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LITHOGEOCHEMICAL AUREOLES TO IRISH MINERALISATION.

ABSTRACT.

Examination of the Mn, Fe, Zn and Mg content of host limestones around a number of Iéieh base metal
dePOSitS. (Silvermines, Tynagh, Ballinalack, Keel, Moate, Moyvore, Ballyvergin, Aherlow, Courtbrown
and Mallow) has shown that all the deposits studied, with the pdsaible exceptién of Mallow, are accom=
panied by elevated levels of Mn and Fe in nearby Waulsortian and equivalent limestones. Zinc is also
enriched more locally around most of these deposits,

Background values of Mn and Fe are less than 100 ppm in the southwest of the country, rising to over
250 ppm in the north Midlands, and below 10 ppm throughout for Za.

The enricﬁments are interpretea as the products of hydrothermal exhalation onto the Waulsortian
seafloor, with primary incorporation of trace elements into carbonate ledxmentn.

Careful sampling of host rock is required to avoid secondary (or epxgenetic) contamination, or manking
by random lithological variation, and analysis is by atomic abaorption spectophotometry. following
digsolution of powdered samples in 2M hot acetic acid for>| hour.

Tynagh has the best developed aureole, with Ma and Fe enriched to 6 km distant and Zn (and Sr).to 5 km,
of which over BOX of samples contain anomalously high levels within these limita., Enrichments around the
other deposits extend to between 2 and 6 km distant, and are best developed around Ballinalack, Silver~
mines, Aherlow and Courtbrown, and relatively poorly deveioped around Ballyveriih. Keel, Moate and Moyvore,

Vertical profiling of boreholes at Silvermines iudicataa that peak value# occur nearvr the bas§ of the
Waulgortian, in the same stratigraphic position as the stratiform ore horizon. Enrxchments of Mn, Fe snd
Zn extend up to 100 m into the hanging wall above the ore horizon, and are alco prelent in the immediate
footwall sediments. Possible weak basal enrichment of mudbank limestone is also xndzcated at Keel, but
no stratigraphic control is displayed within the host rocks at Ballxnalack or Tynagh, : '

The presence of apparently primary enrichments of Mn and Fe in Waulsortian limestonea‘neéf to epigenetic
deposits at Aherlow, Moate, Moyvore and Ballyvergin indicates that emplacement ot aulphxde was approx-
imately conCemporaneous wxch mudbank growth,

In the case of S;lvermxnen. severe post-depositional modxfxcaticn (includlng recryntallinutxon. dolomit—
isation, pressure solution and stratigraphic actenuation) has conliderably alteted thc or;gxnal primnry ,},'
trace element pa:tornl. poanxbly enhnncing the absolute levels of Mn and Fe ent;chmcnt in much of the
) hanglng wall dolomite breccias. The extent of dlagenetic wodification atound ﬂxe othar deponxts is 103!
well known but probably wuch less severe. .

Applxcatxon of llthogeochemlatry is most useful in early teconnaxsaanée staées of exploratxon, allowzng :
recognition of areas of local enrlchment from possible hydrothermalksources.VStratxxraphxc profxlxng o:
exploration boreholea may also hxghlzght favourable hotxzonu uithxu a aequence.{ 7 - ' ‘

As part of this study, reconnaxssance lxthogeochemxs:ty in a numbar of areas of Waulsortian ouCCrop hall
led to the discovery of Pb-Zn mxnetalxsatxon associated with poasxblc exhalat;ve centtel in north County

Cork and the Nenagh area in Couuty Tipperary.
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CHAPTER ONE =~ Introductory Chapter.

1.1.1. Introduction.

A primary lithogeochemical aureole is the lateral
expression of a mineral deposit in which cryptic
enrichments of certain associated trace elements become
incorporated into surrounding host rock formations
during its genesis. One particular type is that formed
during sea floor hydrothermal exhalation, and results
in a primary aureole related to a sedimentary or sea
floor replacement deposit. For example, manganese
aureoles of at least five kilometres radius have been
found in laterally equivalent beds around some
synsedimentary base metal deposits, both ancient‘and
present day, e.g. Tynagh (Russell 1974), Meggen (Gwosdz’
and Krebs 1977) and the Red Sea (Bignell et al 1976).

Russell (1975) further describes less extensive
primary enrichments of Zn and Fe203'in the viciniﬁy of :
the Tynagh mine, proposing that (together with Mn)rthéy
originated from 'spent' mineralising solutions escapihg
from the exhalative centre on the sea floor. | v

Preliminary data from Ballinalack (al-Kindy 1979) and»

Ballyvergin (Russell, unpublished data), indicated’that

comparable enrichments were present around other Irish =

deposits, though on-a smaller scale. ‘

After suggesting that the anomalous manganese might'be '
Present in the latticerof the calcite in the host lime-
stone, Russell (1974 1975) proposed that éuch e

" feature might be common to all sedimentary base metal




deposits in calcareous host rocks. Thus, exploration
companies might routinely analyse samples of lime-~
stone host rock for anomalous trace element content,
as a means of improving success rate in regions of
"variable outcrop and thick drift cover, where blind

orebodies may not be easily detectable by conventional

exploration methods.

From published information, previous application of
lithogeochemistry to base metal exploration has been
confined largely to non-carbonate terrains, such as the
volcano-sedimentary basins of the Northern Cordillera
(Goodfellow et al 1980a, 1980b) and the mafic volcanic
sequences associated with ophiolite complexes (Govett
- 197s6).

| In?estigation of alteration haloee associated with
submarine mineralisation of volcanic affiliation
(e.g. Whitehead and Govett 1974, Goodfellow 1975,- E
Riverin and Hodgson 1980), deep-eeated‘porphyry~sty16
mineralisationr(Gunton and Nicholl 1975, Olade and -
Fletcher 1976), and epigenetic vein deposits (éoyle”
1965, Bailey and McCormicH 1974) in nﬁmeroue parellel
studies, reflects a similar approach utilising
epigenetic dispersion of elements in a primary
mineralising environment. Govett and Nichol (1979,
p. 358) state that “within the past ten years in the =
western world, lithogeochemistry has- advanced from an
vessentially academic involvement to a technique used

~ sparingly by the mining industry in mineral exploration.




They conclude that they are not aware of any mineral
discovery to date that can be attributed to

lithogeochemical analysis.

1.1.2 Aims and Motivation.

This thesis is about the nature of primary trace
elements aureoles associated with mineralisation in the
Irish Carboniferous. 1Its aim is to test whether such
aureoles are a feature common to all sedimentary
'Irish-type' mineralisation, and to assess their
potential as an exploration tool in geochemistry. On
top of this, it aims to determine where possible, the
site of the various anomalous trace element species,
whether sited in the carbonate lattice of the host lime~
stone, or assoclated with separate oxide,-sulphide or
clay mineral phases.,

The study is motivated by a need to provide'the mineral
exploration industry with a new approach to identifi-
cation of potential mineralisation in terrains with
erratic exposure, thick drift cover and‘peat'bog; and
to add to our knowledge of the geochemistry of ore
deposits in general, as well as'the origin of the‘parw
ticular deposits under research. » |
Any scientific study should commence with a working -
 hypothesis which can be put to-test. In this case, 1to
s stated quite simply: that 1ithogeochemical analysis
is a useful tool in mineral exploration in the Irish '

Carboniferous, and yields valuable information~on the;




genesis of mineral deposits.

1.1.3. Methodology.

This research was undertaken with a view towards the
development and practical application of new techniques
for the mineral industry in Ireland.

The first approach was to perfect an analytical
technique which allowed rapid analysis of mudbank lime=-
stone samples by atomic absorption spectrophotometry
for some commonly occurring trace elements, followed by
application of this technique to a suite of samples
from the stratiform ore horizon around the Silvermines
base metal-baryte deposit.

Combination of this data with reanalysed sample data-
ffom Tynagh and Ballvergin (Russell 1975, unpublished
work) and new samples from the Irish Waulsortiah Lime-
stone enable me to draw a general picture of‘thé
distribution of trace elements in the host rocks of
knoWn deposits and prospects. The method was then
tested in an area of unknown mineral pdtential, with
the co-operation of an interestéd-exploratidn company.

Parallel studies on the nature of the trace eiémeht
enrichments were,undertaken by the use of discriminati?ej‘
atomic absorption spéctrophbtometry, X-fay fluoxescence“
and electron microprobe ahalees,_to detegmine any
association between individual trace elements and
mineral phases. L

From the results of this wdrk, inferences on the

R et
- .
oot




genesis and origins of the mineralisations studied
are discussed, and suggestions made concerning the

application of the technique of lithogeochemistry in

the mineral exploration industry.




1.2.1. Geological Background.

most of central Ireland is underlain by relatively
undisturbed Lower Carboniferous shelf sediments forming
a peneplain, through which inliers of Lower Palaeozoic
rocks and unconformable Upper Devonian to Lower
Carboniferous 0ld Red Sandstone facies cover protrudé,
to fbrm areas of higher ground.

The Lower Palaeozoic rocks are dominated by turbiditic
greywackes, slates and siltstones, which have suffered
low grade metamorphism during the Caledonian Orogeny.
The overlying 0ld Red Sandsﬁone (0.R.S.) facies is
dominated by non-marine sandstones, siltstones, mud-
stones and conglomerates, often strongly reddened.

Summary of the Lower Carboniferous Geology of Ireland.

The broad environment ofkdeposition in central Ireland .
during Dinantian times is of a shelf sea locatéd';:

between the diminishing Old Red Sandstone éontinentto;r”
the north, with associated fluvigyaeltaic deposition,‘
and the deep water turbidite faciés of the Cﬁlm to the

south (Figure 1l.1l.). Subdivision of‘the Dinantian 'in k_;
| Ireland is depicted in Table 1.1.

Althoﬁgh sedimentation wiﬁhin‘this shelf was fairlyk
uniform throughout early Dinantian times, considerable
variation4in facies and thickhess of individual
sequences in subsidiary basins and’étructufal‘highs‘f, 
(allied to tectonic movemenﬁs) from midfTournaisiap;

onwards, led to'marked contrast between different:

~ basins on a local scale.
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VAUGHAN'S RADIOGENIC :
STAGE ZONES BELGIUM | AGE (my) MUDBANKS
A 325
Brigantian Dy
- thiLcl.'é(banks
ian m
Asb|c1n Dy : S
also
patchy
Holkerian S development
35 |Midands
Arundian oSy ietands
: | mifé‘b : B
: . . m ANKS . -~
Chadian | Q VISEAN A S,W///
(Cp) » Waulsortian |
| Courceyan 'z TOURNAISIAN |
K 360

Table 1.1: Subdivisions of the Dinantian in Ireland, and approximate =
equivalents in U.K. and Belgium. Approximate age rénge of Waulsortian

and younge'r mudbank limestones is also indicated. After Sevastopulo -
(1981). ' ' '




Over most of the region, facies boundaries are
diachronous and frequently transitional in nature, so
that rarely can one lithological change or unit be
taken to represent a time plane over any great area.

A selection of stratigraphic profiles through the lower

part of the Dinantian from various prospects and

deposits is shown in Figure 1.2.

The earliest part of the Courceyan 1s represented by
shallow marinedeltaic clastics and carbonates of the =
Lower Limestone Shales, in transition from the fluvial
regime of the Upper 0ld Red Sandstone to the marine
shelf facies of the Ballysteen Limestone (Figure 1.3.).
The Carboniferous sea rapidly transgressed northwards
and deposited shallow marine ('lagoonal') limestones
and shales quite uniformly over most of the Midland
Plain. |

The Ballyvergin Shale is a laterally persistent,
distinctive, grey ot,gteen, non-calcareons mudstone or
siltstone, of widespread use as a marker horizon cver‘
mnch of southern and central Ireland; :Tnerensuings;;
Ballysteen Limestone includes thick, well-bedded,
argillaceous bioclastic limestones,‘interbedded with
variable amounts of shale. These beds are nodular and .
cherty in places, especially towards the top, and
culminate in a change to the massive, pure carbonate
mudbanks of the Waulsortian Complex., Brﬁck (1982)
divides the Ballysteen succession into six- units on ‘the

‘basis of varying contents of chert, shale, limestone‘end'V
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Rock type or name Local name

Yyv
\'; .
V'V | Basalt / Undifferentiated Volcanics
S
O} Agglomerate
PR
a7
|75/ Bedded Tuts

H

Upper {Cracoan) Reef and similar

TEry Calp Limestoned vveevvovsroesnsscarssasess Uppar Dark Loc. (Navan)
f
«~ | Waulsortian Mudbank Limestones ...vevassss limestones

2,0, Sedimentary slump breccias,
¢ "eo| Boulder Conglomerate

«"5¢| Dolomite, heavily dolomitised sequences

T Shlley LimeStONne vesscorssvsoccossevsssnsnn Muddy Lst., Upper Pale Lat.,
Upper Ballysteen Lat.(Unit 2),

) . Muddy Reef, Upper Ballyst
Shaley Limestone with Chert vevserevevesss 0, 050 FPP ysteen

Calcarecus Shale eesessesserassssensanves SHAL6Y Pales, Muddy Let.(Navan),

) X . i Copstown, Springwount, Kilwaclenine,
Argillaceous Bioclastic Limestone ssseeess Middle Ballysteen and Middle Pale

Limestones,
(<] ] . 0. s
br=1e] Arg. Bioclastic Lst. with cherteiseceesse

Suprs Reef

Bv . ‘ ot
Ballyvergin Shale

E—1 Limestone / Shale sequences ..isevsvsevess Dark Lat., Ringmoylan Shales,
Lower Ballysceen Lst,

—rry] Mixed Beds / Pale Beds

Transition SandStones ,eveeveesssovssnnsse Mellon House Beds

%o oo Conglomerate

0.0} Red Beds (Navan)

O 01d Red Sandstone

Silurian

Figure 1.2b: Key for Figure 1.2a, showing variations in local
nomenclature. o : -




Holkerian
Arundian
SUPRA -REEF
BEDS
Chadian
WAULSORTIAN
‘REEF’
LIMESTONE .
Courceyan
BAEH:LEERGIN ¢-34m G:'e‘:mrg‘r‘ay
"
‘%" i H
(] ; ] Dark grey
BALLYSTEEN Y ~ " RINGMOYLAN = ,“:"m:::';::‘a‘“
LIMESTONE g . SHALES wlem, c.;hcns\ Iimeu:‘:u
:
-
Z
2
8 =
MELLON i Grey nn:! yelloyvlsh
' ; . row lasars
LR' LIMESTONE SHALE HOUSE ¢Im :::id:d :ands!omi
BEDS and siuslgnu
OLD RED
SANDSTONE
: Position of base of
(27,272,721  Courceyan not certain
SILURIAN ;Zéz?:é _‘r y t cer

Figure 1.3: Stratigraphic column from Nenagh area,‘ Co, Tipperary, showing thicknesses and local’
Romenclature for each unit, Inset shows the subdivision

of the Lower Limestone Shale unit,
From Brlick (1982). ' '




bioclastic debris.

The Waulsortian Mudbank or 'Reef' Limestone is a thick,
relatively massive, poorly bedded, micritic limestone,
with textures ranging from pure calcite mudstone
(characterised by the presence of irregularly shaped
stromatactis cavities (Lees 1961, 1964)), to coarse
encrinite with subordinate, locally well-bedded, cherty
'reef equivalent' or ‘'off-reef' limestone. It is on
this sequence (and its equivalents) that the majority
of the work has been carried out. Towards the northeast
of the country, greater variation is present in the
Lower Carboniferous stratigravhic sequence, For in-
stance, the Waulsortian Limestonesvare only sporadically
developed, and diachronously younger than in the south
aﬁd west (Nevill 1958, Lees 1964, Sevasﬁopulo 1981),

Deposition of Waulsortian Limestones is generaliy |
followed in the Chadian stage‘by a variable succéssion
of thick, dark mudstones and basinal limestones with |
turbidite characteristics, in subsiding basins-(Calp
Limestones, Sevastopulo 1981§, and elsewhereka variety
of shelf limestones, oolites énd mudstones, in'whioh}
pronounced iateral and vertical facies variations are
'observed (Brﬁck op cit). This is followed in the
Arundian by more widespread 'Calp’ facies deposition.

Post-Dinantian Geology.

Post-Dinantian rocks are preserved in two main areas

of southern and central Ireland, one in the west,

extending from County Kerry northwards through Limerick S

ey
Ca)




into Clare, the other in the east, entred on the
Leinster Coalfield, in Counties Kilkenny, Carlow and
Tipperary. These formations (mainly Namurian in age)
are dominated by cyclothemic sandstones, siltstones and
mudstones deposited in subsiding basins, separated by
positive structural highs.

Coal bearing strata of Westphalian age are preserved in
both these areas. No significant post-Carboniferous
rocks are preserved onshore in South Central Ireland,
although further to the north, approximately 600 metres
of Permo-Triassic sediments are preserved in the Kings-

‘court Graben.

The main structural influence on the Carboniferous of

‘Central Ireland was the imposition of Hercynian stresses

at the end of the Carboniferous period, often relieved
by reactivation of northeast trending Caledonoid :
struotures. Hercynian‘deformation took place:main1y 

along E/W to NE/SW axes, reflecting N/S compreSSion,

“and increases in'intensity southwards. An axial planar; e~[: g

cleavage is well developed towards the south, thrust ,
faulting is exhibited, ‘and folding becomes tighter in
- the same direction.V

‘Glacial and Recent Cover.ag

As a result of at least two ma;or Quaternary glaeia—"

~tions (Synge 1979), large areas of Central Irelandgare‘7ef”gmﬁ

covered by boulder clay, kame and esker deposits.

”Extensive peat bog develooment (with an average thickn_‘.

' ness of 7 metres, overlying lacustrine clays and marls), i




covers much of the lower lying ground, with less
extensive upland bog on the higher ground.

1.2.2. Mineralisation in the Irish Carboniferous.

Large (1980) includes the Irish deposits in his
description of sediment hosted submarine-exhalative

deposits, along with major base metal mineralisation

in the North Australian Proterozoic ( Mount Isa, McArthur
River, Lady Loretta), the Canadian Cordillera (Sullivan,
Tom), and the Central European Variscan Rammelsberg,
Meggen). Large (op cit) distinguishes them from
volcanogenic submarine-exhalative and Kupferschiefer
styles of mineralisation. Attempts by other authors

to classify the Irish deposits as Mississippi Valley
type (Watling 1976, Williams and McArdle 1979, Carter
1982),are refuted by the fluid inclusion evidence of
Samson and Russell (1982), ‘ ,

The principal mineral deposits of the Irish Lower
Carboniferous are not wholly identical in'styie; but -
have many features in common with sedimeht‘hosted,'éqb-
marine-exhalative deposits, as desbribed'by Large(égv“f
"cit), the major characteristics of which are summarised
in Figure 1.4. On the other hand, certain’feétures are
not well displayed in the Irish deposits, such as.the S
juxtaposition énd'atrangement of the shlphide, baryte: 
and oxide facies of the third order.basin.environmen;.:

At Silvermines, the baryte énd weakly developed okidé;
facies appear to concide; at Tynagh, the barYﬁeband

sulphide facies coincide within the feedeerQne,‘




epigenetic domain,and genuine stratiform sulphides are
minor in importance; at Navan, the baryte and oxide
facies are essentially absent, as is any recognisable
feeder-zone or obvious development of a third order
basin.

In addition, footwall alteration zones are apparently
absent in the deposits, with the exception of extensive
footwall dolomitisation at Silvermines, and some
reduction of iron oxides in sandstones nearby at the
replacement deposits of Shallee.

The principal Irish deposits are hosted by relatively
undisturbed Lower Carboniferous carbonate shelf sedi-
ments in a major first order basin (over 200 km x 100
km), straddling a major NE/SW trending lineament,.thet '
lapetus Suture (Phillips et al 1976). Ali the.hajor
Pb+Zn/deposits are of approximately the same age,

. Occurring during a period of,widéspreadisubsidenca‘and i
marine transgreésion, with deeper wdter Waulsortian‘mudf‘
~ bank deposition having replaced littoral, sub-littoral
and shallow water marine shelf facies in the stratQ 7:
igraphic succession. |

Boyce et al (1983) propose that extensional stresseél
during the late Coufceyan gave rise to rapid subsidence
of second order’sedimentary basins up to a’féw tens 65,4 n
kilometres across (Such as the’North.Tynagh Basin,andrﬁ’
the Silvermines-Nenagh'Basin),locally bounded by act19e 
normal faults. Within these basins, individual deposits

are‘loCatéd in small, low energy, feduéing, third order‘.f -
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basins, adjacent to active fault zones, in which the
products of hydrothermal exhalation accumulated, along
with allochthonous lithologies formed by syndepositional
fault movements (submarine sedimentary breccias and
siumping).

The larger stratiform orebodies in rocks of Courceyan
age contain features which suggest that at least part

of the ore was deposited contemporaneously with other
sediments on the sea floor.

