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Figure 2.11 Dip section through 2 Zone (from Ashton et 
al., 1986). 
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Figure 3.1 A coaparison of detailed graphic strati
graphic logs-froa the aain aine area (N314) 
and the western aine (N910) area respect
ively_ 
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Figure 3.3' Det~iled cross-section (NE-SW) through 1 
Zone illustrating the .ajor facies 
variations~ 
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Figure 3.5 Plan view of the mAjOr faCies variations 
and trends across the Navan mtne area. 

321 

, 
"t,.' -

, , ",' ~ ., 

. "\ 

1 

i 
J 
I 

J 

I 



I 

• .. 

(/ce 
/ __ c_c-

/-___ (_D_ 

~.vv .f!:'.~ .~ ... t . '#~ . cJ 

I 
I , 
I 
I 
I 
\ 

. 
I 
I 
I 
I 
I 
I 
I 
I 
I 

\ 

, \ 

\ : 
\ 
I 

\ 
I 

~I 
~I 

\ 

0< 

rl 
i , 
; \ 
g \ 
: I 

- I • -; I 

\ 
\ 
\ 
\ 

00 I 
~ 1 .. 

CE 

\ 
\ 
\ 
\ 
\ 
\ 
\ 

\ 
· ~ \ 
: c \ . ... 

~ I 
g \ 
c \ 

~ \ 

\ 

: ... \ 
· 0< : c \ 
: " \ 
• • .. \ · i \ . \ ... 
'. : \ 
'. :: , 
• :0 
: .. I 
: 0 
: :0 , ... 

~ \ .. \ ,. . \ 
~ I 

" , I 
~ I 
~ I 
~ I 
~, 

\ 
\ 
I 
I , 
I 
I 
I 
\ 
\ 
\ '. i" I 

: 0 , 

: '" I : c 

, 
I ~ 
I c 

\ 

: :0 , 

i I .. ,. 
• 
r ., 
" . 

• GIl 
• • . ... 

' .. 
.~ 

~ '. cr . oS 
• ',0 - ,. 

I 
I 
I 
\ 
\ 
\ 
\ 
\ 
\ 

I ~ 
0< 

I C 

\ " \ ; 
\ l 
\ .. 
\ ; 
\ s· 
\ 00 

\ ~ .. 
o ' . . ' \ \ ~ 

o 
o '." . . , 
~ '. o '.':::-
-:' ... 
.. ''IS 
.- : . 
g . ... . . ... ,~ 
~ , 

\ 
I 
I 
I 
\ 

, \ 
'. 

, 

. \ 
'. \ 
'. \ 

\ 
\ 

, \ 
\ 
\ 
\ 

, \ 

\ 
\ 

'. \ 

\ 
\ 
I 
I , 
-,. • 

I 
\ 
\ , 
\ 
\ 
I 
\ 
\ 
I 
I 
I 
I 
\ 
\ 

. " 

, 
J 
1 
I 
\ 
\ 
\ 
\ -- --

." ." 

• '. '. • 
• 

-----..-

-

, '. • • 
~ 

" ~~) 
• rJ r.. <,.. 

,/ 

.' ,. (.' I J 

... <: C .. 

./ 

. ' 
:~$>.,.. 

... ~ .. . .... 
~~t')~; .. 

.. !,'. .' 
C'« . 

-; (l !;)'. 

., e r-J. 
" <I; 10 ' .. , ; 

o~<:: .. 
~ .. -'" ~ ..... . ,) , 

'\~.'~) \ .. 
• 
" ~ :- ",!.o"l c.. 

,'" ) 

./ 
,/ 

./ 

,.--

~ ". ,,~;" , . 
" 

-

• '. .. 

.. 
{} .. I 

", .. f r; .~ 
',\ ('~)' 

oJ .. ~., 

" -..... 
" . " 

'} ",.' '*') 
.,. ','c;.' " 

o (~~,. • 

• ;: to .. ' 

• 

' . 

, 
.. ': 'iJ 

.", .. C, " ,,'.) , oJ. • 
':~ ( . .I of; f " 

I '0 c.) .. 
'(\ .". 

... f ~ • c,,' 
", ~ (\' .. 

~," ,'.., 
t', c., \ 
.~. t.l (, t;,. 

.' .-

.' "C.'\ 
.... ,; c'" 

l ~ - .... 

\G1
''''';'- ~ .... , 

,,0'" ~ <0 ___ 

,-r 

' . 