‘Mineralogically, the Irish deposits are simple, com-
Prising varying proportions of pyrite, galena,
sphalerite, minor chalcopyrite and lesser amounts of
copper, silver and lead sulphosalts, with an overall
eiement association of Pb-Zn-Cﬁ-Hg-Cd-Ag.~~Messive,
stratiferm cryptocrystalline baryte and messive pyrite
may be associeted with the Sulphide ore,5end dolemitisa~;
_ tion frequently‘affects the earbenate host rocks, s
" The depoeitS'exhibit a range'ofltexturai~styles,frcmf
massive and structureless, to fine greinedTand 1eminatedixi‘
often with intimately intermixed sulphide, in which a
lateral or vertical zonation may or may not be present.
In addition, frequent vein and fracture filling
’diagenetic mineralisation is observed, along with s
coarser grained, remobilised sulphides.f A stockwork or
disseminated vein or cavity replacement type of'miner~~e

alisation, interpreted by Samson and Russell (1983) as:

remains of a hydrcthermal feeder zone. This may be all g it

; :that is preserved of the original exhalative eystEm at




deposits such as Aherlow, Ballyvergin and Mallow.

- The Navan deposit is almost an order of magnitude
greater in size than the other major deposits of Silver-
mines or Tynagh, comprising approximately seventy mille
ion tonnes of ore at over 12% combined lead and zinc.

It is hosted in a shallow water argillaceous limestone
Sequence, on the northern flank of a NE trending anti-
clinal structure (Andrew and Ashton 1982, Ashton‘gﬁ‘él
1984). The bulk of the ore occurs in a number of

Stacked, shallow-dipping lenses with fine-grained
sulphides, low in pyrite, in which sedimentary textures
are largely masked by later post-depositional and. _

- diagenetic modification. . Sphalerite and galena dominate
'the ore mineralogy and metal zonation is expressed in an f}
upward increase in Fe and Zn/Pb through the ore lenses. :
Zinc, Mn, As and Pb are enriched in the host rocks,‘
_stratigraphically equivalent to the ore ~zones, and 1h ,
the hanging wall., A propo:tion of the‘orebodyjis trunfifl
cated by an erosion surface with overlyihg minefellSed b
and Dyritic debris flow breccia, interpreted by Boyce‘ét‘l
et al (1983) as a large scale slomp. | ’/_
Many other smaller deposits and occurrences of baseli}"
 metals are known throughout central and southern

Ireland, exhibiting a whole range of genetic styles,

including vein, cross-cutting, disseminated, replacement_eifl
and breccia~hosted. Of similar age, style and tectonlc a},*'
Setting to the larger Irish deposits, the Gays Rlver

Pb+Zn deposit (Akande and Zentille 1984), and related




minor occurrences in Nova Soctia, probably belong to the
same metallogenic province (Russell 1976).

For a number of reasons, the host rocks surrounding

the Navan deposit were not investigaied in this study,
in particular, the fact that a comparable study was at
that time already initiated, the results of which are
now published (Finlay et al 1984). On top of this,

the host rocks at Navan are very different from the
Waulsortian Mudbank, which is relatively poorly develop-
ed locally, and significantly younger than the main sed-
imentary mineralisation.

The geology of each deposit investigated will be de-
~ scribed individually in more detail at the relevant
Section in Chapter 3, preceding the presentation of
analytical results, |

As the Waulsortiah Mudbank Limestone forms the
. Principal sampie medium in this study, a more détailedl
description of its origin and compoéition is called for,
before any further discussibn of anaiyticél proéédures

Oor results,
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1l.2.3. The Waulsortian Mudbank Limestone Facies.

Well documented developments of Waulsortian bryozoan-
crinoid carbonate mud mounds are present in the Central
irish Carboniferous Basin and the Belgian Dinant
Syncline (Lees and co-workers 1961, 1964, 1977, 1980).
Between these areas, sporadic occurrences are known in
South Wales, Southwest England and Northern England
Miller and Grayson 1982, Lees 1982, Lees and Hennebert
1982); In addition, examples from the North American
continent have been describes (Pray 1958, Cotter 1965,
Ross et al 1975, McQuown and Perkins 1982),

Comparable and mound facies range in age from Cambrian
to ‘Jurassic (Pratt 1982) but the best known exampies aref
confined to the Lowet Carboniferous from the’Uﬁperfv |
Toﬁrnaisian to the Lower Visean.e | |

Paleogeographic setting - Waulsortian mudbanks formed 0

on subsiding shelf seas around majorvcdntemperary land

.

masSes, notable theVWales-Brabant Ridqe:(FigureJL.Sl;uguag

but‘at,some distance from,the shdreline,ein‘cleatiopeﬁelfg,e;ffﬁ

- marine water, and beyond theinfluence of terrigenous

Sediment iﬁput (Lees 1961) . Towerde‘the ehorelihe} ~eg,"i‘ |

’«Shallower water with highly variable lagoonal and clas~"‘r?‘

~tic facies presided, whereas in deeper waters to the ;;;;ejjj_g;

south, the basinal mud belt of the Culm facies was;zjrrv.*r

lOCated - In this basin, thick developments of flysch»

1ike shale, sandstone and calcareous mudstone accumulate¢3y-M

ed with clastic material derived from the south
(Wilson 1975) e e s




Palaeomagnetic evidence indicates that the Dinantian
Succession of this area developed only aftew deqgrees
north of the palaeo-equator (Miller and Grayson op cit).

Lees (:1964) shows how the mudbank complex in Ireland
changes from one of thick, laterally and vertically
continuoue mudbank developments through more patchy,
discontinuous buildups to isolated reef mounds and
CIQSters across the country from southwest to northeast.v

Descriptions of the more isoclated developments in tne‘;
northern and east-central parté of the country are to
be found in Nevill (1958), Schwarzacher (1961) and
Philcox (1963).

The Galway and Leinster Granite Massifs form stable
Zones flankingythe main zone of basin subsidence,"
centred on the Shannon Estuary, where mudbank accumula-v'
tions are greateet‘(overleOOm,ALees1961). ; | -

The‘base of the Wanlsortian in;ireland is knoWn frcm

fossil evidence to be diachronous, becoming younger to,,!:f'

the northeast (Lees ;E cit) This trend appears to

continue eastwards into the Craven Basin area of

Northern England, where Miller and Grayson(;g cit) note;i””“' o

: that the development of mudbank sedimentation did not

Commence until post-Tournaisian times, later than else—j_7

where, They also note that (as in Ireland) Wﬁulsortian,@jfjg#*

'developments are concentrated in the areas of greatest Sy

continuing subsidence, where underlying successions are:a f;ta_

"thickest.

, Q;igins andyenvironment‘of‘deposition - TYpical mudv  8




Mid Dinantian Palaeogeography
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Figure l 5 Palaeogeography of patt of Western Europe durlng
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ments relatlve to land areas and deeper baszns




mounds form lenticular masses up to more than 1 kilo-
metre across and up to 300 metres thick, composed of
varying amounts of carbonate mud, recrystallised carbon-
ate mosaics (including stromatactis) and véried fossil
débris, notable fenestellid bryozoans-and disarticulated

crinoids. Algal remains are notably rare (Lees et al

1977).

Laterally equivalent formations tend to be thinner
bedded, bioclastic grainstones, grading ‘into argillas-
ceous, cherty=-nodular or thin-bedded lime mudstones,
shales and wackestoneé. Transitions between the massive
to weakly-bedded mounds and off-reef facies are |
tY?ically abrupt, and steep depositional slopes (up to
50°) may be present on the mound flanks. Stabilisation
of these slopes during deposition probably takes place
by organic binding and rapid lithification, as‘visible
traces of bioturbation are absent, as are indications
of microbofing (Pray 1969, Lees and Conil 1980). -

The ratio of mound thickness to surrounding equivalént
facies thickness may be as great as S:lv(J. Miller, |
pers. comm. 1981), and tﬁe height of individual'hound '
facies may be up to, or even more than, 200 metres |
above the sea floor. However, the sedimentary
characteristics remain comparable with the lateral
facies equivalent, without any indications of emergence
or PrOQimity to wave base, suggesting deeper water

origins for the mud mounds.

The lack of evidence for algal influence, combined with S
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the comparative absence of turbid depositional features
led Pray (":1969) to propose such a deeper water marine:
origin, perhaps even below the photic zone. This idea
is backed up by Wilson (1975) and others (e.g. Lees et
-2l 1977, Lees and Conil 1980), although Miller (pers.
comm. 1981) disputes this with descriptions of filamen-
tous algae preserved in ancient mounds, which suggest
that the water must at least have been clear and un-
turbid. Such photosynthesising biota may of course
metely form part of a death assemblage from shallower
water origins.

Lees et at (1984) describe the wider environment of
deposition as a broad, sloping ramp or shelf, in which
mgdbanks are best developed distally, isolated and '
Scattered proximally, and absent in the shallows, They'
reject the suggestion by Newmann et al (1977) that -
Present day lithoherms in thé,Straits of Florida, at a
depthof 700 metres or more, are modern dayranalogues of
ancienthaulsortian'buildups, on the basis of'many ‘ '
differences, including geometry, structure, fabrics,

skeletal frameworks, associaﬁéd facies and settings.,

Stromatactis and mudbank origins - Many detailéd S
descriptions of stromatactis cavity systems, and diS*‘:
Cussions on their ' origin have been published; fof‘:f
example Schwarzacher (1961), Philcox (1963), Lees‘(1964)
Ross et al (1975),‘Bathursti(1980, 1982) and Pratt |
(1982). §tr6ﬁé£éctis stfﬁctufes'usually éénéist,ofiér1

Yeticulate network of sparry or fibroué calcite infil, -




enclosed in the host micrite-microspar of the mudbank
limestone. The elongate and subhorizontal outline of
the former cavities often includes irregular to digitate
upper contacts and a smooth lower contact with the host,
cemmonly with a geopetal internal sediment.

Usually more than one generetion and type of calcite
cement infil is present, viz. an earlier radiaxial
fibrous calcite mosaic, followed by a later, eguant
sparry calcite infil., Dimensions vary from finely
intricate, sub-centimetre sized networks, to large,
open, metre-long cavity filliﬁgs.

Most recent theories on their origin are based on
rapid lithification of mound carbonates and suggest that
winnowing ef unbound or unlithified sediment hasjtakeﬁ
place from underneath, or between, solid (i.e. bound and
/or lithified) crusts or carbonate mud. Resulting
cavities become filled with varying propertionsfof
’radiaxial fibrous calcite of marine origin, geopetal .
carbonate mud or other internal sediment, and may be '
followed by later'generations_of diagenetic spar in
remaining voids. The early or rapid formation of - W
stromatactis infilling is indiceted by their preSencej'
inteet, in reworked boulders in mound talﬁs deposits -
(Wilson 1975). | - e

Bathurst‘(l980;vl9825 favoufs'eriginkby 1ith1£1catien o
of cerbonate Crusﬁs'which form episodically'andemay
be reworked during bioturbation and burial, with loss of

unlithified sediment Erom between these crusts

ROiel



to form elongate cavity systems.

Recently, Pratt (1982) has proposed that organic
binding of locally generated sediment suspensions was
facilitated by the activity of blue-green algae in
stabilising the carbonate mud fraction, Subsequent
cementation formed a reef framework of unlaminated
stromatolite (thrombolite), now represented by the
carbonate mud mounds. Winnowing of unbound sediment
from the algal mat created the network of cavity
structures through the framework, now represented by
stromatactis fillings. Morphology of the resulting
network is dependent on the extent of algal binding and
supply of unconsolidated mud. - ]

The ébility of blue-green algae to grow at consliderable
dépths (beyond light penetration), and perhaps accelerate"
Caco3 precipitation by co, consumption, allows rapid-
growth of mudbanks to keep éace with rapid Subsidence.
This, combined with the protective function of the alqaé"
Oon preventing microboring by other.orgénisms~is com=-
patible with solving mahy of the previously'unanswered,:
quesﬁions on Waulsortian'mudbank origins.‘ Recognition_
of these origins leads Pratt (op cit) to classify the
mudbanks_as genuine reefal frameworkd, which may exert
some contrql on the surrounding environment. This con-
trol is highlighted by Taylor (1984) in the Silvermines
brine pool, where mudbank growthsrinfluenée host
mineral lithologies by ponding of denser, stfatified

hydrothermal solutions.

s
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Local form, setting and influence - Lees and Conil

(1980) have established that Waulsortian reef mounds
formed positive structures with relief often over 100
metres, in deeper water perhaps over 200 metres, tens
of kilometres distant from the shoreline. Rapid sub-
sidence of basin floors allow thick buildups to form

(Pray 1969, Wilson 1975). An association with active
faulting is suggested by Miller and Grayson (1982) in
their 'tilt-block' model for Dinantian sedimentation in
the Craven Basin area of Northern England. 1In this
model, Waulsortian mudbanks grow on relatively narrow
carbonate ramps in deeper water.

The upper surfaces of the mounds were probably cfaggy
and uneven (Pratt 1982), with carbonate mud bound in '
places by thrombolitic algal growths, and providing a
source of ﬁnbound sediment to the immediate surrounds
by current winnowing. - Some laterally equivalent
facies of massive, micritic carbonate sediment may have
arisen in this manner, for example, the 'Leffe'! facies
of both Lees and Conil (1980) and the ‘off-reef‘:fadies‘
of Philcox (1967). In both cases, thick,sequénées of
structureless, fine-grained, denﬂtal carbonate sediments
abound adjacent to ‘true® Waulsortian—type limestone
with as little as 10% original micrite framewoﬁk} and
large prcportions of secondary sparry calcite infil
(the'veines-bleues' of Lees and Conil (op cit) and the
'bryozoan reef' of Philcox {op cit)). o

Tefmination of reef growth may take place by~shalldwtng
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and increased energy levels (e.g. Craven Basin (Miller
and Grayson (1982) and Belgium (Lees et al 1977)), by
increased argillaceous input in continuing deep water
regimes (e.g. the Calp Limestones of the Irish basins),
of perhaps, as will be discussed in Chapter 6, by
inhibition of CaCO3 nucleation or growth, or algae
pPoisoning in a brine pool environment.

Clearly, for the hypothesis proposed in Section 1.1.2.
to stand, growth of the Waulsortian mudbanks must have
been approximately contemporary with exhalative hydro-
thermal activity, otherwise genuine primary syngenetic
trace elements aureoles could not deveiop within the -
mudbanks., Even if this is the case, initial mound 7
frameworks often contain later stages of carbonate infil .
(e.g. stromatactis), and have génerally suffered a
éertain degree of diagenetic modification of replacement¢

Aspectsof the composition and diagenesis of the>mudé
banks,‘and the suitability of thé Waulsortian Limestones
as a host for stratiform mineralisation, will be con-
sidered fufther in’the diséussion towards  the end of’

this study.
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1l.2.4. Mineral Exploration Practice in Ireland.

Considerable evolution of mineral exploration techniques
and approach has taken place in the last three or four
decades, in the search for economic base metal deposfts.
fhis has involved increasing expense and sophistication,
through surface prospecting, surface geochemistry,
geophysical methods, deep overburden sampling and diamond
drilling (Schultz 1971, Irish Association for Economic
Geology 1979).

The Lower Carboniferous rocks have been the focus of
the most intense exploration activity in Ireland, bear-
ing in mind that most of the principal known deposits
are hosted therein, virtually all suboutcropping
beneath a thin but variable cover of overburden.

Increased application of new or combined techniques ,
is required to locate those deposits which may be under 
thick Quaternary cover or younger rock formations.

Lithogeochemical prospectihg is one such approach.

&
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CHAPTER TWO - Analytical Techniques.

2.1.1, Introduction.

This chapter outlines the sampling and analytical
procedures utilised in the collection of data from each
iocality in Ireland. Techniques used in more detailed
micro-examination of trace element distribution, in
particular the electron microprobe, will be discussed
in Chapter Five.

It should be borne in mind that, as development of a
technique for application to the mineral exploration
industry was one of the principal aims of this study,
complications in both laboratory and analytical proced-
ure were kept to a minimum. Techniques used were
designed both for cheapness and rapidity, whilst hand=-
ling large numbers of samples with relatively:untrained

staff,

2.1.2. Sampling Strategy.

In order to outline a pattern of trace element dis—i:  o
tribution around a particular deposit, as wide and
continuous a spread of sample points is clearly
; desirable. Three principal sources.of,rock'samplésf¢i
are ‘available, viz:- | |

1) surface outcrop,

'di) .drill core;

~iii); underground~exposure3‘ih,minanorkings;;g[1x4ﬁ¥7?fff 

Of these, the second was pteferred where possible;31  ?’f°'

because of the greater control affdraed'byfdrillfco:é,:ﬂ‘ffl ?

i
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on stratigraphic positioning, less oxidation of rock
sample, and more rapid sampling routines when core from

a wide area is stored in a single shed. Unfortunately,
drill cover 1s generally available only for the immediate
Qicinity of known prospects and mines (usually within
about one kilometre of mineralisation),'cohsequently
surface outcrop sampling was utilised to cover a wide
area around each deposit. Similarly, underground
workings are even more confined to the area of mineral-
isation, and offer very restricted areal coverage.

It should also be borne in mind that in reconnaissance
geochemical exploration, outcrop samples are usually the
only available source of sample material. Therefore,
recognition of the surface expression of trace elemenf
aureoles is of premier importance. |

As natural outcrop is scarce in ﬁany,areas of Ireland,ﬂ
due to exteneive mahtling by drift, peat bog, or becauee"
of adficulturallactivity; additional sample sites areek”'
provided by man-made exposures (quarries,‘ditches,aroad
and rail cuttingé) The former tend to suffer moreHl } ‘
from surface weathering, depending on durability of the‘;;
rock type, whereas the 1atter usually offer a greater |
area of fresh rock for sample selection.

There is an inherent pfeblem ih‘relyihg'uéen neeutei,fj‘

uhweathered outcrops)‘as‘there is a dangetycf cfeatingf,e

,a'sample bias because of possible differential weathef+~g'~' ;

ing rates of different sample types. This situatiqn‘q"'

cannot really be avoided without widespread use of




diamond drill and sub-outcrop sampling, and must be
taken into account during interpretation of results.
Maximum sample density is usually determined by
'évailability of outcrop. In areas of mofe or less
continuous outcrop, required sample density would

obviously depend on the dimensions of the trace element

aureoles being sought.
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2.2.1. Sampling Procedure and Laboratory Preparation.

In the study of primary trace element distribution in
host rocks to stratiform mineralisation, one obvious
requirement is that only primary material should be
énalysed, i.e. all secondary oxide coatings should be
avoided. In addition, as the quest is for cryptic trace
element patterns, visible sources of contamination, or
abnormal enrichment of any sort, should be avoided where
at all possible. Such sources include visible mineral-
isation (including pyrite), dolomitisation and stylolites.
Where unavoidable, any abnormality in;rock appearance
or mineral content was recorded for future reference, so
that any spurious value obtained could bhe quickly

traced to  its source.

2.2.2, Sampling Routine.

Sampling of clean, Waulsortian-type mudbank limestones,
and their local equivalents, involved collection of both
whole rock and chip samples, in each case devoid of
secondary contaminants. With drill core, a 10 to 15
centimetre length of’core (depending. on diameter) waS'
selected as representative of a given‘length»of dore,forr
alternatively, 50 to 100 grammes of selected centimetfe?
sized chips were taken to represent such a length of
core. In outcrop locations, either a'fist?éizéd piece
of fresh rock was coilected using a 1 kq. hammer (oi‘4b
kg, sledge hammer if required), or 50 to 100g ofrrandomiyj

selected rock chips were taken to represent as wide an
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area as possible of the exposed rock face. 1In general,
more than one sample was taken from each locality, the
total number depending on the total outcrop area.

Chip sampling was eventually adopted as standard pro-
éedure, mid-way through the sampling programme, because
of the time saved in laboratory preparation (in spite
of greater time required in the field), smaller bulk
yet greater representation of outcrop, and the
difficulty in some instances of obtaining a single
uncontaminated rock or core sample. This matter is
discussed further in Chapter 5.

In each case, samples were stored in individual sealable
polythene or stiff paper sample bags for tfansport to

the laboratory.

2.2.3. Laboratory Preparation of Rock Powders for Analvsis.

- Laboratory procedures undertaken were standard in
approach for both whole rock and chip samples (see
Figure 2.1.), with the following additional comments:.
1) 1Initial sieving of powders to ~-200 mesh was dis~
continued, being considered time consuming and unheééss-
ary. Approximate grain size of powdex in the Tema mill
‘could be judged by Tema noise. Beales (1976) compares
sieved =200 samples with unsieved and +200 mesh samples
(of similar Waulsortian carbonates) and cbncludés that
sieving is not really necessary. He observes that thé
difference betweén analyticél reéults of’siéved ~200 ’

samples and unsieved samples lies within statistical
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limits of precision aéfé;efers to omit this stage,
influenced also by the considerable time saving;

2) Grinding by Tema disc mill was only done for short
lengths of time, usually less than 90 seconds, by which
time a sufficiently fine grain size had been attained,
thereby avoiding clogging up of the mill by annealing
carbonate powder. Thus we avoid slowing down of
cleaniﬁg routines or deleterious and destructive effects
on carbonates at high temperatures, brought about by
long grinding times (Reay 1981);

3) Cleaning of the jaw crusher and Tema mill between
each sample was by use of a stiff brush and warm water.
Where necessary, pure quartz sand was used:in the Tema
mill if annealing minerals such as sulphides were

present.

~2.3.1. Analytical Procedures.

For analysis by atomic absorption spectrophotometry,
Russell (1974, 1975) used overnight dissolution of 0.25g
of rock powder by 25 ml of cold 0.2M acetic acid to
determine Mn content, digestion in 3M HCl at greater
dilution for Mg, and concentrated HNO3 digestion for Zn.
All other elements were determined by X-ray fluorescence.

For this study,’éﬁa any practical application to |
mineral exploration, a rapid analytical method waé sought
that would preferably allow determination of carbonate-
associatgd trace elements from a single digestion of

limestone rock powder, at the same time leaving intact

g
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any impurities present, such as clay minerals, sulphides
and iron-manganese oxides.

Although every attempt is made during sampling to avoid
these non-carbonate impurities, this is not always
bossible if samples from close to mineralisation, or
non-mudbank sediments are involved. .

There is no reason, however, why trace elements assoc-
iated with hydrothermal input may not be locked in some
non-carbonate phase, particularly if precipitation
took place under more oxidising conditidns.‘ Examination
of the 'total'-trace element content of an impure
carbonate leads to problems in discriminating between
those elements leached from any insoluble minerals
associated with hydrothermal input and those derived
from detrital sources.

In thié study, the quest is essentially for cryptic
trace element enrichments, rather than those associated
with visible impurities.

The effect of non-discriminative analysis of multi-

lithology profiles is examined in Chapter 5.
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2.3.2. Method of Digestion of Rock Powder for A.A.

'Analxsis.

Background - By definition, pure carbonate rocks contain

less than 10% mineralogical impurities such as clay
minerals and oxides, in which the majority of trace
element concentrations in the whole rock are located.
The principal carbonate-associated cations are those
which form common, naturally occurring carbonate miner-

als such as Mg2+, Fe2+, Mn2+ and Sr2+. Other elements

2

which might be expected to occupy Ca * lattice positions

in calcite are divalent cations such as Bazf, Zn2+ and

Pb2+

(Milliman 1974).

Many attempts have been made to study the problem of
separating trace elemeﬁts associated with the carbonate -
phase of limestones and dolomites from those assdciated
with the non-carbonaté phase (e.g. Barber i974, Robinson
1980). None of these have been completely satisfactory,

- as.some degree of leaching of trace elements from clays,
sulphides or oxide minerals always takes place tofdis-,
‘tort thevnormally low values of these elements in the

carbonate frgction (Martin and Chabot 1981).

"Before selecting any one technique for application, it
was considered necessary to examine the alternatives
available, and apply some experimentation on a few .
representative samples. Chemical dissolution, with
various degrees of attack on pulverised rock, may bé"~‘»
attained by the use of either weak acids, dilute strong

aclds, or cation exchange resins. Examples of the use
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of each of these methods are outlined in the following
pages.

Weak acid digestion = Ray et al (1957) showed that 25%

V/V acetic acid effectively breaks down carbonate in
llimestone - clay mineral - quartz mixtures, whilst
apparently leaving intact the clay mineral lattices,
using the relatively unstable hectorite as a referenge
clay mineral. They overcome the inability of cold
acetic acid to digest dolomite by heating the reactants
to 80 to 85°C for 3% hours with no appreciable effects
on the clay mineral fraction. The stronger hydro-=
chloric and formic acids were shown to break down the
dlay minerals, unless acid'strengths were reduced and
temperatures kept low, such that reaction rate wasivéfy
slow, |

The same technique of using 25% V/V acetic acid was
adopted by several authors in distinction between -
'detrital' and'non-detrital' fractions of various lime-
stones and sediments (Hirst and Nicholls 19558, Chestef
1965, Chéstér and Hughes 1967). To digest a Variety of
limestone types, Barber (1974) likewise’used 25% v/v |
acetic acid, dissolving dolomitic samples by heating the
reactants to above 60°C for 12 hours with 'minimal
alteration to the non-carbonate fraction'. He gives
comparative analyses for the same-samplesnusing.étomic
absorption on the insoluble fraction (by H202 dissolu=~
tion) and X-ray fluorescence on tﬁe'whole,rock and

,insolubie fraction, to evaluate mineralogical associa-.
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-tions of trace and major elements.

Renard and Blanc (1972) studied the problem relative
to acid strength and type, and duration and temperature
of the reaction, concluding that IN acetic acid at 55°C
for 2 hours was the optimum for/maximum leaching of
carbonate and minimum leaching of non-carbonate.

In dealing with Recent marine and estuarine sediments,
Loring (1976, 1979) states that the 25% V/V acetic acid
digestion is useful to remove elements:

i) held in carbonate minerals;
1ii) held in easily soluble amorphous compounds of
Mn and Fe;
" 111) weakly held in ion exchange positions and
attached to organic matter;
‘whilst leaving intact silicate lattice structures and
resistant ferromanganese oxides.

On the other hand, Pomerol (1977) shows that leachihg
of clay minerals even by cold IN acetic acid causes |
release of ions which are atypical of the carbonate
phase of a limestone, although the elements liberated
depend on a number of parameters, notably the structural
position within the clay mineral (whether intra- or-
inter-layer elements) and nature and‘relative‘abuhdénbe
of that element. The elements most in question were |
Al, Fe, Mg, K, Na and Ca, with Mg and K leached easily
by weak acids, and Fe only if present in great quantity;
Pomerol (op cit) also stresses the importance of grind-

ing, filtration and consistency during application of -
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the technique, which should also be clearly monitored
and described.

Robinson (1980) prefers the use of 1M HCl because of
reasons of greater rapidity over the weak acid methods,
although in comparison with hot 0.3M acetic acid
digestion, notes that Fe tends to be leached from certain
non-carbonate fractions in thé former method. .

Martin and Chabot (1981) point out the problem created
by trace quantities of sulphide and oxide, which often
cannot be avoilded during sampling, due to thorough
dissemination or invisibility. This problem is not
easily overcome by selective dissolution techniques as
the low background values for many elements in the
carbonate phase means that even very slight leaching of
tiny proportions of sulphide minerals will lead to a
significant release of metal to distort analytical
results. In spite of this, by comparing hydrochloric
and acetic acid-leached Mn with total Mn content (from
X-ray fluorescence analysis), Bencini and Turi (1974)‘
show that most of the Mn present in cléy minerals ‘is
absorbed, and not lattice bound, therefore very easily
leached. However, with relatively pure}limestones,
the proportion of Mn contributed to the analyte is
negligible, and within the precision limits of anﬁlyticalr
procedure.  This holds true even in. a limestone with 1l0%
of insoluble clay mineral residue..

Stronger acid treatments - The use of weak HC1l has .

been briefly mentioned in the previous section,
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More concentrated HCl has been utilised by several
authors in similar discriminative studies, looking at
trace elements in the carbonate fraction of limestones.
Wagner et al (1979) used concentrated HCl to determine
lcarbonate-associated elements and 'soluble impurities',

as distinct from 'insoluble residue', whereas Parekh

et al (1977) also used 6N Hci, heated until all
effervescence ceased.

That HCl and other strong acids (e.q.-HNOa,‘HClO4, HF)
attack such 'insoluble' minerals as sulphides, oxides
and clay minerals is in no doubt (Angino and Billings
1972) .  Thus their use in digestion of carbona£e rocks
may be acceptable if the samples involved are of pure
dolomite or -calcite rhombs, for example, from fossil
tests, where contaminating substances are at a minimum

(possibly located along cleavage traces as fine £11ms) .

On the other hand, if examining fine-grained to micritic

limestones oontaining significant argillaceous impurity  S
(10% or more), often disseminated through the matrix,
contamination by leaching from these constituents
becomes a real problem. Because of this, Brand (1981) e
proposes that monomineralic components such as- fossils,*~if
- rather than multicomponent and multiphase matrix
samples, are best suited as geochemical indicators in
studies of carbonate rocks.

: Other treatments - In their experiments on attack of

calcite - dolomite - quartz - hectorite mixtures,~:« R

~Ray et gl (1957) include the effect of~cation exchange o




resins (in this case Amberlite IRC-50 and IR-120).

They noted that the effects on clay minerals were very
similar to those of hot 25% V/V acetic acid, but that
some of the hectorite may have been destroyed by pro-
‘1onged heating (8 hours), in the leaching of dolomitic
mixtures by the cation exchangers.

Deurer et al (1978) used a sfrong acid exchanger
( MERC-1) on pulverised lake sediment samples [after
treatment with 0.2N Bac%gf triethanolamine and O.1N NaOH
to remove exchangeable heavy metals and cations bonded

to humic acids) to separate carbonate material from

clay substances. Regeneration of the solution by 10%

HCl was undertaken (while ensuring no carbonate remained)

before atomic absorption analysis was performed.'

In a five step procedure, Forstner and Stoffers (1981)
use an acidic cetiQn exchanger to extractlcerbonater
associated trace elements from Recent pelagic sediments,
This step is undeftaken‘before,dissolutign‘cﬁ the o
remaining aqid—soluble phases (mainiy hydrous ferric-

‘manganese oxides and~hydroxides)itc pfevent.buffe:ing;

to the extractive solutions by carbonate. They conclude,

however, that the techniques utilised are as yet too
inaccurate to decide between 'easily ‘and 'moderately
acid-soluble phases.‘ |
Boyle (1981) uses overnight dissalution in pHS 5
ammonium~acetate/acetic acid buffer to dissalve;theue
,carbona;e,rwhile,keeping the pH4highﬁte minimise;thee,‘

solubility.of other phases, ‘He also utilises several

FL -

LT




methods of 'cleaning' the samples with basic complexing
agents prior to dissolution, but casts doubt on the
ability of acetate buffers to selectively leach only the
carbonate fraction of calcareous sediments. Along
éimilar lines,the initial treatment of pulverised marine
sediments for four hours with 1M MgCl2 solution is
undertaken by Grieve and Fletéher (1976) to remove
water~soluble and exchangeable metals before acid.
attack:

Discussion - Although careful attempts . are made both

in the field and laboratory to ensure purity of the
sample coilected, host rocks in and around centres of
mineralisation generally suffer from pervasive
dolomitisation, argillaceous impurities and disseminétéd,
fine-grained or microscopic mineralisation. This
creates the need for an analytical technique which is
selective in revealing the carbonate-associated trace
elements as accurately as possible, without appreéiabie
effect on non-carbonate minerals, yet sufficiently potent
- to break down the more stable or resistant carbonates.
In separation of carbonate-associated trace elements'

‘from those associated with the non-carbonate fraction,
reaction between the weak acid and ndn-catbonate minern‘
als depends on:

1) the type}and concentration of acid used;

2) the temperature and duration of the'reaetion;’

3) particle size, solubility and crystallinity of

the rock powder being digested,

B
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Prior treatment of pulverised sediments with various
weak solutions or basic complexing agents to ‘clean' or
remove water-soluble exchangeable metals, as undertaken
by Grieve and Fletcher (1976) and Boyle (1981) was not
cbnsidered suitable or necessary for consolidated and
fairly pure ancient limestones which have undergone
diagenesis and recrystallisation. Likewise, aé the use
of various cation exchangers is not shown to be any
more effective than weak acid attack in isolating car-
bonate~associated trace elements from pulverised lime-
stone or carbonate sediments, (in spite of relatively
high cost and time demands), their application here‘
is not considered advantageous.

As no single'aéid treatment has been proven as entirély
satisfactory 1n~leaching-only those metals assoclated
with carbonate phases of limestones, a number of short
experiments were conducted to determine which method
was optimum for the samples collected,fqr,this study,
and the elements sought. Theée are described iﬁ -
Appendix I. ’ ‘ 7

Trial experiments showed that heating of acetic acid
improved dissolution rate, percentage extraétion {for
Mn), and reduced énalytical error (Figure A.l; Tabiéé‘
A.l. to A.5.). Use of acetic acid rather than hydro-
chloric or nitric acids, redﬁced‘the degree of attack
on sulphides and other 'inscluble' minerals. This
aqrées with the conclusions made by Beale (1976),‘who

used heated acetic acid rather than cold, stronger acids

i
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on similar rock types.

Following the experiments outlines in Appendix I, the
technique adopted for application in regional and local
surveys utilises 2M acetic acid, with higher temperature
attack (90°C) preferred, to permit breakdown of any
dolomitic, ankeritic or sideritic components. Duration
of the reaction was kept to the minimum necessary to
break down all the carbonate, whilst ensuring that suff-
iciently fine grain size had been achieved during grind-
ing. Prolonged attack at high temperatures would
cause significant release of metals from small amounts
of clay minerals and (espeéially) sulphides present in
the rock, as well as increasing the risk of contamin-
ation from extérnal sources (Robinson 1980).

Outline of method used - Digestion of rock powder was

conducted in a testétube, at 100x dilution (0.2g9 into

20ml of 2M acetic acid); simmered at 90°C for one hour
on a sand bath; rapidly cooled in cold water and made

up to 20ml with deionised water; then decanted into a
fresh tube (Figure 2.1).

The 100x dilution allows direct determination of the
elements being sought, althpugh further dilutions were
made ifrrequired, in samples with anomalousiyyhighry
concentrations of any of these.

Analyses were perfcrmed on an I.L. 251 Atomic
Absqrption Spectrophotometer in}the Applied Geology '
bepartmeht, University of Strathclyde. ‘Standard prep-

aration and machine operating conditions are given in
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Figure 2.]. Summary of laboratory procedures for preparation and

analysis of carbonate rock samples by atomic absorption. -



Appendix III. Before analysis, one percent of pure
CaCO3 powder was added to the standard and blank
solutions so as to match the relatively high CaCO3
content of the sample solutions.
‘Analysis of samples containing visible sphalerite
resulted in considerable enhanced Zn values, reflecting
gradual breakdown of the sulphide at higher temperature.
Likewise, samples of semi-massive pyrite subjected to
the same treatment begén to show e#cess Fe values after
prolonged heating indicating breakdown of the sulphide
vand release of Fe into solution (Figures A.2. to A.l1l3.).
The elements Mn, Fe, Zn and Mg were analysed by atomic
absorption spectrophotometry (A.A.S.) in all samples.
Some other elements were analeed by X-ray flucréscéﬁce .
(X.R.F,) in a selected number of samples. Most import-
'antly, the number of elemehtsJChosén was kept to;a.g |
minimum to ensure rapid, uncomplicated (and therefofe\'"
inékpensive) procedures, all four being handled by the

single méthod outlined above.

' Manganese and Iron are commonly occurring trace éleﬁents -
in carbonate lattice positionsof.limestohes}and ’
dolomites, and both are associated almost'ﬁnivarsally‘f .
with hydrothermal sclutions; 'Both“are pfésent'in thé’f‘
limestones of the Irish Lower cérbbnifefousnear t¢'  ';
the optimum conéentrations for A.A.S. sensitivity ‘
{after 100x dilution) at between O.S’and 5‘pgmr1h
vsoiution, | |

“Magnesium is analysed as an index of the'degfee~of  f{‘;




dolomitisation suffered by the mudbank limestone
samples (often difficult to determine in hand specimen),
and to investigate any control this may have over other
trace elements. Manganese and iron levels may vary
airectly with Mg, as predicted and exemplified by many
authors (See Chapter Six.). 1In pure limestone samples
with less than 0.5% Mg, direct readings may be taken
from the analyte, whereas if appreciably higher than
this value, further dilution is required.

Z2inc is analysed as a direct indicator of hydrothermal
input, and probably reflects the amount of microscopic
sphalerite present in the rock, rather than purely
carbonate-associated zinc. When present at background
levels (10 ppm or less in the rock), it is towards thé
lower limit of detection of the analytical method, and
poorer precision levels are encountered (Figure A.l45.
Any advantage of utilising lower dilution factors is
outwelghed by the increased interference effects from
major elements, particulariy calcium; Use of‘the
hydrogen continuum is made to combat background absorp-
tion at such low levels.

Although commonly occurring as trace constitﬁents in
carbonate rocks. and minerais, the elements Ba, Sr énd )
Pb were not analysed by A.A.S. because of the unsuit-
ability of the acetic acid digestion, and‘complications‘
which may arise, particularly with Ba and Pb (e.g;” 
Campbell .and Ot'tdwa)rlsu) .~ Without the use of a carbon

furnace, Ba and Pb analyses by A.A.S. suffer from severe

o4l



Ca interference problems (Billings 1965), and diff;culty
is experienced in maintaining Ba in solution for
aspiration. Instead, these three elements (Ba, Sr, and
Pb) were analysed by X.R.F., along with a number of
‘other méjor and minor constituents(fCaCO3, 8102, A1203,
K20).

A number of analyses for Na were made using the same
solution as for routine Mn, Fe, Zn and Mg analysis.

Although not attempted in this study, direct analysis
of Ca and Mg at 1l00x dilution can be undertaken, without
further dilution, by utilising spectral overlap of
nearby non-resonance lines (Ge 422.66nm, for Ca 422.67nm;
V285.17nm, for Mg 285.21lnm) to reduce A.A.S. sénsitivity

for these elements (Robinson 1980).



CHAPTER THREE - REGIONAL ANALYTICAL DATA.

3.1.1. Introduction.

This chapter 'is concerned with thé presentation of
analytical data from sample suites collected through-
out central and southwest Ireland. Each section
commences with an outline of the principal geological
features and mineral deposits of the area under
investigation. This is then followed by presentation
of the relevant data in summarised form, by means of
graphs, maps and tables.

A total of 2300 outcrop and 770 core samples of
Waulsortian Mudbank Limestone and its local equivalents,
were Collected from the eleven areas shown in Figure
3.1. and Table 3.1. All were analysed for Mn, Fe,.Zn
and Mg. Comparison of their Mn and Fe contenté reveals
a significant difference between the core and outcrop
samples (Figure 3.2.), The former contain a wide
range of Mn and Fe contents, whereas the latter are
concentrated towards the lower end of the scale, below
500 ppm. The most probable cauée of this is that all
the core samples originate from withih'3 kilometres
of known mineralisation, and have therefore been in-
fluenced by primary enrichments, as oﬁtiined in the
introduction to this study. Outcrop samples, on the
other hand, randge from within one kilometre of known’
mineralisation to many tens of kilometres distant.
Becausé of this, only a small proportion of them have ~

been influenced by primary trace element enrichments,
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‘Figure 3.1t Location of sample areas in this study, for Key see Table 3.1. Not shown
is Craven Basin sample area, Northern England,

TABLE 3.1 LOCATION  (R) CORE (N) OUTCROP  (N) DISTAL OUTCROPA

1. Kerry . - 234 234

2. North Cork - 489 ‘ 441

3. Aherlow / South 29 42 ‘ 42

Tipperary

4. Limerick , - - 31T ; 195

5. Ballyvergin / East - i ‘59,~ B 94

: Clave ' = :

6. Silvermines-Nenagh 387 : 292 132

1. Tynagh-Loughrea 62 ‘ 139 A

8.  South Midlands - 82 .- B2

9. Moate~Athlone - {16 110

10, North Midlands 292 286 169

TABLE 3.2 (n)  (¥n+Fe)/2 Mn ¥e Mg (8)  Zn  MaiFe

~All distal outerop . 1593 - 15 108 IR R S 03800 {3.8) -+ 097 ¢

Tab1e13.lz sample distribution for each area in Figure 3.1, * Distal outcrop from "

at least 4 kilometres distant from centres of known mineralisation (see tékt).:,

© Table 3.21 Median values of Mn, Fe, In and Mg for all distal outcrop samples. Data
in ppm except where indicated. ’ -
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Figure 3.2: Comparison of ffequencj distribution of (Mn+Fe)/2 between all core samples
(n = 770) and outcrop samples (n = 2300) from Ireland. Note vertical log scale.
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Figuré 3.3t Frequency histogram of Mn and Fe in Co. Kerry samples (Area 1}, where no ...
significant exhalative mineralisation is known J'fn‘the‘t:arbanifetous.' Only & small
_ proportion contain over 100 ppm Ma or Fe. Note also the comparison between ¥n and ‘;Fé,_ N




Comparison between the core samples and those outcrop
samples collected only from areas where no mineral-
isation is known, provides a more pronounced contrast
between 'distal' and 'proximal' samples (e.g. Co. Kerry,
Area in Table 3.1, see Figure 3.3.).