./"" , f,/ 

- -
,.,---

.. 

-/ ----/ 
/' "., 

,/ ./ 
"., ,./" 

,.-- --
.. '. ". 

'. • 

-,/ 
./ 

'" .r 

.. 

/ 

,.--

,/ 

f 

-

.. 
~. 

" 

1 Zone 

-

--

,/ 
./ 

/ 

... " , . 
• 

,/ 

• • • 

THE LOCATION AND TRENDS OF FACIES CHANGES 

IN THE NAVAN MINE AREA 

-------

/ 
I' 

,/ 

/ 

.r 
,/ 

/ 

--

-
• 

,/ 
./ 

.r 
.",-

/ 
2 Zone 

,/ 

, 1.------. ., .(- / 
." ,/ 3 Zone 

o 
~ ,/ 

J,/ 
,o~ / 
~/ 

/::,--,--~ --. / 
/ / 

/ / 
/ I' 

,/ 
I 

/ 
/ 

LEGEND 

--. 

I 
I 

I 
,/ 

SCALE 

-.... 

,/ 

1 

Tara 

","""' ~ 

\,/ 
)-

o zb ..0 to 10. 

... " ,. 
• ." . ' • 

... • .... 
." ~ . 

• 

..,... - foul r 

.... 
." • 

t . lot;. fiN ~So r-.) 

p",- I> \\-\.~ \ 5 

,,,\,,,0 

"O.<.c ~\TlorJI\:L 

f'(l..O ..... ESSE'S, ... '\ 

..." ., . 
• 

•• 
'. 

..... 
• . ' 

... " .. " • 

'. • + .. 

+" ,-• 
". '+ .. 

.. .. 
." • 

." 
~. 
• 

" . , 
' .. 

... " •• • 

.. " ," • 
"" • 

.'" 

+ .. 

+ .. 



Figure 3.6 Contoured pl~n of the thickness of micrites 
across the Navan mine area. 
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Figure 3.7 Diagraa illustrating a tidal channel model 
to explain the thinning of the micrites in 
the central aine area. 
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Figure 3.8 Diagraa illustrating a palaeoslope model to 
explain the thinning of the micrites in the 
central mine area. 
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Figure 3.9 Diagrammatic illustratlon of the features 
of the 3 Lens mlcroconglomerates. 
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Figure 3. 10 Depositional enVironment for the Lower 
Carboniferous stratigraphy in the Navan 
mine area (inset is a comparison with the 
Bowland Basin). 
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Figure 4. 1 Simplified summary of the diagenetic stages 
within the Pale Beds limestones and 
dolomites at Navan. 
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Figure 4.2 Diagram illustrating the carbonate cement 
sequence in thin sections prepared from 
typical Pale Beds oolitic calcarenites; 
transmitted light vs cathodoluminescence. 
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Figure 4.3 Diagram illustrating the carbonate .cement 
sequence in thin sections prepared from 
typical Pale Beds bioclastic calcarenites; 
transmitted light vs cathodoluminescence. 
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Figure 5. 1 The location in plan view of underground 
headings referred to in the text. The 
position of the faults is defined by their 
intersection with the base of the 5 Lens. 
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Figure 5.2 DiAgra. fro. an underground heading in 2-1 
Lens illustrating bedding-parallel, sphal
erite replacement of calcarenites. 



I . 
i I. ~ , ! ,1

1 
I 

I fi~ 
I 

1. 
' (l-

I 

i t~ I I 
I 

, 
I I 

I 

J . 
I I 

I 
~ 
c: I 
~ 
.! ! 

I . 
I 

I ' 

i 

i 
I 

" 
I 

I , 
I 

331 

.' 

Jl 

j 

I 
! 
j 



Figure 5.3 Diagram fro. an underground heading in 2-3 
Lens (240N) illustrating bedding-parallel, 
sphalerite-rich replacement of 
calcarenites. 
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Figure 5.4 Diagraa froa an underground heading in 2-1 
Lens. (206W). illustrating sphalerite 
replacing calcarenites around a small 
bedding-parallel caVity. with the caVity 
itself infilled by laminated argillite/ 
sphalerite and blocky calcite/dolomite. 
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Figure 5.5a 

Figure 5.5b 

Diagram from an underground heading in 2-1 
Lens (204W) illustrating stalactitic 
sulphides within a small, bedding-parallel 
cavity. 