In all the samples collected for this study, a.strong
sample bias exists towards 'anomalous' or trace element~
enriched samples, because patterns around known deposits
are under scrutiny. At Tynagh, for example, over half
of the total outcrop samples are taken from within the
seven kilometre zone of primary enrichment described
by Russell (1974). Because of this, ‘proximal’ éamples
are excluded from statistical'évaluation, when attempt-
ing to define baékground trace element levelsffqr‘
Waulsortian Mudbank Limestones,

In order to determine background levels for each of
the elements in this'study, the data was pooled together,
and only samples distant from known mineralisation wére
included. For this purpose, data drom 1593 outérop
samples collected at least four kilbmetres'dispantifrom ‘
mineralisation was plotted on probability curves and
median values were calculated. Frequency distribution
of Mn, Fe, Zn and Mg is shown in Figures 3.4 to 3;7 for
these distél outcrop samples, and median values for
each are tabulated in Table 3.2.

The distribution of (Mn+?e)/2 values is also shown
(Figure_3.7) as this‘average represents a convenient

means of combining the two sets of results. Preliminary
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examination of the data indicates.that Mn and Fe
essentially follow very similar, related ratterns in
their distribution in mudbank limestones (e.g. Figure
3.4). Some of the reasons for this are discussed in
Chapter 6. Their relationship can be displayed by
measuring the ratio Mn:Fe, which averages 1.03 in distal
outcrop samples, or by graphing Mn against Fe (e.q.
Figure 3.25). Use of the averaged value (Mn+Fé)/2
effectively smoothes out the distribution patterns of
the two individual elements. Comparison of means and
standard deviations for Mn, Fe and (Mn+Fe)/2 from ten
outcrop samples from a single site (Table 3.3) indicates
that o/x is lower for the averaged value than for the
ipdividual elements.

The most obvious’difference hetween their distribution
is that TFe tends to follow more extreme patterns, being
slightly lower than Mn at background levels in the. |
rock, and higher at anomalous levels. This is displayed
in Figure 3.4, where the frequency distribution of Mn |
exceeds that of Fe only in 'mid-range' between 60 ppm
and 160 ppm, further emphasised by Figure 3.8, in which
Fe frequency (fFe) has been subtracted from Mn fre~-
quency (fMn) for each class interval of the same ~
pooulation. In Table 3.3, o/x is also greater for Fe 
than Mn, although median values for distal samples are -
very similar to Table 3.2. |
. Over 90% of zinc values in distal outcrop samples are

below 10 ppm, and over 99% below 20 ppm (Figure 3.5).
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As well as the differences between Mn and Fe, median
values of Mn, Fe and (Mn+Fe)/2 vary slightly between
study areas, leading to slightly different background
levels for each individual area. These valﬁes are
tabulated in Table 3.4 and the redional variation
they represent is contoured in Figure 3.9 for (Mn+Fe)/2,
Mn and Fe. This shows how values range from below 100
ppm in the southwes£ of the country, to 200 ppm or
more in the North Midlands. Even higher values (over
300 ppm for Fe and (Mn+Fe)/2) are recorded still
further to theeast in similar Waulsortian Mudbanks in
Northern England (Table 3.4). The significance and
origin of this regional variation ;s consideréd in

Chapter 6.
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- 3.2.1. Tynagh.

Introduction.

Russell (1974, 1975) presented results of a lithogeo-
chemical study of 200 samples from Tynagh Mine and
surrounding area, in which manganese was shown to be
enriched in Waulsortian Limestone host rocks up to
seven kilometres distant from the mine. Concentration
of Zn, Al,0, and Fe,0, were also enriched in the |
surrounding host rocks to a lesser extent.

In this study, all of Russell's samples were re-
analysed using the technique described in Chapter 2.

No further samples were collected.

Geology and Mineralisation,

This area of study in West Central Ireland, .which
includes the Tynagh Pb+Zn+Cu+Ag+Ba deposit, isvunder-
laid by a shallow-dipping Lower Carboniferous strata,
lying to the east of the Slieve‘Aﬁghty Lower Palaeozoic
inlier (Figure 3.10). Discontinuous outcrop of a
broad belt of Waulsortian Limestones trends appfoximateﬁ
ly NW-SE, parallel to the NE margins of the inlier, |
offset by a number of NE trending faults, notably the
North Tynagh Fault. | | |

The lithological sequence is similar to that elsewhere
in Central Ireland, with local variations and term-
inology noted in Figure 3.11, | |
" The North Tynagh Fault and adjacent small suboutcropp=
ing Old‘Red Sandstone inlier separate the carbonaﬁe

rocks of two adjacent sedimentary~structural basins =

i
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Figure 3.10: Location of the Tynagh Mine, County Galway, with outline of the

geology of the area. See also Figure 3,1,



- the North Tynagh Basin (which hosts the Tynagh
orebodies) and the South Tynagh Basin (which has no
knowh economic mineralisation, except for the old trial
workings close to the Tynagh Mine).

‘The Tynagh primary orebody Figure 3.12) is hosted in
a fault-bounded wedge of Waulsortian Mudbank Limestones
and equivalent lithologies, the latter consisting of
iron formation, slump breccias and dolomitised mudbank
limestone (Derry et al 1965). Although mineral textures
are dominated by fracture- and cavity-fill styles of
dross-cutting and epi-genetic and epi-diagenetic mineral~
isation, a sedimentary exhalative origin is favoured
for the bulk of the ore material. Several features
support this view:-

}1) the coincidence of the‘sedimentary iron)formation
and 1ateraily extensive primary trace element enrich-
ments with base metal mineralisation {(Russell 1975);

2). sedimentary slumping and reworking of‘both mineral—'
ised and unmineralised mudbank limestones and'ofe mat—’
erial, including banded sulphide (Schultz 1966, Riedel_
1980); -

3) the occurrence of laterally persistent, very fine}
ly laminated sphalerite mineralisation in Lz Limestone;
footwall sulphide, baryte and oxide layers,in L3 (cf;'
banded footwall mineralisation in Muddy Reef atVSilveﬁv
mines (Taylor 1984)); and. zinc rich microspherules,
similar to present day, Lake Kivu mineralisation in

East Africa (Degens et al 1972), within the orebody



REGIONAL NAME | ORE

SYMBOL | LOCAL STRATIGRAPHY
(thickness)

MIDDLE LIMESTONE
(CALP) ——{SECONDARY
WAULSORTIAN
MUDBANK
COMPLEX S
oRE

..........

LOWER LIMESTONE

LOWER LIMESTONE -
SHALE

D

L1q Upper Calp
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Figure 3.11: Geological séquénée ot Tyﬁégh Mine, with thickness variation and local ,

terminology. After Hutchings (1979).

: - I ;
Lower Muddy
,Lh:nestone

50m

S~

”S‘

: 'ore
Waulsorhan

Som

Creef'

Figure 3 X2: Generalined Nerth - South geologxcal section ci Tynngh M;ne. Modxf;ed o o

- from Hutchlngs (1979).




(Riedel 1980a, b).

Although the main North Tynagh Fault is probably a
reactivated Caledonoid structure, movements have taken
place periodically, and in more than one episode in the
éarboniferous (Moore 1975). Synde@ositional fault
movements in the Lower Carboniferous are indicated by
the abundance of submarine slump material, sedimentary
breccias and turbidite deposits associated with the ore
and sediments, together with thickness changes of
various sedimentary units towards the fault (Derry‘gé
al 1965).

Mineralisation at Tynagh occurs at the point of'méximum
syndepositional throw (about 700 metres, northwards),u
and maximum fault plane steépness (dip 60 to 800 north~
wards, increasing’with depth) along the North Tynagh’
Fault (Russell 1972, Hutchings 1979). | |

The'primary‘mineralogy consists essentially of galena;'
sphalerite and pyrite, with subordinate copper ﬁinerals
and sulphosalts in a baryte; dolomite'and'calcite‘f
gangue., Ore textures have been described recently'by.
Riedell(l98o), who envisages syngenétic and sYndia-
genetic introduction of ore metals, modified by ia;er
remobilisation on both large and small scaleé,vand By |
Boast et al (1981); who present stable isotbpe data in
their atgument for a multi—étage diagenetic and post=-
lithification history of ore mineralisation.'.iateéétage,ff
cross—cutting dolomite plugs post-date the main P5+Zﬁ

- mineralisation and contain traces of copper (Huﬁchings

a -
94z



op cit). These are the subject of a study by Banks
(in preparation).

Sampling and Results.

The majority of the 137 outcrop samples analysed
come from the tract of outcrop between Tynagh Mine and
Loughrea, supplemented by 62 core samples from within a
few kilometres of the mine itself (where outcrop is
scarce), and a limited number .of samples from the south-
east continuation of reef outcrop towards Lough Derg
(Figures 3.13a,b).

Examination of the analytical data indicates that iron
accompanies manganese in its lateral enrichment patterns
around the Tynagh deposit. ‘Figures 3.14 to 3.15 show .
the lateral distribution of Mn and Fe éontent of Waul-
sortian Mudbank Limestone outwards from the'approximate“
centre of the econamic mineralisation, this point
ha&ing been chosen as an approximation for the exhalat~
ive centre. Note that beyond 6 kilometres of this
centre, Mn values generally do not exceed 250 ppm,
whereas within 4 kilometres, they do not drop below
this level (Figure 3.14). Although background values
for Fe are slightly higher than Mn, beyond 6 kilometres
they rarely exceed 300 ppm,‘whereas within 5 kilometres,
they do not drop bhelow 200 ppm (FigurefB.lS).‘ The,
distribution of (Mn+Fé)/2 follows a similar pattefﬁ of

enrichment to 6 kilometres, remaining above 250 ppm‘ :

within 4 kilometres of the mine (Figure 3.16). Plotting ﬂ'v

of (Mn+Fe)/2 values in outcrop samples alone ls equally

ROt
R
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Figure 3,13a: Simplified geology of Tynagh ~ Loughrea area, showing aample sites in Waulsortian
Mudbank or L2 leestone. Clrcles represent core samples, crosses outcrop. For dashed inset area, .

see Figure 3.13b,
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F1gure 3.13b: Simplified geological map of atea around Tynagh Mlne. showtng iample iltes. Circles

represent drill core, crosses outcrop samples.
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effective in displaying the anomalous levels up to 6
kilometres distant (Figure 3.18).

By selecting a threshold.value of 250 ppm for Mn, Fe
and (Mn+Fe)/2, and a lateral cut-off at 6 kilometres
from the mine from visual examination of Figures 3.14
to 3.16, the dimensions of the Mn and Fe aurecle can
be crudely quantified. Within these limits, 94% of
the samples from the aureole carry enriched Mn, and
90.5% carry enriched Fe (Table 3.5).

Zinc distribution also shows laterally extensive
enrichments, remaining below 10 ppm only beyond 5
‘kilometres from the mine, although similar background
values occur to within 1 kilometre (Figure 3. 17),,
effectively to the edge of the orebody itself. Within
a one kilometre radius of the chosen centre, zinc
;generally remains above 15 ppm in aoparently unmineral«
;ised micrites. -Looking at Table 3.5, 61% of core and( .
outcrop samples from within 5 kilometres of the mine
1contain over 10 ppm zinc, whereas only 4% of distal
;samples from beyond this distance exceed this value. .

f A number of exceptions to the above patterns are‘

‘present in the study area, in the form of anomalous oe'

{Mn, or Fe or Zn values outwith. the defined aureoles to

f6 kilometres (for Mn and Fe) and 5 kilometreS'(forVZn),'{1’” “d
‘These‘account for‘8% ©of Mn, 17% of Fe and 4% oszhfihdib““

all the distal outcrop samples (Table 3 5), and includei;ve
‘both isolated and groups of two or . more adjacent samples;: e

kOne of these groups of enriched Mn and Fe 1ies to thelt;'_"d”t
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I 1 S
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Figure 3.18: Distribution of (Mn+Fe)/2 in Waulsortian Limestones around Tynagh depoait.'

Only outerop samples are displayed (n - 137). Filled squsres w1th vertical bar represent “’
mean and range of 10 samples from sxngle outcrop slte.

 ELEMENT| THRESHOLD | DISTANCE| - ANOMALOUS SAMPLES (PERCENTAGE) .
{PPM) (Ki4) ( PROXIMAL) {DISTAL {ALL
- S ALL ~ CORE ~ OUTCROP | ONLY) | SAMPLES)
(Mn+Fe)/2 250 6 9.0 100 B1.0 ,‘9."6 54,8
Mn - 250 6 '_94‘.0‘ 100 87.0: 8.4 54.8
Fe 250 6  |90.5 952 852 | 16.9 52,7
Zn 10 5 61.1 82,3  52.6 4k 3.2
st 200 5 60.2  72.1. ab.o 0 42.8

Table 3 5t Percentage of anomalous samplea for ngen threshold values up tc givan SR

distance from the Tynagh deposit, for each elemeut analysed., Note that if normal

geochemical statistical thresheld levels were utxlised, much hlgher cutoff vaiues ;

would result,




southeast, near Lough Derg, and is described by Russell
(1975), and another (enriched Zn) lies in the North
Tynagh Basin, ‘towards Loughrea (Figure 3.20a).

The areal dispersion patterns defined by all the

éample data are shown in Figures 3.19 and 3.20, both
locally in core and outcrop around the Tynagh deposit,
and distally into fhe North Tynagh Basin.

Comparison between Mn and Fe distributions using
Mn:Fe ratio, demonstrates that a wide range of values

is present up to and beyond 18 kilometres from the mine
(Figure 3.21). No obvious pattérn emerges from this
data, except for a higher Mn concentration towards the
centre of the North Tynagh Basin, to the north of Tynagh
Mine, and extending into the northern flank of the Waul-
sortién outcrOp in Figure 3.,23a. This may represent
enrichment of Mn over Fe in a stratigraphically
younger part of the mudbank limestone formation,.
although the absence of mudbank development in core or
outcrop any distance to the north of the mine precludes
further investigation of this possibiliﬁy. Russell
(1975) and Riedel (1980) describe high manganesef
concentrations, centred on the manéaniferous iron form-
ation, along the central axis of the sedimentary basin
during deposition, near to the northern margin of thé"
orebody. _ |

Direct comparison between Mn and Fe values at'Tynagh:" ¢
(Figure 3.25) reveals that up to an order of magnitude

variation between the two may exist, throughout the '

b3 4
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_ TYNAGH - LOUGHREA
& outcrop sample site Mn+Fe LITHOGEOCHEMISTRY
= rocks younger than Waulsortian 2

3 rocks older than Waulsortian N

= Loughrea

Figure 3.19a: Map of Tynagh - Loﬁghrea area showing contoured values (in ppm) of (Mn+Fe)/2,
using a rolling mean. Only outcrop samples are included. :

a outcrop sample site
o drill hole sample site
==7 rocks younger than Waulsortian
7 rocks older than Waulsortion

TYNAGH MINE AREA
»MnéEg LITHOGEOCHEMISTRY

Figure 3.19b: Map of Tynagh Mine area showing contoured values of (Mn+Fe)/2 (1n ppw) , usxng .

a rolling mean, Both outcrop and core samples are included,
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Figure 3.20a: Map showing zinc content of Waulsortian Limestones between Tynagh and

Loughrea. Spot size represents zinc concentration in ppm.
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Flgute 3.20b: Map of Tynagh Mine area showing zinc content of Waulsortian Limestone in

both outcrop and core samples.
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Figure 3.21: Ratio of manganese to iron in Waulsortian Limestones around the Tynagh
deposit. For key see Figure 3,22,

>800 1—xx Tynagh - Sr content of L, Reef x core sample
‘ « o outcrop sample
) {mean & range (n=7)
600 x |
Sr %
m)
4m x X o °x X
x ¥ X
. x9°>zg°£ x
200t % Bxr¥—o — — f o5 —o & T 8T N8
%"3* X &§°ox°@%£9 s ®g ° o8 °5° 8 o g oc?og
o .
%71 4 6 8 10 m  >Bs

distance (km)

Fipure 3,22: Strontium content of Waulsortian Limestones around the Tynagh deposit.
{61 core samples, 86 outcrop samples).



entire concentration range.

For comparison with Mn, Fe and 7n data, Figure 3.22
displays strontium values determined by Russell
(unpublished data), using X.R.F. analyses on the same
éamples. This illustrates that Sr also increases in a
regular fashion towards the mineralisation. Beyond 5
kilometres, values remain between 100 and 200 ppm,
whereas within 5 kilometres, approximately 60% of core
and outcrop samples contain more than 200 ppm Sr (Table

3.5, Figures 3.24a,b).
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Figure 3.23at Map showing ratio of manganese to iron in Waulsortian Limestones betdeen,
Tynagh and Loughrea. Only outcrop samples included.
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Figure 3.23b: Map of Tynagh Mine area, showing ratio of manganese to iron in Waulsortian
Limestones. Both outcrop and core samples included.
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Figure 3.24a: Map showing strontium content of Waulsortian Limestones between Tynagh
and Loughrea. Only outcrop samples included.
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Fipure 3,24b: Map of Tynagh Mine area showing strontium content of Waulsortian Lime-
stones, Both outcrop and core samples shown, ' ‘ S
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3.3.1. Silvermines.

Introduction.

Following his success at Tynagh, Russell (unpublished
work) failed to recognise any obvious manganese halo
at Silvermines in a preliminary study of approximately
100 outcrop samples from the Nenagh Basin,

Barrett (1975) refuted the presence of widespread
primary enrichments in the form of a trace element aur-
eole, by statiﬁg that "Mn content of wall rocks quickly
falls below 800 ppm within 100 feet of the mineral-
ised horizon". Significantly, he héd confined his
study to material only from the immediate mine
environment and was thus unable to recognise any lower
background levels in the surrounding carbonate rocks.,
However, in the same study, Barrett describes footwall
and hanging wall ‘'enrichments' of Mn, Fe and Si from
the Baryte orebody at Ballynoe, without examining theif
lateral extent.

Reanalysis of Russell's samples (using the method out-
lined in Chapter Two) indicated that enriched'Mn;iFei
and Zn were present, but not so extensiveiy,aé at
Tynagh.
 Geology.

The regional geology of this study area is well des-.
cribed by Briick (1982). Essentially it consists of a
single, arcuate syncline, open to the northeast, and.
flanked by Lower Palaeozoic inliers to the west and

southeast. The latter is separated from the younger

A T A
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Figure 3,26: Simplified geology of the Nenagh - Silvermines Basin, mainly after Brlck (1982),

. For location, see also Figure 3.1,



rocks of the basin by the Silvermines Fault Zone and

its northeasterly continuation (figure 3.26). Dips

are generally shallow and towards the synclinal axis.
Younger, post-Waulsortian rock cover is confined to
ﬁorthern parts of the area, north of Nenagh, exceot for
two small outliers of Calp-like limestones, one over-
lying the base metal‘deposit itself,

The geology of the Silvermines Zn+éb+Ag+Ba deposit has
been described by Taylor and Andrew (1978) and’Taylor
(1984)., Further aspects of the mineraliSation, such as
fluid inclusion characteristics (Samson 1983; Samson and
Russell 1983), sulphur isotopes (Coomer and Robinson
1976; Boyce et al 1983), structural geology (Coller 1982;
Larter, in preparation), the presence of fossil sea-
floor vent material in the form 6f hydrothermal pyrite
chimneys (Larter et al 1981; Boyce et al 1983),

and genesis and origiﬁ of the mineralising fluids
(Russell gﬁ al 1981) have been covered satisfactorily to
proscribe further lengthy description-here.

In summary, the stratiform deposits at Silvermines
occur in small third order depressions (each less than

1 kilometre across), on the downthrown side of a major
ENE-trending (locally E-W at the mine) fault zone, the
Silvermines Fault, where intersected by smallervNW‘and
NNW trending cross faultsv(Taylor and Andrew 1978,
Coller 1982, Andrew 1984). Moveménts on these faults 
during sedimentation in Upper Tournaisian times

resulted in lateral thickness changes and extensive

e
P 4



= Calp G....G zone stratiform ore 1~
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SILVERMINES OREBODIES

Figure 3.27: Geology of the Silvermines area, showing location of the principal base metal and

baryte orebodies. After Taylor and Andrew (1978) and Taylor (1984). -



slumping and reworking by sedimentary breccias (Graham
1970, Boyce et al 1983, Taylor 1984).

Epigenetic styles of mineralisation, interpreted as
replacement features alongside the main feeder zones
(Larter et al, op cit; Samson 1983; Taylor op cit) also
occur in older sandstones, shales and dolomitised lime-
stones adjaéent to the fault, and over a distance of
at least six kilometres from east to west (Figure 3.27).

The importance of the NW trending cross faults in
contrdlling ore mineralisation is stressed by Taylor
and_Andrew (op cit). Of particular note is the way
in which sea floor topography, allied to structural
movements and mudbank growth, has controlled the lo=.
cation of the richést sedimentary ofe zones, ore
isopachytes, and the distribution of the principal
host rock lithologies (massivé pyrite, slderite and
ubaryte). | | )

This emphasises the direct sedimentary aspects of the
‘stratiform mineralisation (TaYlor’gE E$E)." |
Ore mineralisation is dominatéd by fine gralned -
galena and sphalerite, in a gangﬁe of maséive pyrite
and dolomitic reef limestone and}breccias.r'Massiﬁe;
stratiform baryte is present in ecoﬁomic quan#ities
up-dip, and along strike from the sulphide»crebcdj, on f
the same stratigraphic horizon (Barrett 1975, Crennan
1979). Sedimentary slumping and mass movements,"
triggered by synchronous tectonic events, have created

some overlap of individual host rock lithologies, because“‘
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of reworking of material. Figure 3.28 summarises some
of the geology of the deposits.

Sampling.

In this study, 220 outcrop samples were combined with
Russell's 96 samples, and 441 samples of drill core

from the mine area, to give an overall picture of the
lateral trace element distribution in the Nenagh-Silver-
mines area. The location of the‘outcrop samples is
given in Figure 3.29 and the boreholes samples on
Figure 3.43.

Limitations to the areal sampling programme arose
because of a number of reasons:-

1) 1limited surface outcrop, especially in the mine
area, because of thick overburden;

2) limit of drilling generally within a kilometre of
economic mineralisation;

3) much of the core has been disposed of, particularly
those holes from areas now mined out;

4) a large area to the NW of the mine has suffered
from deeply penetrating'oxidative'weathering.

Vertical profiles4of selected diamondrdrill holes were
élso investigated in an attempt to add a third dimensioh
(representing time) to trace element pvatterns. These’
are described in the following chapter.

Results., ,

For the purpose of measuring the distance of each out=
crop (6r‘borehole) site from the hydrothermal source,
the centre of mineralisation is chosen aé the approx-
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imate centres of the B and Upper G zones, whichever
is closer.

Graphs depicting the concentration of Mn, Fe and Zn
with distance from the mine (Figures 3,30 - 32) do not
éresent such a clear picture of decreasing concentration
with increasing distance, as they do at Tynagh (Figures
3.15 - 18). High concentrations, comparable with those
at Tynagh, are present close to the mineralisation, but
"assuming background and threshold values to be also
comparable, anomalous concentrations of each element
appear to be present up to 15 kilometres or more from
the deposit, with several peaks.

Examinaﬁion of the areal distribution of trace elemeht
contents throughout the basin partly elucidates the
nature of these anomalous concentrations (Figures
3,33 - 39), 1In these diagrams, suboutcrop samples from
drill core in the Silvermines area have been included
to supplement the sparse surface outcrop available '
~ the_re. Higher values of the three elements Mn, Fe and
Zn appear to be confined largely towards the margins
- of the synclinal basin (i.e. the lower part of the mud-
bank complex), especially along the’southern limb, This-:
suggests that enrichments are therefore confined to the-
basal partvof the mudbank succession, over a diStahce
of perhaps ten kilometres or more from the mine, and
outcrop sampling has failgd to express-this adequately,
because of poor ekposure of basal mudbank in certain’

areas., With the location of the stratiform mineral-
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Figure 3.30: (Mn+Fe)/2 content of Waulsortian Limestone samples around the Silvermines
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outcrop samples only (n = 220).
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isation at Silvermines near to the base of the mudbank
succession, it is not surprising therefore, that the
associated primary enrichments appear to be confined
largely to the same part of the succession.

‘Alternatively, more than one exhalative centre may
have been active in the basin during sedimentation,
producing two (or more) interfering aureole patterns,
and explaining the apparent gaps in the basal mudbank
enrichments,

For the purposes of statistical interpretation of the
data, the elevated trace element values were grouped
into two distinct aureoles, one centred on the Silver-
mines deposits, and the other on a point some 4 kilo-
metres to the east of Nenagh (Figure 3.29). The reasons
for this are based on the discovery of in-situ lead and
zinc mineralisation at this second location, 12 kilo-
metres from, and unrelated to, the Silvermines deposits
(Gray 1982). |

Examinatioh of the distribution of trace elements in
core and outcrop samples from afound the Silvermiﬁes
centre, on a more local scale, allows some quantificatm,.
ion of the dimensions of the zone of enrichment (Figures
3.40 -~ 42). Almost 80% of all samples from within 4
kilometres of the centre of mineralisaﬁidn éontain over |
200 ppm (Mn+Fe)/2, and over 60% of the‘same-Samples
contain over 10 ppm Zn (Table 3,6a). Similérly; of
the 83 outcrop samples falling within 4 kilometres of

the postulated Nenagh centre, 68% contain over 200 ppm

b §
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Figure 3.35: (Mn+Fe)/2 content of Waulsortian Limestones in Nenagh - Silvermines area. Values
contoured using a rolling mean.
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(Mn+Fe) /2, and 41% contain over 10 ppm 2n (Table 3.6a).
However, in the former case, utilising only outcrop
samples around the mine is less effective than in

the latter, as the proportion of anomalous samples drops
to 27% for Zzn, and less than 20% for (Mn+Fe)/2 (Table
B.Sa). For comparison, of the 132 samples from more
than 4 kilometres from either centre, 15% contain more
than 200 ppm (Mn+Fe) /2, and 16% contain more than 10 ppm
Zn, indicating how easy it would be to miss the Silver-
mines centre in surface reconnaissance sampling.
Comparison of the median values of Mn, Fe and Zn'in out=-
crop samples from the three areas (Silvermines proximal;
Nenagh proximal and all distal samplés) iliustrates

how péorly expressed the Silvermines centre is in
surface outcrop (Table 3.6b).

It is possihle to contour the areal distribution of
traée elements ih the area close to the Silvermihes
deposits (Figures 3.44'- 48). 1In these, only sample
data from the stratiform ore horizon, and its lateralA
equivalents in drill core samples, are utilised._’Alsd :
included are data from surrounding\butcrop samplé sités}
for which stratigraphic control is not so readilj‘
determined with any degree of certainty, especially.in '
the absence of nearby borehole information. These dia-
graﬁs enabie patterns of trace element distribu;idn to 
be compared with the distribution of stratiform ore
and host rocks more directly. Several zohes of high Mn,

Fe andlzh content are outlined in the immediate vicinity
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of the stratiform B and Upper G zones, particularly.*
around the margins of the economic mineralisation,
falling off rapidly towards the northeast (Figures

3.44 - 48). The ration of Mn:Fe appears to increase
from the western and southern extremities of the ore
zone outwards to the north and east (Figure 3.48).

. Discussion of the origin and significance of these
patterns is undertaken in Chapter 6. Vertical profiles
of individual boreholes are examined in the next
chapter, to expand on the idea of basal mudbank enrichﬁ
ments paralleling the localisation of economic base

metals at the same horizon in the Silvermines'deposits;
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Fipure 3.44: (Mn+Fe)/2 content of ore horizon samples around Silvermines deposits,
contoured using a rolling mean. Only outcrop samples from beyond drill coverage
are included.

Silvermines e .:_57"“'7 N 4

ore horizon samples o R
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...outcrop sample — o ~ | \N“"‘-\

Fxgure 3.45:% Zlnc content of ore honzon sampies araund the levexmines deposxts,
contoured using a rolling mean, Ouly outcrop samplea from beycnd dnll ccverage

" are included.
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s...outcrop sample

Figure 3.46: Manganese content of ore horizon samples from around the Silvermines

deposits, contoured using a rolling mean. Only cutcrop samples from beyond drill
coverage are included. :

s

Silvermines = ¢
. » . .
ore horizon samples = R : .
iron - (ppm) —_— , B
* .
+..outcrop sample - =7 500‘\\\ . /'f"‘“"“"‘\'\\g.

Figure 3.47: Iron content of ore horizon samples from around the Silvermines

deposits, contoured using & rolling mean. Only outerop samples from beyond drill -
coverage are included, - ‘ ' e ' ‘ ‘ :




Silvermines
ore horizon samples
Manganese : Iron ratio

s...outcrop sample -

Figure 3.48: Mangahese to iron ratio in ore horizon sauples from around Silvermines
deposits, contoured using a rvolling mean. Only outcrop samples from beyond drill

coverage are included.

Percentage anomalous samples

Sample description n EB%EE Mn _Fe . .Zn o 8y
Silvermines proximal
Outerop 63 | 159 159 127 27,0 ' 10
Core 386 | 89.6 89.1 87.0  69.4 19

Core + outcrop ~ 449 | 79.0 78,3 76,1  63.1 15
: * (177) | (58.3) (55.0) (55.0) (42.8) (18)

Nenagh proximal , : ; , ,
outerop 83 67.5 66,3 59,0 1.0, "o

All distal outcrop 132 152 17.46 18,2 15,9 10

" Table 3.6a: Percentage of anomalous aamples out of total from arouud the Silvermxnes'~'
and Nenagh centres (see text). Threshold of 10ppm for Zn, 200ppm for other ‘elements,
* Fxgurea in brackets exclude dolomxtlc samples. e :

MEDIAN VALUES (PPM), OUTCROP SAMPLES DNLY.

SOURCE ~  m MntFe Mo Fe Zn sr
—z ‘
Silvermines 63 110 130 88 6.1 168 -
proximal , - _ RN ORI o ‘;
Nenagh 83 245 255 0 235 7.5 163
proximal : ' SR B
All distal 132 | 114 123 103 (3.5) 174

. Table 3.6b: Median values of each element in outcrop samples from Nenaghnsilv&rmxneﬂ,j~f] '

area. Note the poor expreaslon of the levermines aureole 1n outctop sampl&s.wf




+3,4,1. Athlone - Longford - Mullingar.

Introduction.

This part of the study was initiated to examine
patterns of trace element distribution in a large area
of NOrth—Central Ireland, containing known,base metal
mineralisaticn in several‘places, viz. the Ballinalack,
Keel, Moate and Moyvore prospects (Figure 3.49).

One significant difference between this area and the
other areas studied, is that Waulsortian mudbank faciles
is only patchily developed here, in an otherwise’
'lagoonal' limestone sequence, representing the north-
ern edge of the main central zone of continuoue reef
~.development (McDermott and*Seyastopulo 1972; Sevastopulo
1979) ~ Mudbanks here aooear to form more localised~d
sheet forms grading northeast into isolated mound or
"'knoll' forms, before disappearing althogether (Nevill
1958 Lees 1964) ‘

A large proportion of this area is underlain by weakly |
folded rocks of Carboniferous age, with very poor out-~ i
;crop characterising the post—Tournaisian strata (Calp
and later formations) A few-small inliers of nre«'
Carboniferous or basal Carboniferous sediments outcrop _f
and tend to display northeasterlyutrending Caledonoid
~ features. These may be fault—bounded by similar-‘i1‘ﬁt

trending normal fault systems.

A number of preliminary studies of the lithogeochemistry,jwtf

of parts of this area, initiated following the oub11c~v E

ation of results from Tynagh (Russell 1974, 1975l, .
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are described by Beale (1976) and Al-Kindi (1979)

for Ballinalack, and by Martin and Chabot (1981) for
Moate. Each of these authors report local enrichments
of manganese around the base metal mineralisation,

up to several kilometres distant.

- Outcrop samples from this area were supplemented by
core material from both Keel and Ballinalack, and

by outcrop samples collected by Russell (unpublished

work) from the Moate - Athlone area.

e
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3.4.2. Ballinalack.

Introduction,.

Beale (1976) examined core from the Ballinalack Pb+Zn
prospect and outcrop from the surrounding area, and
reported primary enrichments of manganese up to 3 kilo-
metres from the deposit, with 1ocel zinc enrichments

in drill core to half a kilometre. A number of outcrop

samples collected by Al-Kindy (1979) from the vicinity

of the mineralisation yielded high valnes,of Mn compared

to the background values from elsewhere inkrreland.'

As discussion on the genesis of the Ballinalack’miner«
alisation suggests a range of possible modes of intro«}
duction of ore material from syngenetic, through.syn— e
~ diagenetic, to post-lithification or epigenetic (Beale
_E cit; McArdle 1978 Halls et al 1979; Jones and
Bradfer 1982), 1ithogeochemistry was seen as one method
,for proving or disproving syn-genetic introduction of i
base metals and assoclated trace elements into a
‘submarine‘environment.;

'Geologz | |
The bedrock geology of this area consiste almost

entirely of roaks of Lower Carboniferous age.3 The old~~‘nlv”

est rocks at the surface are located in a small NE~ ‘Jn;n
trending inlier of basal: Carboniferous Mixed Beds and
clastics at Ballinacarrigy, to the southwest of the
Ballinalack prosoect (Figure 3.50). Discontinuous

Waulsortian mudbanks are surrounded by dark, impure‘

1agoonal limestones (Argillaceous Bioclastic Limestonakyyv,‘,;

e
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Figure 3.50: Geology of Ballinalack area, Co.

Westmeath, showing location of Ballinalack

deposit. Inlier of Mixed Beds on western edge of map is Ballinacarrigy Inlier (see text).



énd thick'Calp' limestones (over 300 metres thick)
cover large areas to the north and east (Jones and
Bradfer op cit). Thicker, sheetlike.developments of
Waulsortian 'Reef' outcrop to the southwest; between
hallinacarrigy and Moate, whereas bnly isolated 'knoll
reefs' of Waulsortian andyounger age occur sporadically
to the northeast (Nevill 1958; Lees 1964).

Regional dips are generally shallow (5-100) and towards
the east or southeast, and although a number of major
fault ttends have been postulated for the area (N-S,
Russell 1968; NW-SE, Horne 1979; NE-SW, Deeny>1982),
little evidence for these is seen at the surface, A
northeasterly Caledonoid trend is indicated by struct-
pral alignment of basal Carboniferous inliers and bore-
hole information on fault patterns.
~ The apparent absence of 0ld Red Sandstone or‘Red Bed
lithologies in th_is area may be real or apparént, due‘
either to palaeogeographic variation or faultinq in |
the sequence (Jones and Bradfer op cit).

Mineralisation.,

The miheralisation at Baliinalaék‘is associéted with
a NNE trending normal fault, but differs from qtﬁer
Irish deposits in that it does not lie adjacént to
any major inlier of Lower Palaeozoics or 0ld Red
Sandstone. Movement on the fault is of the order of
200 to 250 metres downtﬁrown to the west, increasing
northwards (from which we may infer a hinged mbvement),

- with smaller cross-cutting faults trending WNW, with -

v
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a NE downthrow and relatively minor amounts of
movement.,

Three, or perhaps four, mudbank 'knolls are strung
parallel to, and along the fault, and considerable
ﬁhinning of these is observed eastwards across the
structure. This is coincidental with localised reef

breccias of uncertain origin, possibly indicating
contemporaneous movements on the fault (Jones and -
Bradfer op cit). These knolls are up to approximately
200 metres thick, elongated paralleiito the fault, and
thin to less than 25 metres between maximum developments,
and also to the east of the fault, where 'off-reef’
argillaceous bioclastic limestone facies'predominated.
The most important sulphide mineralisation 'is centred
on the mudbank limestones (Figure 3.51), with minor
concentrations in older strata at depth, notably the
'Navan Micrite' init of transitional mixed beds.
Sulphides are present as sporadic concentrations of
galena and sphalerite, with pyrite and bravoite,iin*
primary (hdtably stromatactis) and secondary cavitles -
in the mudbank framewofk, deposited from eﬁolving
hydrothermal £luids during diagenesis (Halls et al 1979),
The principal gangue minerals are calcite, dolomite and
baryte, .

A possible textural control on deposition, according:.
to permeabilityof individdal mudbank microfaciéSfand
interbedded argillaceous layers, is indicated by Jones:

and Bradfer (op cit). They give detailed descriptions



of host carbonate mudbanks. listing four generations
6f cement and internal sediment within stromatactis
cavities, along with late-stage calcite and pink
dolomite veinlets.

éampling and Results.

Fist-sized samples were collected from available out-
crop locations of Waulsortian mudbank at Ballinalack,
and probably contemporaneous knolls in the surrounding
area. A small number of samples collected by Al-Kindi
(1979) were also used, and the data was complemented
by a suite of core samples from the deposit itself.

Initial examination of Mn and Fe data from outcropn
within 5 kilometres of the Ballinalack deposit’ indicated
that a range of values, from below 200 to over 1000 ppm
was present (Figure 3.,52a). Analysis of distal out-
crop sampleé, most1y takeh from some 15 to 20‘kiioﬁetres
to the south towards Ballymore, and sporadic outcropé fd
the south and east of Mullingar, suggested that an -
extensive aureole of Mn and Fe was prééent around the
mineralisation, as average distal valhes &ere'genérally‘
’iess than 250 ppm. Absence of outcrdp in the regibn
from 5 to 12 kilometres distant (except towards the
}neighbouring depbsit at Keel, see Section 3.4,3,)
reduces the effectiveness of simple graphing of thei» ’
data against distance from the deposit,'to determine the
lateral extent of the enrichments. ‘ | |

Plotting the analytical results of coréfsémple§ §rch~'

within 2 kilometres of the centre of mineralisati§n 
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alongside the distal outcrop samples from Ballymore

and Mullingar (Figure 3.52b) indicates the differ-
entiation between the two sets of samples, effectively
separated by the curved line representing MniFe = 500ppm.
‘The comparison between (Mn+Fe)/2 and Zn content in
core, proximal outcrop (within 5 kilometres) and distal
outcrop (beyond 5 kilometres), is illustrated quant-
itatively by the frequency histograms in Figures |

3.53 and 3.54, Within the 'prokximal' zone, only 12%

of outcrop samples and less than 6% of all samples .

(outcrop and core) have less than 200 ppm (Mn+Fe)/2.
Anomalous zinc accounts for a much smaller pfoportion
of proximal samples, over 74% of which retain back-
ground values of less than 10 ppm (includinq 90% of allf
proximal outcrop samples).

Contouring of (Mn+Fe)/2 values inthe Ballinalack -
Ballymore area outlines two pronounced highs (F;gure
3.55), one on the periphery of the deposit and one.
close.to the southern end of the'drillﬂgrid;;‘Included
on this map are avefaged values frdm‘eech borehble;

‘Closer examination of Mn and Fe distribution within

the}vicinity of the deposit, using core data, indicatesj‘.e~"

that the highest values appear to be‘centred on the

northerh half of the drill grid, where Mn is slightly
higher than Fe (Figures 3.57a-b). |

Vertical distribution of trace element data in drill

core is presented in the following chapter.
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BALLINALACK SAMPLES
frequency distribution -zinc

Distal outcrop (>10km)
(Ballymore SE) , n=63
all samples <10ppm

Proximal outcrop ( <5km)
n =106 .
9.4°% of samples >10ppm

o1 &T% " >20ppm

v v " v v i
Drill core (excl. Baronstown)
all <3km, n=136

43% of samples >10ppm

228% » »  >20ppm

f

40 60 80 100+

Zn (ppm)

. Figure 3.541 Comparison of frequency distribution of zinc in distal outerop, . -
" proximal outerop and proximal core from Ballinalack area.: ,
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Figure 3.55: Distribution of (Mn+Fe)/2 in Waulsortian Limestones in Ballinalack area,

contoured using a rolling mwean. Stippled area is Basal Carboniferous of Ballxnacarrig&

inlier, horxzontal ruling is Calp outcrop. Immediately to the west of the map lies the
Keel sample area.
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sampled at Ballinalack., Results averaged from two or more samples for each hole.
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sampled at Ballinalack. Results averaged from two or more samples for each hole.



" 3.4.3. Keel.

Introduction.

The Keel Zn+Pb+Cd deposit is situated some 15 kilo-
metres to the WNW of the Ballinalack deposit, on the
'opposite margin of the same shallow basin (Figure 3.49).

Unpublished lithogeochemical work undertaken by

RioFinEx, on groove and chip samples from drill core,
indicated apparently elevated levels of a number of
trace elements, notably Mn, Zn and Ba, in the vicinity
of the deposit. Background values were not determined
for the surrounding area. |

Geology and Mineralisation. .

The geology of the epigenetic mineralisation at Keel
was the subject of a study by Patterson (1%70), althoughi
his results were not published., Outlines of the geo-~
logioal setting are included in general reviews hy
Morrissey gg al (1971), williams and McArdle (1978),
and in papers by Meyers and Evans (1973), Loﬁell‘gﬁ'gl
(1979) and Slowey (1984) .