Diagram from the same underground heading 
as Figure 5.5a illustrating colloform and 
laminated sulphides within a small, 
bedding-parallel cavity. 
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Figure 5.6 Diagram from an underground heading in 2-3 
Lens illustrating pull-apart structures 
within sulphides surrounded by 
calcarenites. 
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Figure 5.7 Diagram from an underground heading in 1-5 
Lens (173N) illustrating layered sulphides 
compacted around an unreplaced block of 
calcarenite. 
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Figure 5.8 Diagram illustrating a mechanism to produce 
the features observed in Figure 5.7, during 
compaction of the stratigraphie section. 
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Figure 5.9 

Figure 5. 10 

Diagram from an underground heading in 2-1 
Lens illustrating a squashed or buckled, 
cross-cutting sulphide vein hosted in 
calcarenites, indicating that the vein 
formed while the calcarenites were still 
compacting. 

Diagram from a handspecimen from 2-3 Lens 
(252/253S) illustrating collapsed sulphide 
clasts within a small, bedding-parallel 
cavity. 
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Figure 5. 11 Diagram from an underground heading in 2-4 
Lens (252/2535) illustrating bedding
parallel sulphide stringers. The stringers 
consist of a thin veinlet of galena and 
sphnlerite and a surrounding, diffuse halo 
dominated by sphalerite. 
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Figure 5. 12a 

Figure 5.12b 

Diagram from a polished thin section 
prepared from the sphalerite halo around 
a bedding-parallel stringer veinlet (2-4 
Lens, 252/253S), illustrating dolomite 
rhombs with sphalerite inclusions, in 
both reflected and cathodoluminescent 
light. 

Reflected light diagram from the same 
polished thin section as Figure 5. 12a, 
illustrating the relationships between 
sphalerite, authigeniC dolomite and 
authigenic quartz overgrowths. 
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Figure 5. 13 Diagram from an underground heading in 2-2 
Lens (W25S) mapped by mine geologists, 
illustrating the gross morphology of the 
massive sulphide horizon at the contact 
between an oolitic calcarenite and the 
overlying Nodular Harker. 
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Figure 5.14 Diagrams from underground headings in 2-2 
Lens (W20S-W40S) illustrating galena 
deposited within small cavity structures. 
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Figure 5.15 Diagram illustrating a mechanism for 
producing contorted galena layers through 
slumping of the sulphides after initial 
depoiition in small. bedding-parallel 
cavities. 



~ . 

,'. " . .... :: ... 

. .. ' , . .. ... <.'C;7( 
Qoleno 

a) Initial infill of some form of small, bedding-parallel, "diagenetic?" 

spaces and replacement of surrounding carbonate 

b) Subsequent "slumping" of the sulphides 



Figure 5.16 Diagram illustrating a mechanism for 
producing contorted galena layers by the 
coating of clasts of host rock (which are 
subsequently totally replaced by 
sphalerite) in a caVity system. 
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Figure 5. 17 Diagram illustrating a mechanism for 
producing the funnel structure illustrated 
in Plate 5.23a by density slumping 
associated with extension and the 
initiation of fractures in the host 
lithologies. 
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Figure 5.18 Diagram from an underground heading in 2-1 
Lens (222W) illustrating dark argillite 
infilling a former depression at the base 
of a sulphide horizon. 



... 
'0; ',', .. .. 

-,:, 

• 1; 
c: 

.~ CI -.--= ~ .-
~CJI 
O~ 
-':'0 

E 
u 
o 

o 

3 



Figure 5.19 

I 

Diagram illustrating the mechanism for 
deposition of the internal sphalerite 
sediment involving rapid precipitation of 
fine-grained sphalerite in the ore fluid, 
possibly when the ore fluid encountered a 
supply of bacteriogenic H2 S. The sphal
erite was subsequently deposited out of 
suspension. 
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Figure 5.20 

Figure 5.21 

Di~gram from an underground heading in 2-1 
Lonn (229N) illustrating a complex 
assemblage of sulphide clasts with 
occnssional clasts of host rock. 