The local setting of the Keel deposit bears many
resemblances to Silvermines, in that epigenetic feeder*}“
zone mineralisation occurs in veins and replacing basal
Carboniferous clastics and conglomerates. A major normal
fault (the Keel Fault) separates this from stratabound :
massive baryte and pyrite, with zinc and minor lead, 7
at the base of the Waulsortian mudbank (Slowey‘gg'éigl.r
Economic quantities of stratiform base metals have

not yet been encountered.
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The mineralisation is situated in a NE-SW feult
system, on the southeastern margin of a small Lower
Palaeozoic inlier (Figures 3.58 - 59).
The youngest rocks known to host mineralisation are
the Waulsortian mudbanks, which are up to about 200
metres thick, and located on the downthrown g8ide of -
this fault system. The mudbank’complex thickens to
the south, where outcrops become more frequent, and
more or less dies out to the north. Virtually no
Waulsortian-type mudbank developments of similar age
are known to the north of this area (D.C.Smith, petsonal
communication 1981).
| Apart from minor thinnihg’of stromatactis reef lenses
away from the fault, high up in the succession, and very
»minor occurrence of sedimentary breccia (or possible :
reef talus), little evidence is seen to support
substantial synchronous movements on the fault aurinqy
Lower Carboniferous times. This is in apparentzcont:ast
to other major deposits in Ireland, altﬁough if-Basiﬁ
subsidence was rapid and approximately matched by the'
fault movements, deposition of slump breccias would not |
necessarily arise. Fault movements may thus have been k
more or less insignificant, or else very gradual,and'f
.non-catastrophic, absorbed largely by minor folding
and bedding plane slips.' In comparison with Ballinalack,
however, much greater movement overall is indicated by
the close proximity of Lower Palaeozoic rocks_to’post?

Waulsortian Calp Limestones along the fault zone.
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Thickness and form of the mudbank appears to be
similar to Ballinalack, with perhaps four main 'knolls'
up to 200 metres thick, strung along the downthrown
side of the fault. They consist almost entirely of
étromatactic calcilutite, with only minor, thin, shaley
or bioclastic intercalactions and inter-reef tongues
of argillaceous limestone. Dolomitisation, although
present, is not important, and even the stratiform
‘baryte and pyrite concentrations at the base of the
mudbank.are hosted by rélatively unaltered stromatactic
calcilutite (D.C. Smith, personal communication 1981).

Boundaries within the mudbanks may be sharp or some-
what indistinct, interhedded and probably diachronous
vwith neighbouring ‘reef-equivalent' argillaceous bio-. -
clastic limestqnes. Individual reef knolls are composed
of stacked mudbanks 6r reef mounds, and individual
lenses of mudbank may or may not be separated laterally
and vertically by shaley tongues'or other peripheral
detrital lithologies, as described by Lees (1964) from
‘nearby Carrickboy Quarry. | | |

" Sampling and Results.

A tétal of 69 outcrop and 134 core samples were collect-
ed from the area to examine trace element dispersion |
" patterns around the deposit, with sample sites displayed :
in Figure 3.58, Although high values are recorded

close to the mineralisation, simple plotting of Mﬁ andu 
Fe concentration against the distance from the deposit .

does not allow recognition of any pronounced trace

| &
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element aureole. Only a vague distinction can be

made between samples from near the mineralisation and
those distant, in terms of compositional average and
range. |

'If areal distribution of (Mn+Fe) /2 content is examined
(Figure 3.60a), a more suitable 'centre' can be chosen
to alléw the definition of proximal and distal sample
populations for statistical comparison. A zone of
higher Mn and Fe Foncentrations is apparent, éveraging
over 250 ppm, enclosed to the northwest and straddling
the Keel Fault. This is centred approximately 2 kilo~
metres to the N.E. of the Keel shaft (which was sunk
into the epigenetic mineralisation), closer to the
lexistin@ stratiform ore zohe, at the base of the mudbank.
A point central to these enrichments, on the main Keel
Fault} was selected as a centre for measuriﬁgvdistahée ;
to thé sample sites.

In Figure 3.61, (Mn+Fe)/2 contents of distai samples
~ (from over four kilpmétres from the chOSen'centfe);are"
comparéd t§ ihose of proximai sampleé, 1ndicatin§r£he';
slightly higher range of Qalues in the latter. . Over"
twice as many distalvsamples as proximal contain less
than 200 ppm (Mn+Fe)/2, and ﬁhe converse is true of ’
those samples containing more than 300 ppm. The threSv;
hold between the two sets of data appears td be around
250‘ppmf |

Areal expression of Mn’and Fe values iﬁcludes a Qeak >

suggestion of basal mudbank enrichment along the flanks
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KEEL SAMPLES
frequency distribution - Mn:Fe
20! q Y 5
”°‘ A. Distal core & outcrop (>4km)
20 13% samples >300ppm
49%% " >200ppm
101 (n=101)
100 200 400 600 ppm 800+
i - B. Proximal core & outcrop (<4km)
20 | —_— 35% samples >300ppm
- 75% » >200ppm
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Figure 3.611 A) Frequency dutribution of (Mn+Fe)/2 in distal nmplu - core and outcrop from bcyond
4 kilometres of chosen centre (ue text); B) Frequency distribution of (HmFe)/Z in proximal samples

- core and outcrop from beyond b kilometres of chosen centre; C) Comparison of distal and proximal '
samples, achieved by subtracting frequency distribution of B from A,



of the Lower Palaeozoic inlier (Figure 3.60a). This

is apparently similar to the situation at Silvermines,
and could perhaps be expected, as the known strati-
form mineralisation is also located in the lowest part
of the mudbank sequence. This suggestion is invest-
igated further in vertical profiles of drill holes in
the following chapter.

Areal distribuﬁion of Mn:Fe ratios (Figure 3.60b) out-
lines a general increase in Fe over Mn from the south‘}
and southeast towards the north and west, with a small
Mn high (relative to Fe) situated'along the Keel
Fault, coinciding with the main (Mn+Fe)/2 peak.

Zinc values at Keel are generally very low,‘aﬁd‘only
1l samples (both core and outcrop) from within 4 kilo-
metres of the centre contain over 10 ppm zinc, repfesent«
ing less than 10 percent of the total proximal sample

population.

3.4.4. Moate and Moyvore.

The Southern part~of the area studied contains two
known base metal prospects, those at Moate and Moyvore,
the locations of which are indicated on Figuro:3;49.

Martin and Chabot (1981)khave described primary
manganese and iron enriohments in lowermost Carbon=
iferous calcareous sediments associated with“foult'
controlled Zn%Pb.mineralisation atkMoate.

The mineralisation here occurs in géntly folded,
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shallow-dipping Carhoniferous Mixed Beds and shallow
water carbonates, in num_erous steeply dipping minor
faults, associated fractures and fissures, and
stratabound zones in adjacent carbonate rocks (Schultz
1971, Poustie and Kucha 1984). Mineralogy is primarily"
sphalerite and pyrite, with galena, in a calcite and
baryte gangue. Knowledge of the stratigraphic range
of the mineralisation is limited by the removal, by
erqsion, Qf much of the overlying Argillaceous Bio=-
clastic Limestone and Waulsortian mudbanks in the
immediate vicinity.
Moyvore.
- Nawrocki and Romer (1979) document the discovery of'a
zone of low grade (up to 5% combinéd'metals) PE+Zn
mineralisation associated with a NE trending normal
fault, with a vertical displacemént of approximately
250 metres. Asvat;Moate, knowledge of the texture ana i
composition of the mineralisation is limited to bore-
hole material and mineralised float, but it does

appear confined to sub-Waulsortian strata, in'essentiaiiyk‘
epigenetic styies. |

ThevMéyvcre proSpect occurs in an area of very poor
outcrop, several kilometres to the»north’of Moaté,‘i
where most of the Waulsortian and underlying Argillaceous
Bioclastic Limestones have likewise been.removed by |
erosion, ’:7, ‘ ’4
~ Sampling of Waulsortilan Limestones has included butm -

crops within a few kilometres of both of theéé“
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localities.

Results,

A total of 116 outcrop samples were collected from the
Moate-Athlone~Ballymore area. Analytical results of
ihose outcrop samples from the nearest ten outcrop
'sites to the Moate and Moyvore prospects wefe COmpared
with the remainder. These 23 samples came from sites
up to about 6 kilometres from either of the prospects.

Comparison of the Mn and Fe contents of the two sets
\of samples (Figure 3.62a) reveals a large area of over-

lap in concentration range. In the same way as at Keel,
however, proximal samples contain significantly higher
-levels than distal samples} as displayed in Figure 3.62b;
with median values of 240 and 163 ppm respectively, for

(Mn+Fe)/2

These same results are displayed in contoured map

form in Figure 3.63. An extensive area of weak enrich~
ment of Mn and Fe stretches northwards from the Moate -

inlier and westwards from the southefn end of the

Moyvore inlier. 1In addition;.distal'samples from'east

of the two inliers anpeaf to contain lower levels than

those from the west (see also Figure 3.62a). |

As at Keel, zinc levels are 1ow, generally below 10 ppm,
" in both proximal and distal samples.

Sampling in this area was undertaken more to determine‘
regional background levels and variation, rather than T
dispersion around either of these two centres. As a

result;‘sample density'is'generally on the SParse'side'
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to delineate specific patterns, and insufficient
samples from close to either prospect were'collected
to permit a clear definition of trace element aureoles

around them.

3.5.1. Ballyvergin.

Introduction.

The Waulsortian Mudbank Limestone outcrops of East
County Clare were sampled to investigate trace element
distribution around the small Pb, Zn and Cu deposits
of the Ballyvergin area. These deposits are largely |
eplgenetic in style, and are considered to bhe probably
Hercynian in age (Sevéstopulo and Phillips 1984), post=-
dating the mudbank deposition by over 50 million years.
iInitial analytical results from the area were encour-
aging, though somewhat ambiguous (Russell, unpublished
work), indicating possible local enrichment of the -
mudbanks associatéd with emplacement of the deposits.,
Russell's samples were reanalysed, along with a small
number collected by the author, as part of thé preéenf'
study to investigate further the nature of these
enrichments. |

Recognition of apparent primary enrichments in mude
banks around supposedly much younger, epigenetic minere 1
alisation would neceésitate a change in opinion oVer
the genesis of the deposits (that they were‘conteﬁp*
oraneous with mudbank growth), or recénsideration of the

processes thought to control primary, syngenetic trace

R
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element aureole formation.

Geology of the area.

The Pb+Zn+Cu- occurrences of the Ballyvergin area are
situated on the northern limb of a broad shallow syn-
bline, with shallow axial plunge to the southwest. In
the northwestern part of this limb, strike swings
round from westerly, through north, to northeasterly,
forming a counterpart anticlinal or domal structure,
on which the deposits are located (Figure 3.65). The
Waulsortian mudbank dutcrop forms an S-shaped pattern’
with shallow dips, rarely exceeding 15° (Hallof‘gs'gl'
1962).

Coller (1982) deécribes this area structurally as
'qccurring in a local zone of dilation at the inter-
section of the‘NNE-trending; sinistral Fergus Shear
Zone, and the ENE-trending, dextral Quin Shear Zone; )
which in turn lies paréllel to the majoi Sllvermiﬁes
Shear Zone to the south, also dextral (Figure 3464).
Surface exptession»of these large scale features is
repfesented by minor fold and fault patterns,‘and'
préssufe solution cleavage. It appears*that some of
these features may have been generated along'pfeJ‘
existing Caledonoid lines of weakness,

Intersection and terminal dilation zones on these
shear zones are favourable sites for potential miner=

alisation (Phillips 1983).

Geology of the deposits,

Obtaining most of their information from old Survey
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B Ballyvergin P Major pre Carboniferous
T Tynagh & inliers
S Silvermines

Figure 3.64: Principal structural features of West Central

Ireland, after Coller (1982), T = Tynagh, S = Silvermines,
B = Ballyvergin,



Memoirs, Hallof et al (1962) briefly describe three

of the deposits, those of Ballyvergin, Ballyhickey and
Kilbreckan, which occur in sub-Reef, Reef and supra-
Reef formations respectively. They consist of varying
ﬁroportions of galena, sphalerite, chalcopyrite and
pyrite, with trace amounts of other sulphides in a.
mainly calcitic gangue, cross-cutting the host lime-
Stones in irregular veins and pockets. These are
associated, in part, with dolomitisation of the host
rocks. |

Although generally considered to be epigenetic in
nature (e.g. Williams and McArdle 1978;‘Phillips 1983},
visual inspection of dump material from twolof the - r
smaller occurrences (Carrahin and Crowhill), both
situated within the mudbank complex, reveals fine—grained
intergrowths of commoh sulphide minerals,]similar,texté
urally to ore from the upper stratiform'zones at
Silvermines.

With this in mind, and no detailed information avail~
able on morphology, setting or textural work, the
" origin of these deposits was approached with an open T
mind. |
" Results.

The location of the outcrop samples is shown on Figured
3.65, along with the salient features of the geology of»‘
the area. Analytical results of these samples indicate
that enriched Mn and Fe values (above.250>ppm).are

present locally around the mineralisation, extendinq"
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up to about six kilometres from the arbitrarily chosen
centre of the deposits (Figures 3.66a - c). Within this
6 kilometre zone of enrichment, only 26% of the samples
contain over 250 ppm (Mn+Fe)/2 (Table 3.7), and more
Fe than Mn values rise above this threshold level (32%
and 14.5% respectively). 1In other words, within the
sphere of the suggested aureole, over 70% of samples
still contain background levels of the trace elements.
Only .a small proportion of samples (5%) from outside
the 6 kilometre aureole contain over 250ppm Fe, and
none of them contain anomalous levels of Mn or (MniFe)/2.
Only a few samples from close to the individual prospects
contained more than 10 ppm zinc. | |
‘A vague suggestion of basal enrichment of the mudbank
conplex is implied by the data on either side of the
anticlinal structure which hosts mineralisation,
except on the very nose of the structure, where peak
values are observed towards the top of the nudbank
(Figure 3.67). More detailed‘stratigraphic distribution
on a local scale, using drill core,'sections‘for'in-
tance, has not been undertaken here. | |
The presence of Mn and Fe enrichments of’apparent
primary aspect (although relatively poorly'developed);
implies that hydrothermal emanation associated with the
}mineralisation supplied trace metals into the mudhank
environment, contradicting a Hercynian age for the
deposits. The significance of this imélication is

discussed further in Chapter 6,
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Percentage anomalous
BALLYVERGIN SAMPLES n .M_“._%_E.E. Mn Te
Proximal samples '
(within 6 km) 63 26,1 14,5 31.9
Distal samples
(beyond 6 km) 44 nil nil 4.5

Table 3.7: Percentage anomalous

samples both near to, and distant from, the

Ballyvergin deposits. Threshold chosen at 250 ppm Mn, Fe or (Mn+Fe)/2.
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3.5,2, Aherlow.

Introduction.

The location of the Aherlow base metal deposit is
shown in Figure 1l.l1. This deposit consists of epi-
éenetic Cu-Ag mineralisation in an E-W trending,
steeply dipping zone of defofmation hosted in sub-
Waulsortian arglllaceous bioclastic limestones (Cameron
and Romer 1970). -There is a strong structural control
on the mineralisation, which is dominated by fine-
grained, disseminated chalcopyrite, bornite and |
- chalcocite, with minor sphalerite, galena and pyrite
péripheral to the copper. The gangue lis calcité -

. dolomite, with lesser amounts of baryte and quartz.

A 25 metre thick chert horizoﬁ is present at the baéef
of the Waulsortian Limestone, 500 metres to the wést of
the sulphide zone, and the mineralisation ls associlated
with extensive recrystallisation, dolomitisétidn and
brecciation of the host rock'sequence.'. |
" Results,

Analytical data from 29 proximal' core samples and 16
'distal' outcrop samples were examined, The core samples
were all obtained from four boreholes (CS C6 Dzl D22) |
all within 1.5 kilometres of the sulphide‘;dne, whereas
-the outcrop samples were collected fromva nunber of
sités, between 5 and 25 kilometres distant,

The proximal samples are enriched in Mn and Fé:cOmpéred
to the distal ones, which generally contain less than

lOO ppm, and Fe 1s more consistently enriched than

L
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Mn (Figure 3.69). In the nearest borehole to the
mineralisation (at approximately 0.8 kilometres), Mn

and Fe both remain above 300 ppm.

Individual (Mn+Fe)/2 values in each borehole do not
.fall below the level of the highest value in' the
distal samples (110 ppm). 1In addition, iron levels
are higher than manganese closer to the mineralisation,
but generally lower in the outcrop samples, as indexed
by the Mn:Fe data (Figure 3.69),
- Zinc is also enriched close to the mineralisation,vin
approximately one halfof the core samples ( Table 3.8),
and remains below ld ppm in all the outcropysamples.‘

Although the lateral extent of'these enrichments cannot
be defined accurately, because of the large gap
in the sample sites (between 2 and 5 kilometres),
anomalous Mn, Fe and Zn contents extend at least 1.5
kilometres from the mineralisation. On top,of‘this,
post-depositional thrusting during Hercynian earth
movements may have shortened some of the original
distances betweén the site of mine;alisatidnfand'p:esent‘

distal outcrop sites.

3.5.3. Courtbrown,

The Pb+Zn prospect at Courtbrown, County Limerick
(Figure 1.1) comprises approximately one million tonnes
of low grade Pb~Zn-Ag mineralisation, hostéd in‘micrites
near the base Bf the Waulsortian MudbankLiméstone.

Semi-massive pyrite, sphalerite and galena are present,

¢
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along with disseminated, vein and stylolitic sulphides

(Grennan 1984), Traces of lead and zinc sulphides are
also present in outcrop and float at Rineanna Point, on
the opposite bank of the Shannon Estuary, some 6 kilo-
metres to the north. Both occurrences of sulphide
ﬁineralisation are associated with nearby developments
of hematitic mudbank limestone or 'red marbla',

Outcrops in the vicinity of both occurrences were
sampled and analeed as part of a wider, regional
sampling programme, and (Mn+Fe)/2 results are displayed
in map form in Figure 3.70. Contoured values inaicate
that elevated levels are present around the mineral~
isation on both sides of the estuary, and for some dis-
tance along strike. |

Six core saﬁples}of mudbank from the Courtbrown
prospect were analysed by M.J. Russell (unpublished-
wbrk) using cold acetic acid diéestion,(Russell 1974),
and contained an average of 425 ppm manganese. ‘ |
Digestion in HCl for‘zihc analyéis indicated that some  w
lhigh Zn values were also present, but possibly associat~-
ed in at least one case, with weak mineralisation in.
stylolites. Although these samples were not avail-
able for feanalysis, extrépolation from&othér daté
indicates that manganeseylevels‘of apbroximately BOOppm  ;
would be attained by hot acetic acid digestion, with =
iron values presumably higher, in.line with the outciop
data.

Of some. significance perhaps in influencing the

considerable lateral extent of enrichments along striké"
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are a number of small, 19th century workings and

trials (for Cu, Pb, Zn) situated within the sub-Reef
inlier to the south of the estuary (Figure 3.70).

These are more central to the anomalous mudbank samples
ond may represent a remnant feeder zone, and idea

which will be pursued in Chapter 6.

3.5.4, Mallow,

Al-Kindi (1979) records restricted Zn, Mn and Hg
enrichmehts in host rocks around the Mallow’Cu—Ag prosf
pect in north County Cork, suggesting them to be eoi-
genetic in origin.

The mineralisation at Mallow consists of a cross=-
| cutting, steeply dipping zone of copper sulphides 1nn
Lower Carboniferous (sub-Reef) strata, and én adjacent
‘silver-rich stratabound zone in transitional 0ld Red
Sandstone sediments ( Wilbur and Royale 1975, Wilbuf and
Carter 1984). |

Samples collected by Al-Kindi'(gE cit) were réanalyéed
- along with further outcrop samples collected from |
surrounding areas, undertaken as part of a,régional
study. - Contoured results of (Mn+Fe)/2 outline a
possible very weak anomaly centred close to the Mallow =
deposit (Figure 3.71). Some doubt is cast on this,
however, by the fact that one crucial sample site of
Al-Kindi's relies on probable not-in-situ material,
apparently lying within the boundary of sub~Wauléortian

limestones., It would therefore seem that, on thé'basis

(v.. =4
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of the data illustrated here, the Mallow base metal
prospect is not accompanied by significant enrich-
ments of Mn or Fe in the surrounding mudbank limestones.
Virtualiy all the samples yielded background lavels

bf Zn, only two of those analysed contained more than

10 ppm of the element.

.
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3.6.1 Summary.

Analysis of pure, unaltered Waulsortian Mudbank Lime-
stones from around known base metal deposits hosted in
the same, or nearby older or equivalent rocks, indicat-
‘es that elevated levels of Mn, Fe and Zn accompany them.,

The base metal deposit at Tynagh is surrounded by a

pronounced Mn and Fe aureole to at least 6 kilometres
distant, with elevated Zn (and Sr) values to about
\5 kilometres.

Enriched Mn, Fe and Zn levels are present within at
least 3 kilometres of the Silvermines deposits, although
further elevated levels of these three elements en-
countered some distance away may be associated with a
separate exhalative centre somewhere to the east of
Nenagh.

The Ballinalack deposit is associated with elevated
levels of Mn, Fe (and some 2n) up'to perhaps 5 kilo-
metres distant. |
~ The deposits at Keel, Moate and Mdyvore are associatedv‘
with subtle increases of Mn and Fe locally, although |
Zn remains essentially‘at background levels in unminer-
alised limestones.

-Although apparently epigenetic 1n‘style, the depoSits
of thé Ballyvergin area are also surrounded by a 6
kilometre~-wide zone of weak primary enrichments, witﬁ
more locally enriched zinc. |

Deposits at Aherlow and Courtbrown are both associaﬁed
vwith elevated Mn, Fe (andVZn) 1évels, decreasing out~
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wards, extending to at least 1.5 kilometres at Aherlow,
and considerably further (over 5 kilometres along strike)
at Courtbrown,

Only at Mallow, are surrounding host rocks apparently
free of primary trace element enrichments.

Threshold levels vary slightly between each area, but
are of the order of 200 to 250 ppm for Mn and Fe, and

10 ppm for Zn.




CHAPTER FOUR - CORE GEOCHEMISTRY,

4.1,1. Introduction.

Sampling of drill core from Silvermines, Ballinalack
and Keel was undertaken to complement the relatively
scarce surface outcrop around the deposits, when

examining lateral dispersion patterns, as outlined

in Chapter 3. It was also undertaken to provide a
stratigraphic profile of trace element patterns within
the Waulsortian Mudbank Limestone, its equivalents
and immediate stratigraphic neighbours. This vertical
profiling introduces a third dimension, representing
the passage of time during sedimentary and hydrothermal
processes, provided of course, that post-depositional
geochemical redistribution was negligible. |

In this'chapter, the results of these stratigraphic

profiles are presented separately for each of the

three deposits.

-4.2.1, Silvermines Hanging Wall.

Initially at Silvérmines; samples were‘coliected from ;
the ore horizon andlateral equivalents, later supple-
mented by samples from varying intervals (from less
than 1 metre to over 50 metres) throughout the :emainder
of the mudbank’sequence. ‘Inktotal; 58 holesbwere sampléd,:
and their locatibns are éhown in'Figure 4.1 .Hoiés |
‘were selected to‘allow a good three dimensional coverage
of the mine érea beyond, limited by availabiliﬁy and |

condition of core.
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At Silvermines, the dominant Waulsortian equivalent
lithologies are dolomite and limestone breccias, with
varying degrees of recrystallisation and argillaceous
impurity, in which fine-grained pyrite is fairly
.ubiquitous, forming a vague envelope above and around
the stratiform sulphide (Graham 1970). H

During sampling of core, unlike regional outcrop
sampling, visible impurities such as fine~grained
pyrite, argillaceous mud or stylolites (both of which
are often ricﬁ in-fine grained sulphides) and dolomite,
are virtually unavoidable because of their pervasive |
nature, However, it should be stressed here that no
vogh, veinlet or other abvious secondary material'was',]
taken., ' Siderite formed part of the sample.mediumtin,
several of the holes close of the deposit (V1, 8139,
B141). o

Samples from each hole were analysed for‘Mn;iFe;‘zn e e

and Mg,’end the results drawn'as vertical‘geoohemicalf‘
| proflles. Some sections allow-a fairly complete |
profile of the Waulsortian equivalent formation, whereui,
as others examine only a small part of it, for example,t
from the ore horizon into the underlying footwall

Stromatactis Reef Limestone. Profiles of the Muddy

Reef Limestone are examined separately in the following}; 5

section (4.2.2. )
Of the vertical sections examined, those from which 20
or more.samples were taken are displayed in Figures ‘

4.2 to 4.8. Those with between 5 and 20 samplesvaref~
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Figure 4.6: Vertical geochemical profile of borehole B 144 at Silvermines, Solid lines join
mid-points between each sample. Note log scales for (Mn+Fe)/2 and Mn:Fe, Horizontal dashed
line represents base of Waulsortian equivalent. For key see Figure 4.3.
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displayed in Appendix II. Each profile includes a
simplified geological log to allow visual correlation
between 1ithblogy and trace element content. Each
_diagram shows { Mn+Fe) /2 content of core samples, as both
Mn and Fe behave in a roughly similar manner in the

Reef equivalent formation. Alongside this, the ratio
Mn:Fe is displayed, as subtle variation in their be-
%jhaviour?ﬁéy:otherwise escape detection. Both are plotﬁed
:xon a 1og$rithmic scale.

Zine and magnesium are also displayed, the latter to
allow the influence of dolomite content on cher trace
element behaviour to be monitored. The presence ofv
visible mineralisation in the core is also portrayed,
‘Combination of all the vertical profile data from the
hanging wall onto a single diagram for each elément;
using the top of the ore horizon as a datum level,
allows determination of the overall vertical extént
of elevated Mn, Fe and Zn values. This is done in
Figures 4.9 to 4.12, usiﬁg (Mn+Fe) /2, Mn:Fe and Zn
values from all the hanging wall core samples.
After»examining each of the diagrams, the behaviour',
of each element can be summarised as follows:

(Mn+Fe)/2: This peaks in the ore horiéon, especiallyjif
siderite is present, where values may exceed 10000 ppm,
and drops steadily upwards into the hanging wall.
Values‘above‘zoo ppm are recorded up to 120 metréé“
(400 ft.) ahove the top of the ore horizon, However, .

low values, below 200 ppm, are recorded throughout much

B
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of the hanging wall sequence, to within 15 metres

(50 ft.) of the top of the ore horizon. The influence
of Mg is fairly obvious, and where levels are high,

Mn and Fe are seen to increase also. The median value
.of (Mn+Fe) /2 in all hanging wall samples is 582 ppm,
but 740 ppm in dolomites and only 240 ppm in lime~
stones (Table 4.1). |

Note here that the locations of the boreholes sampled
range from within the orebody to almost three kilo-
metres distant (Figure 4.1). The majority of samples
with low values of (Mn+Fe)/2 (helow 200 ppm) within
60 metres (200 ft.5 vertically of the ore horizon,
ofiginate from over one kilometre from the mine. Like~
wise, only beyond two kilometres, do dolomitic samplés
appear to contain less than 400 ppm (Mn#Fe)/2.

‘Mn:Fe: This mirrors the distribution of (Mn+Fe)/2, i.e.
the ratio drops when (Mn+Fe)/2 is high, reflecting
much higher levels of Fe than Mn. Mn:Fe tends to
remain low, below 0.40, in ore horizon samples, and
rises to approximately equal proportions over 30 metres
(100 ft.) above.

Zinc: As would be expected, Zn peaks within the ore
horizon and drops towards background levels upwards into
the hanging wall. Values over 10 ppm are recorded up |
to 90 metres (300 ft.) above the ore horizon, with less
obvious preferential enrichment of dolomitic samples
than is.the case for Mn and Fe. Background values of
below 10 ppm are recorded throughout the hanging wall
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Median values (Mn+Fe)/2 (ppm) | All sampies Limestone Dolomite
(n in brackets) (<27 Mg) (>2% Mg)
All Hanging Wall 582 (161) 240 (&47) 740 (114)

Upper
Hanging Wall over 30 m 450 (78) 170 (26) 570 (52)
Lower
Hanging Wall below 30 m 1250  (83) 350 (21) (2000 (62)
Median Values zinc (ppm) A.A. X.R.F. A.A./X.R.FJ
(n in brackets)  ratio
All core samples 38 (426) 88 (150) 0.43
Outcrop samples (5.4) (291) 12.5 (48) 0.43
Core and Outcrop 14 (717) 48 (198) 0.29
Core: |
All Hanging Wall 24 (164) 50 (81) 0.48
Upper Hanging Wall (>30m)| (5.8) (76) 18 (58) 0.32
Lower Hanging Wall (<30m)| 50  (88) (75) (23) (0.67)
Hole 77.36.1(@ 2.5 km)  |(5.4) (41) 25 (11 0.22

Table 4.1: Median (Mn+Fe)/2 and Zn values in Outcrdp ahd core samples

from Silvermines area (n = number of samples).



right down to the top of the ore horizon, both close
to, and distant from the orebody. Median Zn values
are 24 ppm in all hanging wall samples, but only

5.4 ppm in hanging wall samples from over 30 metres
‘(lOO ft.) above the ore horizon (Table 4.1).

Lead: Lead levels in the core appear to closely follow
those of zinc, as illustrated by Figure'4.8, which
portrays the total (from X.R.F. analysis) Pb and Zn
levels in Borehole B 139, This shows how the two
elements fall off more rapidly below the ore horizon
into the footwall (within 7 metres or less), than into
the hanging wall, possibly reflecting either’pronounced
differences in the rate of base metal supply, or in the
rate of sediment accumulation.

Magnesium: The Mg content reflects directly the amount
of dolomiterin the sample, and varies from below 1% in
pure mudbank sampies to over 12%'ﬁaximum in the hanging
wall dolomites. Footwall samples contain more con-
sistent, relatively low levels, generally below~1%;

These vertical traceelement préfilés are summarised
further and compared in Figure 4.12, where the mid
point of each 15 metre (50 ft.) average’(from Figures
4,9 to 4.11) is joined to portray the overall ﬁanging
wall Mn, Fe and Zn behaviour. From this it can be .
stated that, within 30 metres (100 ft.) of the top of
the ore horizon, (Mn+Fe) /2 content‘averageé over 1000:“
ppm, with Fe higher than Mn, and Zn content averages-

over 100 ppm.

30
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Footwall Stromatactis Reef Limestone.

The trace element content of Waulsortianllimestones
from stratigraphically below the ore horizon (the
footwall Stromatactis Reef Limestone of Taylor and
.Andrew (1978)) was also examined separately, in
approximately 50 samples from 9 holes. These mudbanks
are up to at least 30 metres thick in piaces, around
the periphery of the main stratiform ore zones, which
post-date them.

Vertical profiles of (Mn+Fe)/2 content and Mn:Fe ratio
of these samples is shown in Figure 4.13, using the
base of the ore horizon as a datum level, each line
fepresenting the trend from a singie borehole., Overall
patterns are suggestive of an upward decrease in |

(Mn+Fe) /2 towards the ore horizon, paralleled by an
increase in Mn:Fe, except in the top 6 metres (20ft.),
where the two trends may be reversed.

Zinc shows erratic enrichments in the upper half of the

footwall mudbanké.

4.2,2. Silvermines Footwall Profiles.

Vertical profiles of the immediate footwall sediments,
éimilar to the profiles of the hanging wall, were
examined to investigate any trace element evidence for
ear;ier stages of evolution of the hydrothermal system.
Six boreholes were profiled from the base of the ore
horizon .downwards to varying depths, each of the

holes chosen containing negligible or non- existant
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footwall Stromatactis Reef Limestone developments
between the ore horizon base and the top of the Muddy
Reef.

Holes V1 and B 139 are situated in the depths of the
h Zone hollow, at the northern margin of the economic
mineralisation; holes Ml, B8 and B¢ are situated on
the southern margin of the B Zone hollow, progressively
further onto the flanks of the Silvermines Basin; and
hole 76/3 1s situated approximately two kilometres to
the east of the B Zone, still on the margin of the
Silvermines Basin (figure 4.1).

A vertical profilé through almost 300 metres (1000 ft.)
of strata in borehole 76/3 allows a general insight into .
large scale patterns in both the hanging wall and |
footwall (Figufe 4.14), particularly since no secondary
dolomite (Lower Dolomite) is developed in this hole;
unlike those from the mine area. In 76/3, the hanging
wall enrichments are less well pronounced, because of
the distance’(ovér 2 kiiometres) from the centre of
mineralisation. However, a large peak}is present 1n
the immediate footwall, with values rising to over
1500 ppm. ' This peak is apnroximately 30 metres (100
ft.) thick, and correspondswithgthe 1ntersection of the‘ :
Muddy Reef Limestone, values falling back down to |
éround 300 ppm in the underlying Muddy Limestoné;‘
Although Fe shows close similarities to Mn in the hang~ 
ing wall part of the sequence, comparable with other

borehole profiles in the mine area, a much broader.
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peak, some 120 metres (400 ft.) thick, is observed
in the footwall sediments down to almost 270 metres
(900 ft.) depth. Values.in this zone of enrichment
rise to over twice the level of the highest hanging
wall or ore horizon values, at over 6000 ppm Fe.
Partly as a result of this, Mn:Fe levels are very low
in the footwall, between 0.1 and O.OSFthroughout much
of the Muddy Limestone, and rise towards 1.0 in the
hanging wall, in line with elsewhere in the mine area.
Magnesium and zinc levels are low, and consistent‘
throughout the footwall sediments, Mg at less than 1%
and Zn below 20 ppm, right down to the hase of the
MuddytLimestone. Both‘elements peak in the lowermost
45 metres (130 ft.) of the hanging wall breccias,
corresponding to the ore horizon and immediately over~e'

lying sediments.

More detailed profiles of the top 30 metres of the‘M&ddy i

Reef Limestone, immediately below the ore horizon, in

all six holes sampled, are displayed 1n Appendix II,

Figures A ll 15, These show Mn, Fe Mn Fe and Mg, withfe,

Mn and Fe drawn on 1og scales.p Manganese and iron are" 
graphed»separately because their behaviour is more;ipf,s
independant of one another than in the hanging walle'5 :
sequence;" | ‘} |

For comparison, each of the six profiles is super~
imposed onto a single graph for each element in Figurest‘ﬂ
4,15 and 4.16. 1In an attempt to simplify mattersp

further, aﬁdygive an overall picture of footwall trace
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element patterns, data from each 1.5 metre (5 ft.)
interval below the ore horizon base is averaged. and
represented by a single line in Figures 4.18 and 4.19,
The thickness of the Muddy Reef varies from one hole
‘to another, and considerable lithological variation.
exists over the top metre or so into the base of the
ore horizon, expressed by variable amounts of chert,
green shale, siderite, sulphide and Stromatactis
Reef Limestone. Because of this, direct comparisons
between the top few metres of each hole are more
difficult, and the behaviour of each element elsewhere
in the footwall can be summarised as follows:

' Manganese and iron: The behaviour of Mn and Fe may

reveal some useful information about conditions pre-
vailing during pre-ore phase sedimentation. Absolute
values of the two elements do not appear to relate to
any obvious control such.aS‘distance from the hydro-
thermal centre or supposed depth in the local basin,
Very high values of Fe (and Mn), at more than 10000 ppm,
are associlated with the presence of siderite in three |
holes (V1,B8, B139) at, or very near to the top of the
Muddy Reef. The overall trend is for Mn to increase
and Fe to decrease upwards towards the base of the ore
horizon, except over the top three metres or so, where
Fe also appears to increase erratically in several of
the holes (e.g. B8, V1). This pattern is reflected in_
average Mn:Fe :atio, which shows a steady Increase

from around 0.05 to 0.5 upwards through the Muddy Reef.
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Zinc: Zinc generally remains below 20 ppm throughout
the footwall rocks, except for the top 6 metres (20 ft.),
where higher values are recorded. 1In Figure 4.19, the
average Zn values increase steadily in this zone, from
below 20 ppm to over 100 ppm in the immediate footwall
to the ore horizon. 2inc values show a slight increase
towards the top of the Muddy Reef even over 2 kilometres
from the hydrothermal centre, in hole 76/3 (Pigure 4.16,
also Figure A.lS, Appendix II). Occasional single spot
highs of Zn are recorded deeper down in one hole
(B8, around 110 metres, 360 to 380 ft.). _ ,

Magnesium: In all six vertical profiles, Mg remains
belowbl% throughout the Muddy Reef, andonly inereasee ln‘
the top metre or so in several holes,’onlapproaceingf
the base of the dolemite breccia of the ore horizon.r,
Figure 4. 19 indicates that average values actually
increase slightly downwards from 0.4% at 6 metres
(20 ft.) to 0.6% at 18 metres‘(SO ft.) and below. =
‘Strontium:'Eighteen‘x R.F. analyses for Sr in the
footwall samples from two holes close to the B Zone
| mineralisation (Bl39 Vl), indicate a steady drop
in level upwards,‘frem over 500 ppm 11 metres,(BS,ft.):e
below, to around 200‘ppm‘immediately below,tﬁe\cie |
horizon (Figure 4.17). |

©4.2.3. ' Silvermines X.R.F. Data.
Xeray Eluereseence_dateffor‘Mn;,Ee,‘Zn, Pb, Ba, Sr,llls

CaCO,4, Mg, 8102,7A1203”and chvinksix'borehgles_was7ki,“_
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examined to allow comparison between individual elements
and between A.A. and X.R.F. data for the four elements
Mn, Fe, Zn and Mg. The locations of the six boreholes
sampleé, along with the main geological features of
the Silvermines deposits, are given on Figure 4.20.'
Figures 4.21 to 4.24 summarise the vertical profiles
of each of the elements on X.R.F., and allow a number |
of particular_element associations to become apparent,
linked in mineral phases or related minerals.
Good visual correlation exists between Zn,be and Bé,
through their presence in sulphide and sulphate phases,
in or near the mineralised horizon; Likewise, Al.O

, 273!
510, and K20 behave in similar fashion, linked via the

2

presence of clay mineral impuritiés in the carbonates.
Only in_the presence of chert do they appear to show
any independance (e.g. Bl44 @ 210-220m (700-750ft.)).
Manganese and iron are linked mainly through théir e
presence in carbonates, especially ddlomite;

Calcium and magﬁesium show strongly .contrasting
behaviour, reflecting the varying proportions ofv :
calcite and dolomite, 6ne substituting directiy for.,
the oﬁher, except to some degree in very argillaceous
sediments (e.g. footwall Muddy Reef Limestone, Figure
4.23b), where mud content replaces a significant pro-
portion of both carbonates.

Comparison between A.A. and X.R.F. analyses from the
same Samples was made by examining the ratio between the

two, for each individual element, e.g. Mn{A.A.) t
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Figure 4.21: Vertical geochem1ca1 profile of X.R.F, data from borehole 77// at Silvermlnes.
‘Lines join mid-points between adjacent samplea. Data in ppm except where indxcated. For key
see Fxgure 4.3.
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Figgre 4.22: Vertxcal geochemical profile of X.R.F, data from borehole V20 at Silvetmines.
Lines join mid-points between adjacent aamplea. Data in ppu exceyt wherc indicated. For key

see Figure 4. 3.:
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Mn(X.R.F.). This follows the assumption that the
X.R.F, analysis represents the total content in the
rock, and the A.A. analysis the acid-soluble portion.
This ratio is not consistent between samples, and
varies from 1 (where both results are the same) to
less than 0.2. The former case indicated that com-
plete leaching of the element in question has taken
place during dissolution, whereas the latter case
indicated that most of the element is associated with
some relatively insoluble phase (e.g. Fe with pyrite).
The main controlling variables appear to be total
carbonate content, proportion of dolomite and the pro-
portion of insoluble material (clay minerals and
sulphide in particular).

In each of the sections examined (Figures 4.25 to 4.30),
the ratio of each element between A.A. and X.R.F. anal-
ysis is portrayed as rMn, rFe and rMg. Recorded levels
of Mg are also presented to allow comparison with
absdlute dolomite content; (Mn+Fé)/2 to allow compariéoh‘
‘with absolute levels of Mn and Fe, and Si°2+A12°3 to
give an approximate index for clay mineral céntent,

Zinc is not examined because of its dominant associaté
ion with the sulphide phase, iny weakly leached by
- the hot acid dissolution technique (see Chapter‘Twé);
| No single, clear patterns emerge from these compar-
isons as often two, or all three of the potential
controlling(variablés are closely related. For’instance;

increased Mg content is usually accompanied by parallel

98
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increases in clay content (Sioz+A1203) and (Mn+Fe) /2.

The ratio rMn is high, almost one, in most limestone
samples, and drops when the dolomite and/or clay
content increases. The behaviour of iron is similar,
'but more erratic, probably hecause of minor pyrite
content in some samples. Although the pyrite content
is not indexed, its presence is generally signified
by a drop in rFe.

The ratio ng remains high in the mejority of samples,
both limestone and dolomite, and only drops significant-
ly in the footwall Muddy Reef and Stromatactis Reef
Limestones.

"Possible differences between the average rMn value in
each hole (and for outcrop samples), indicating a
gradual decrease in acid-soluble manganese close to
the mine (Figure 4.31) may reflect the overall increase
in dolomite and mud content in this direction, whether
from primary or other sources. Iroh dbes not appear
to behave in the same way, however, |

The significance of this apparent lateral varietion'ih
acid~-soluble Mn is considered further in Chapter 6, and’
statistical correlation between 'the X.R.F. and A.A.

data is undertaken in Chapter 5,
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4.3.1. Ballinalack.

For comparison with the Silvermines data, a number
of boreholes at Ballinalack were examined to invest-
lgate the vertical distribution of Mn, Fe, Zn and Mg
.within the host mudbanks. Sodium was also investigated
in this instance. The location of eath borehole
sampled is given in Figure 4.32.

Nine vertical profiles with 5 or more sample points at
irreqular intervals throughout the Waulsortian Mud-
bank and .immediately enclosing limestones, are
displayed in Figures 4.33 to 4.35. Thesg also represent
a crude section from north to south. Manganese and
ifon data for two short east-west sections are also
shown (figure 4.36).