Diagram from a thin section under trans
mitted light illustrating late-stage 
calcite replacement of rhythmically banded 
sphalerite best-developed at re-entrant 
angles within the rhythmically banded 
sphalerite (1-5 Lens, Block 6, FW contour 
drifts). 
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Figure 5.22 Diagrams of drillcore illustrating 
sulphides at the contact between a 
micrite and an overlying dolomite, with 
some collapse of the dolomite (1-5 Lens 
FW). 
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Figure 5.23 Diagram from an underground heading in 1-5 
Lens (Block 6 FW contour drift) illust
rating bedding-parallel massive sulphides 
at the contact between micrite and 
overlying doloMite. 
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Figure 5.24 Diagram from an underground heading in 1-5 
Lens (Block 6 FW contour drift) illust
rating bedding-parallel massive sulphides 
within the micrites. 
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Figure 5.25 Diagram from an underground heading in 1-5 
Lens (Block 6 FW contour drift) illust
rating complex, chaotic clasts within 
bedding-parallel massive sulphides. 
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Figure 5.26 Diagram from an underground heading in 1-5 
Lens (133W) illustrating complex, chaotic 
sulphide clasts in cross-cutting 
mineralization within the micrites. 
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Figure 5.27 Diagram of drillcore from 1-5 Lens 
illustrating disrupted layers of 
symmetrically banded rhythmic sphalerite 
within the matrix around clasts of 
sulphide and micrite. 
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Figure 5.28a Diagram illustrating initial fracturing 
of the micrites as mechanism for 
explaining the style of mineralization in 
the lIIicrites. 
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Figure 5.28b Diagram illustrating sulphide deposition 
and disruption during continual extension 
of the micrites. 
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Figure 5.28c Diagram illustrating the presently 
observed features of mineralization 
within the micrites. 
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Figure 5.29 Diagram from an underground heading in 1-5 
Lens illustrating a sulphide vein cross
cutting the micrite and dying out on 
encountering an overlying dolomitic 
horizon. 



\ , 

I 

\ \ , 

\ ~ c o 
u 

• 

358 



Figure 5.30 Diagram from an underground heading in 1-5 
Lens (Block 6 FW contour drift) illust
rating layered birdseyes within micrites 
truncated by the footwall of a massive 
sulphide horizon. 
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Figure 5.31 Diagram from an underground heading in 1-5 
Lens (Block 6 FW contour drift) illust
rating a dark stylolitic micrite directly 
above a massive sulphide horizon. 
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Figure 5.32 Diagram compiled from observations made on 
thin sections prepared from 2-5 Lens 
(2425. 1315 and 1330 levels) illustrating 
the sequence of sphalerite and galena 
deposition in both transmitted light and 
cathodoluminescence. 
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Figure 5.33 Simplified diagram illustrating the relat
ionships between the 2-5 Lens FW mineral
ization in the central mine area and that 
further towards the west. 
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Figure 5.34 Diagram illustrating and explaining the 
apparent relationships between different 
styles of mineralization in a heading in 
2-4 Lens (252/253S). 
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Figure 5.35 Simplified diagram illustrating and expl
aining the relationships between styles of 
mineralization in 2-2/1-2 Lenses. 
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Figure 5.36 Simplified diagram illustrating the rel
ationships between different styles of 
mineralization in 2-1 Lens west. 
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Figure 5.37a 

Figure 5.37b 

Diagram illustrating the accumulation of 
sulphides adjacent to the F3 Fault. 

Diagram illustrating the accumulation of 
sulphides adjacent to the F2 Fault. 
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Figure 5.38 Diagram showing Zn + Pb contours in the 5 
Lens, suppl)ed by Tara Hines computer 
graphics (from Andrew and Ashton, 1985). 
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Figure 5.39 Diagram from an underground heading in the 
Conglomerate Group Ore (3 Zone access 
drift, 1390 level) illustrating massive 
and laminated pyrite. 
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Figure 6. 1 Diagram illustrating the influence of fo z 
and pH on the sulphur isotopiC composition 
of H:zS in an ore fluid; TemperutuI'S = 
250°C, 834 SEB = 0%0 (from Ohmoto, 1972). 
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Figure 6.2a 

Figure 6.2b 

Diagram illustrating the influence of the 
804 2 -/H 2 S ratiO on the sulphur isotopiC 
composition of galena and sphalerite 
deposited from an ore flUid With.8348~e = 
0 % °' at 200°C (from Rye and Ohmoto, 
1974). 

Graph illustrating the influence of a 
changing S042 -/H2 5 ratiO on the sulphur 
isotopiC composition of 804 2 -, H2 S, Zn8 
and PbS in a closed system at 200°C, 
8 348£8 = 0 0

/ 00 • 
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Figure 6.3 Graph illustrating the isotopiC composition 
of 50.2 - and H2 5 during closed system 
bacteriogenic reduction with a fraction
ation between the starting 50. 2 - and the 
1I 2 S produced of around 25C1 /c.,.. The graph 
assumes that the H2 5 produced is 
continually removed from tho sy~tem during 
the reduction process. 
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Figure 6.4 Diagram illustrating the secular variation 
in the sulphur isotopic composition of 
seawater sulphate through time as 
determined from evaporites preserved in the 
stratigraphie record (adapted from Claypool 

et a I. t 1980). 
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Figure 6.5 Histogram of the sulphur isotopiC comp
osition of ail sulphides and sulphates 
analyzed from the Navan deposit. 
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Figure 6.6 Summary of the sulphur isotopic composition 
of sphalerite formed by the bedding
parallel replacement of semi-lithified 
calcarenites, pyrite/marcasite in bedding
paralleJ cavities associated With the 
sphalerite replacement, and pyrite in the 
eGO (Table 6.2al. 
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Figure 6.7 Histogram of the sulphur isotopiC comp
oSition of b~dding-parallel sphalerite 
replacement of allochems, pyrite/marcasite 
deposited within associated small, bedding
parallel cavities, and pyrite in the eGO 
(Table 6.2a). 
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Figure 6.8 Summary of the sulphur isotopiC composition 
of different textures within coarse galena/ 
sphalerite ores deposited by bedding
parallel veining, cross-cutting fracturing, 
and replacement. Similar textures within 
cross-cutting, cockscomb veins are included 
for comparison. 
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Figure 6.9 Histogram of the sulphur isotopiC comp
oSition of different textures within 
sulphides deposited by bedding-parallel 
veining, cross-cutting fracturing, and 
replacement (Table 6.2b). 
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Figure 6. 10 Summary of the inter-lens variation in the 
sulphur isotopiC composition of coarse 
bladed galena, and a comparison with 
similar textures within cross-cutting 
veins. 
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Figure 6.11 Diagrams from hand specimens and thin 
sections illustrating trends towards 
relatively lighter 8348 values in 
paragenetically later sulphides. 



(0 

4) 

1-5 Lens / vein 

+927°/ 00 • rhythm ic sphaleri te 

+ 14 82 %0 . coarse bladed marcasite 

1-5 Lens / massive sulphide 

,-~~~~ 
r: "',-~. ~ .:- .... : ,," 

- 26 6 2 °/00 , coJloform pyrrte 

+975 0
/ 00 

CD 

1-' :-.- • . ~ ";'~~ , 
. "'~F .! .. ~~ •. ~~~ 

+ 8 53 0 1
00 eoarse bladed galena 

+ IJ SO %0 } 

, .,,~ ~~~ ::.~' ' ..... ,.. " 

+87.3°/00 

• 8 45 %0 

CD 

2-2 Lens / massive sulphide 

2-2 Lens ! massive sulphide 

- +6 -21%
0 coarse bladed galena ~ +2-10 %
0 : rhythmic sphalerite 

+ 9 -29°/00 • coarse bladed galena 

~+401 0/00 . rhythm ic sphalerite 
__ + 10 -00 °/00• coarse bladed galena 

CD 

2-4 Lens ! massive sulphide 

~~ - 8 22°/00, galena platelets/ dendrites 

- 3260 %
0 , ' stolaetltle ' pYrite 

___ -- - 1367:' 00 
-- - ,5561:':90 

--- - '7 49 ~oo 
geopeta l spnalenle 
sedlmen: "......- ::::::::----= ~ - 2 04 %0 

~ 'lls.-~.~'~;~'\ -840 %
0

, golena platelets 
$'~L .J ~ endrrles 



Figure 6. 12 Diagram compiled from thin sections 
prepnred from sulphides in 2-5 Lens (2428 
stope, 1315 and 1330 levels) illustrating 
the trend towards relatively lighter 8~48 
values in later paragenetic stages. 
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Figure 6. 13 Diagram illustrating a hand-drilled 
sulphur isotopiC traverse across a coarse 
galena band from 2-1 Lens (229N, 1435 
level) illustrating shifts in the isotopic 
composition of the galena in the direction 
of crystal growth. 
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Figure 6. 14 Diagram illustrating a lasered sulphur 
isotopiC traverse across the same galena 
sample as that in Figure 6.13, except 
conducted about 1cm a~ay from the hand
drilled traverse, illustrating the 
detailed nature of the shifts and 
fluctuations in the isotopiC composition 
of the galena. The initial hand-drilled 
traverse is incorporated for comparison. 
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Figure 6.15 Summary of the sulphur isotopiC comp
osition of different textures in sulphide 
horizons deposited as open space 
mineralization. Similar textures within a 
large vein swarm in 2-5 Lens are included 
for comparison. 

• 
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Figure 6. 16 Histogram of the sulphur isotopiC comp
oSition of different textures within 
sulphide horizons deposited as open space 
mineralization (Table 6.2c). 
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Figure 6. 17 Histogram of the sulphur isotopiC comp
osition of different textures within 
cross-cutting vein sulphides (Table 6.2d). 
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Figure 6.18 Histogram of the sulphur isotopic comp
osition of pyrite in the eGO and pyrite 
from small, bedding-parallel cavities in 
2-1 Lens. 
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Figure 6. 19 Summary of the sUlphur isotopic comp
oSition of barite and gypsum (Table 6.2e). 
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Figure 6.20 Histogram of the sulphur isotopiC comp
oSition of barite and gypsum (Table 6.2e). 
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Figure 8.21 Summary of the inter-lens variation in the 
sulphur isotopiC composition of barite and 
a comparison with barite in late stage 
veins. 
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Figure 6.23 Diagram from drillcore (drillhole U80) 
illustrating pyrite concretions (stipple) 
deforming laminae in the Lower Palaeozoic 
host rock and implying the pyrite formed 
prior to lithification of the shale, ie 
diagenetically. 
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Figure 6.24 Summary of the sulphur isotopic comp
osition of diagenetic pyrite and sulphides 
within veinlets in Lower Palaeozoic rocks 
below the Navan deposit (Table 6.2£). 
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Figure 8.25 Histogram of the sUlphur isotopiC comp
osition of diagenetiC pyrite and sulphides 
in veinlets in Lower PalaeOZOiC rocks 
below the Navan deposit CTable 6.2f). 
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Figure 6.26 Diagram illustrating the lateral variation 
in the sulphur isotopiC composition of 
sulphides in the 2-5 Lens footwall. 
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Figure 6.27 Diagram illustrating the lateral variation 
in tho sulphur isotopiC composition of 
sulphides in 2-2/ 1-2 Lenses. 



C-I ... ~ 

~ 

c:..n 

W/NW 

~ -----~~ ~~ 

2-2Lens(_t)/1-2 Lens 

low-grode, Zn-rich replocamenl of carbonete 
allochems (hi 9h Zn ' Pb rolio) 

- ~-----

(,34 

o S (aU su~Oes) -

-23.0 to -14.5%0 

, *C7e-;-:% A, tJ 

,~\ 
~1': 
,~ 

~~ 
~~ 
" 'P ~~ 

<' "0 
~"t
~~ 

,1c,~..< 
~o~ 
~"!., 
~ 

LATERAL MIGRATION OF ( relatively) 

ZINC· ENRICHED ORE FLUID 

E 

2·2 Llns (centrol mine area) 

high-9rodl Zn Pb are with abundant coarse galena
virtllGly 011 the lead is precipitated ( low In ' Pb ratio) 

.c=."~.".",.~<-"",,,: .. , ... 07.= .7 " 

.".' 

~0if 

(,34 

d S (aM su~Oes) = 

-24.8 to +14.1 %0 
ASCENDING 
ORE FLUID 

? 



Figure 7. 1 Diagram illustrating a process for the 
continual generation of open space beneath 
a dolomitic ·crust· during mineralization 
and compaction of the stratigraphic 
section. 
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Figure 7.2 Schematic diagram illustrating two possible 
derivations of the bacteriogenic H2S in thu 
Mavan deposit. In both cases the HzS is 
derived by the reduction of Lower 
Carboniferous sea vater sulphate and 
transported in a sea vater flUid. The 
regional gradient is exagerated for the 
purposes of the diagram. 
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Figure 7.3 Hodel for the mineralization at Navan 
during deposition of at least part of the 
Pale Beds sequence in late Courceyan times. 
The diagram illustrates a simplified 
picture of one pulse of ore fluid. 
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Figure 7.4 Model for the millcralization at Navan 
during the deposition of the Boulder 
Conglomerate in late Chadian to early 
Arundinn times. The diagram illustrates a 
simplified picture of one pulse of are 

flUid. 
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