No obvious pattern emerges in the vertical distribution
of Mn and Fe,'in contrast to the Silvermines data:

1) there is no obvious basal enrichment, except
perhaps in boreholes B83, B89 and B51;

2) there is no apparent direct link between the trace
element enrichments and mineralisation, which are both
irregularly distributed throughout the mudbank;

3) there is no apparent N-S trend , except for the
lower 1eveis at the southern end, in BN80/1, which is
relatively distal to the mineralisation (Figure 4.32)3

4) higher levels, particularly of-Fe, are associéted
with 'off-reef' and the enclosing bioclastic lime-
stones,.represented on the,seétions by unfilled barsg

5) magnesium is consistently 1ow; below‘l%‘throﬁghout,

S
ey
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the mudbank, and no regular patterns emerge from the
Zn or Na data. Considerably reduced Na content is
observed in the one sample with over 1% Mg (B51l @
870 ft.).

4,4.1, Keel.

Also for comparison with the Silvermines and nearby
Ballinalack deposits, 18 holes around the Keel deposit
were profiled with saméles at irreqular intervals
(either split, whole core, or chip samples), represent-
ing given lengths of core, from less than one metre to
over 50 metres. The location of the boreholes
sampled is given in Figure 4.37, with LF9 and K72
closest to the stratiform mineralisation (LF9 coin-
cident with the baryte zone), and K162 to K164, LF1l8
and K135 to K136 most distant. |

The analytical results for (Mn+Fe)/2, Mn:Fe are Mg are
displayed in Figures 4.38 to 4.43, with whole samples
shown as single lines, chip samples as bars, and
dolomitic or Reef Equivalent horizons unshaded.

Zinc values, alfhough not illustrated, are eonsist%
ently low, below 10 ppm, except in the two proximal
holes (LF9 and K72), where values above 20 p?m are
recorded in four samples.

Magnesium is generally low, below 1% throughout thek:
mudbank samples, except in a few holes (LF43 where a
thick dolomite zone is present, K135, K136, K137)

In the (Mn+Fe)/2 data, there is a vague suggestion of

basal enrichment of the mudbank in several holes,

101
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(LF9, LF18, LF31, LF43 and K162), agreeing with the
results of outcrop sampling (Chapter 3.4.3). This
pattern is not very strongly developed compared to
Silvermines, and in the majority of boreholes examined,
.no regular pattern emerges.

The ratio Mn:Fe is generally low (around 0.5), except
in LF43, inconsistently in LF9, and rarely elsewhere,

where values greater than one are recorded.

4.5.1.  Summary.

Examination 6f drill core geochemical profiles at
Silvermines reveals a number of trace element patterns
which may relate to hydrothermal processes that
formed the stratiform orebody.

At Silvermines, Mn, Fe and Zn are enriched in the
Waulsortian equivalent formation and underlying Muddy |
Reef Limestone. Peak values are recorded at the base
of the Dolomite Breccia, the same horizon as the-
stratiform ore, and average levels decrease away from
iﬁ, ahbove and below.

In the'hanging wall, enriched . (Mn+Fe)/2 values are
recorded up to 105 metres (350 ft.)‘above“the top of
the ore horizon, especially associated with dolomite .
breccia .samples, but background values of below.ZOOppm
are recorded from 15 metres above, increaSing in
frequency upwards. | | |

Zinc levels fall off steadily above the ore horizon,

Enriched values are recorded up to over 90 metres

b
Lol



(300 ft.) above the top of the ore horizon, but back-
ground values of 10 ppm or less are also recorded
throughout the hanging wall, right down to the ore
horizon.

The ratio Mn:Fe is low, 0.5 or less, within the ore
horizon, and up to 20 metres above, and increasing
upwards, averaging l.O'or more beyond 30 metres (100ft.)
from the ore horizon top.

Footwall enrichments are present, but have not been
fully delineated in the mine area. An extensive Fe
(and less extensive Mn) anomaly is developed in the
Muddy Reef Limestone and part of the underlying Muddy
Limestone, at a distance of over 2 kilometres from the
mine, in the only large scale; undolomitised footwail

intersection examined. More detailed profiling of the immediate

footwall (Muddy Reef Limeskone) around the mine indicated that Mn
and Fe are both high in the 30 metres or so benﬁath the base of the
ore horizon, but only Mn increases upwards, ﬁhQreas Fe decreases

upwards,, reflected in a steady upward.increase in Mn:Fe ratio,

from less than 0.1 at 30 metre§ below the base, to
0.5 immediately below the ore horizon. This reflects
the changing bottom conditions during sedimentation
(see Chapter Six). B

Enriched zinc is present ohly‘in the topmost 6 metfes
(20 ft.) of the footwall, where Mn and Fe levels |
become very erratically distributed. Strontium vélues
also show a pronounced upwards decrease in the top

10 metres of the footwall, from 500 ppm or more, to



around 200 ppm at the base of the ore horizon.

Examination of X.R.F. data from the same samples
indicates the close relationship between high absolute
trace element levels, high insoluble trace element
.levelé, dolomite content and clay mineral impurities in
the host carbonates.

At Ballinalack ahd Keel, examination of vertical
profiles of trace element data indicates that no real
comparison with Silvermines exists, with only vague
suggestions of basal enrichment of mudbank limestones
at Keel,

Apart from the coincidence of trace element enrich-
ments with mineralisation in the mudbanks at Ballinalack
‘no obvious direct link between the latter, and the L

patterns exhibited by the former has emerged.



CHAPTER FIVE - SAMPLE COMPOSITION AND INHOMOGENEITY.

5.1.1. Introduction.

In the prévious chapter, comparison of A.A. and
X.R.F. data indicated the effect that visible insoluble
‘material may have on trace element geochemistry. 1In
this chapter, several aspects of sample composition
and inhomogeneity are examined which may effect geo-
chemical analysis or interpretation.

Firstly, simple correlation of A.A. and X.R.F., data
from Silvermines is undertaken to investigate individual
and group element associations. This is followed by
a comparison of selective and non-selective sampling
énd dissolution techniques on material from Silver-
mines and Keel.

The results of simple separation techniques are then
described from distinctly inhomogeneous core and
outérOp samples from the Ballinalack area, to compare
visual compositional heterogeneities with geochemical
contrasts.

Finally, this examination is carried a step furﬁﬁer by
investigation of the heterogeneous character of samples
on a micro-scale, by profiling a number of polished
thin sections from Silvermines and Keel on the electron

microprobe.

5.2,1. Correlation of Trace Element Data,

In Chapter 4, vertlcal profiles of A.A. and X.R,F, data

from Silvermines drill core indicated‘that'certaih



elements appear to vary directly with one another,
whereas others show an inverse variation. With the
aid of EMAS (EdinburghUniversity Central Computer
Link), a simple correlation matrix was drawn up using
.a limited set of A.A., and X.R.F. data drom both out-
crop and drill core from the Silvermines area. This
allows any links between the elements to be quantified,
and the results, along with average values for each
element, are presented in Tables 5.1 to 5.3. Outcrop
and core data are presented separately because of their.
significantly different composition, the latter all
from within 3 kilometres of the mine representing

'proximal' samples, and the former (mostly from
sites some distance away) as a crude representation‘
of 'distal' samples.

Some useful information on trace elementrassociationS'
and behaviour during sample digestion can be gleaned
from the correlation matrices. |

Not surprisingly, the highest positive correlation |
values occur between analyses for the Same'element on :'
A.A. and X.R.F. (Table 5.3c). High values are also
recorded betweén Sioz, KZO’ A1203 and Rb, and between
Zn and Pb., A strong negative correlation is observed
between Mg and Ca. e

In compéring A.A. and X.R.F. data for Mn, Fe; Zh and
Mg, Fe shows a much poorer correlation between the two 2
methods, in both outcrop and core samples (Taﬁiev5;3c), 

’than the other three elements. This reflects the



A.A. AA. A.A, AA.

Mo Mn Fe Fe, 0, Zn 2Zn Mg Mg Ba Pb Sr Rb §i0., Al.O. K.O CaCO

277273 2 3
AAe Mn . <98 .83 57 .49 W41 W35 .35 .38 .49 ~,13 .06 .10 .1B .23 ~.53

Mn . + . «B5 .55 .51 .42 .62 42 .33 48 ~.18 .06 L1l .19 .25 ~.58
A.A. Fe . . o A2 A9 WAL L22 .24 .31 W40 ~010 LEL .09 1B L7 .40

Fe203 . . . . 49 W44 .22 .20 .27 .48 ~-.24 .03 .02 L1719 -.82

AA, ZIn e e e e e W87 136 .26 .02 .70 =19 =01 ~.02 .10 .32 =.40
Zn v e e e .31.22 .07 .72 =21 =.05 =03 .03 .24 =.34
A e v e e e u99 Wbl .23 =21 .09 .04 .19 .43 -.83
Mg S e e e e e I L2026 14 L1318 .39 -84
Ba s e e o 0 L3633 =.03 =00 .09 .09 =20
P . . . » . . . } . o =18 =09 =03 .06 .07 =37
Sr . . . . . . . . . . o« 1l 3 .06 -.04 .23
Rb O VY T I § IO ¥

Sioz . . . . » . » L} ’ » * . . i57 -29 "040
51203 4 . . . ' . . v r . . . . WY mb
KZO . » . . . . . v . . Te . e ' s =50 :

CaCOs . . . . . . . . . . . . . . ] .

Table 5.1: Correlation matrix for analytical data in 202 core samples from Silvermines
area, All analyses by X.R,F, except where indicated.

A AA, A, WY

Mo Mn. Fe Fczo3 €n Zn Mg Mg Ea Pb  Sr Rb Sipz AIZOJ xzo c.coa

AA. Mn o #9851 W78 .40 L34 W14 412 -05 W48 .28 00 47 .58 .46 -,36

Moo |a . 49 .80 AT .45 .34 .34 .06 .59 =27 =02 .56 .64 .50 =52
KlAv Fo ] 0 00 75 =003 =,03 W04 .01 415 W17 =16 W19 155 .56 ,65 -,21
Fe0 . . .. 4B L33-.02 .03 .13 .70 =19 30 .82 .B6 .80 -.74
ooz {o o oL . .97 46 .50 0B 71 08 -.10 .47 .37 212 =54
2a Jo e e 4 59 .60 (16 480 =410 =.09 133 L34 .19 -.63
MhoMg Lo oo e 090 W05 3 =10 ~a20 J5h 40 .31 =98
ol e e e 08 f,o:\-.ia 53,39 .29 -8

T At T YRR T ST A SEPE R

L S S TR B T BN S YRR 1

P PR P T DR RIRaT Q‘zz -30 04
TP PR R O R T
T C e e e 88 80

AL O, - i.’ e . ; . "« e | vt 341  g~i - 287 = 63

: xzo~ . ' '~  P . « e RS '7; ' ~.4§1
; CaCO

3. . » * L + * - » - L . '] L} - L3

Table 5 2: Cortelation matrix fo: analytic;l data in 55 outcrop aampla; frcm' ""
levermines area, All annlysea by X.R.F. excepc where indzcated. s :




OUTCROP CORE

AA. Mo Fe ZIn Mg A.A. Mn Fe Zn Mg
Mn e W51 40 L4 Mu « B3 49 .35
Fe . » =03 .04 Fe . o W49 22
in . . [ ] Zn . . o W34
Mg . . . . Mg . . . .

Table 5.3a: Correlation matrix for A.A. analyses for Mn, Fe, Zn and Mg

in outcrop (55) and core (202) samples from Silvermines area.

QUTCROP CORE
Al n X o range s X o range
Mn 55 186 102 i5 - 578 202 546 St} 15 - 3233

Fe 55 198 232 18 -~ 1298 202 1367 2316 18 = 13433
In 55 14.0 1.7 2~ 78.6 202 83.8 236 0 - 2500
Mgh |54 1.37 2.06 .26 - 10.8 182 3.83 3.95 .26 - 11,50

Table 5.3b: Mean, sﬁandard deviation and‘range of A.A. analyses for Mn, Fe,
Zn and Mg in outcrop and core samples from Silvermines area, Data in Ppum
except where indicated.

AJA. v XRUF, Correlation coefficient
Outcrop Core

M v Mo 0.98 0.8

Fe v  Fe 0775 p.u

Zn v In 0.97 0.97

Mg v Mgt 0.99 0.99

Table 5.3c: COrrélation between A.A. and X.R.F. results for Mn, Fe, Zn
- -and Mg in outcrop (55) and core (202) samples from the Silvermines area.

OUTCKOP SAMPLES CORE SAMPLES
Element| n = 3 ° ungo ‘ a % v ° range
Mo ppm| 55 205 120 13 - 668 202709 7287 15 - 4590
Fe0y B|34 .05 041 .02=.21 | 0,62 1,60 .02 = 10,74
n ppo] 48 24.8 343 1.9 w 180 193 0979 3831 1.9 - 44000
Mg R4S LAI 2041 L16-12.8 | 192 420 .36 .16 - 12.80
Ba ppmfSI 547 67.8  10=368 | 192 186 53 10 = 4k
Pb ppmi{ 55 11.8. 19,2 . 0 = 105 182285 0 1128 "i 0~ sséé
St oppml48 12 42 120-399 | 1sB 169 49 49 - 399
M‘wm27v2&,‘24 09 :n21&5uwu€,ae-su

Si0, 55 °.385 .46 .05-2.36 | 200 1.46  3.62 L0530
MO X|SS I 32 w05 = huse | 202 ouss 1208 - 1
KO Xl48 059 .05 .01-.23 | 160 0 02 Lo ,8
Cacoy %35 96,14 .02 9.4 =99, | 202 8.97  14.86 450 = 39,7

Table 5.4: Mean, standard deviation and range of X.R.F.'analysei intoes
outerop and cors aamples from silvermxnes area. Data in ppm except i
whero 1ndicated atherwxi&.‘,~ : ‘ " LEThe sy
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association between relatively insoluble phases

(such as pyrite, oxides and clay minerals), particularly
near to the mine, in core samples. Although zinc is

almost entirely associated with the relatively in-
‘soluble sulphide phase, weak but consistent leaching
of the element during weak acid attack, accounts for
its good correlation between the two analytical
methods. Both Mn and Mg are principally associated
with the carbonate minerals, explaining the good
correlation between A.A. ahd X.R.F. results.

The association between Sioz, A1203, sz and Rb reflects
the presence of clay mineral (and possibly minor
feldspar) impurities in the carbonates. The slight
reduction in correlability between silica and the
other three elements in core samples 1s caused by the
presegge of chert in‘some hanging wall samples.

et e

~ A comparison between Mn, Fe (Mg, Zn, Ph) and the

‘insoluble‘association"(Sioz, Al.0., K

20537 K,0, Rb)}is
present in the outcrop samples but absent in the core
samples. This suggests that anomaiously high Mn‘and

Fe content (and Mg, 2Zn and Pb) is assoclated with
relatively impure mudbank in the outCrop area, awéyr
from known mineralisation. On the other hand, in thé
mine area, no direct association between trace element
content and insoluble material is implied, or else it is
obscured by overall higher levels of both ccmponénts,

or some.other, stronger control.

- Good positive correlation between Pb and zn in both

2 D ™
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populations, and between Ba and Sr in the core samples,
reflects the coexistence of sphalerite and galena
throughout, and the presence of baryte in the mine
area, respectively.

The strong negative correlation between Mg and Ca is
due to the direct substitution of the latter by the
former in dolomite. The negative correlation which:

Ca displays with all elements except Sr, indicates the
fact that introduction of any other trace element
forvmajor constituent) into the carbonate, occurs

at the expense of Ca, either by direct substitution

in the CaCO3 lattice, or by sulphide or clay mineral
impurities in the rock. Strontium occupies only the

Ca lattice sites'in'carbonates, and avqids the-Mg‘sites,
explainipg‘its parallel‘behaviour with Ca, and negative .
correlatio? with other elements. , ,

- The sign;ficance~of this data is further‘considerea _— 

in Chapter 6.




5.3.1. Non-Selective Sampling and Digestion.

In Chapter 2, the need to be selective in both
sampling technique and sample dissolution was expfessed.
Figures 5.1 to 5.3 illustrate the results of a
.comparison between selective sampling coupled with
partial dissolution (as outlined in Chapter 2) and a
less selective sampling technique (i.e. groove sampling),
coupled with a strong acid digestion.

The material used was a variety of mineralised and
unmineralised, pure and impure mudbank limestone and
equivalent 'off-Reef' carbdnates from the Keel prospect,
in the form of vertical borehole sections.

The 'non-selective' data was from part of a study by
RioFinEx, involving groove sampling ofjentire sectiohs
(in 1 to‘8 metre lengths), and aquaregiavdigestion for
a variety of trace element analyses on A.A. For com-
parison, similar sections of the same drill core were
selectively chip sampled (following the parameters’out-
lined in Chapter 2) and’analysed for the elementern,
Fe, Zn and Mg, following dissolution in weak acid.

Comparisons between the two inéicateithat, except in
the purest of Waulsortian mudbank interséctions, the
non-selective technique provides little more than a
geochemical log of the section which closely matches
the lithological log. 1In particular, the presence of
visible dolpmitic, pyritic or ciay mineral‘impuritiés
(such as mud seams or stylolites) and off-Reef horizonsi'

is highlighted by the Mn and Fe data. The combined - o

| 20
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effect of this is to thickly disgquise any subtle enrich-
ments which may be present in the carbonate fraction.

In Figure 5.la, LF18 is a fairly pure mudbank lime-
stone section, in which comparison hetween the two
.techniques is good, and contrasting patterns are
restricted to the sub~Reef argillaceous limestonss.
Absolute values, however, differ by a factor of 1.3
for Mn and 12.5 for Fe.
Borehole LF31 (Figure 5.1b) is a section of mainly
pure mudbank limestone with some pyritic impurities
and off-reef intércalationé. Significant iron release
is noted for both these intervals in the right hand
éolumn,;leached from the non-carbonate impurities by
the stronger acid digestion. Even sméll, centimetré—
wide pyritic zones can lead to a significant con~
tamination in the analytical result from a larger
6 metre (20 ft.) interval, Slightly‘increaséd occurr-
ence of stylolite zones throughout this secticn{ﬁhich' | {
are sufficieﬁtly far apaft to be avoidéhle in chip:v  G
sampling) has led to higher and more erratic Fe'values s
in the right hand colunn. Even‘in pure mudbank:samples,i,
Fe is higher in the non-selective analyses by‘ah~avera§e‘;
factor of 14.3. Manganese is rélatively ﬁnaffeéted by .
’minor facies‘or dompositional éhanées;‘but is still 
higher in the non-selective analyses’'by 'an average
factor of 1.8, o » :

Section LF9 (Figure 5.2)~¢bntains a mixture of pure

mudbank, impure mudbank, off-reef intervals stylolite

Sk
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Figures 5.18,b: Vertical geochemical profiles of boreholes LFI8 and LF31 ar Keel, in which
analytical results from selective sawpling and weak acid digestion (1) ara compared with
results from non-selective sampling and stvong acid digestion (2), fox both Mn and Fe.
Pure Waulsortian samples are represented by black shading, transitional or pyritic byrl:ripai.
and off-Reef or sub-Reef limestones by unshaded barg.



zones, dolomite, pyrite and hematite. In the non-
selective analyses (Column 2), Mn peaks appear in
several of these zones (especially the dolomite, some
off-reef and pyrite, but rarely in the stylolite
‘zones), where they may or may not be present in the
selective analyses (Column 1l). This indicates}that Mn
is not always associated with the carbouate phase.
Iron‘peaks in Column 2 are associated withvvirtually
all the impure mudbank zones, but are conflned mainlyf
- to the dolomite zones in Column 1. In uearly all of_;
the strong acid digestions of stylolite zones,’off—teef
intervals, dolomite and pyrite zones, higher Fe levels -
‘are accompanied by anomalous values of 2n, Pb,andko‘ |
Ba, although this is not illustrated on the‘diagrams;'
In pure mudbank samples, Fe values are higher by an
average factor of 12,3 and Mn by a factor of 1, 4 in the'
 non-selective analyses (Column 2), compared to the
selective analyses (Column 1) |
Comparison of whole core sampling and selective chlp i';
sampling, using the ‘same analytical technique for} o
’both, also reveals some pitfalls. s

The following experiment was conducted on one Silver« .

mines horehole section (77/1, situated 2.5 kilometres et

to the northeast of the mine) consisting mainly of

relatively pure mudbank limestOne with patchy dolomitmfiiaffx;

‘ isation, stylolite zones and brecciation Lsedimentary)l;i;»a»f

throughout its upper half

Eleven l5-centimetre long samples}of BQ coreewere”'

e p b e
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Figure 5.2: Varticsl geochemical profile of borehole LF9 at Keel, in which imlyt;icai tudiu o
from selective tampl‘ing and weak acid digestion (1) are compared with results from non-gelective '
sampling and strong acid digestion (2), for both Mn and Fe. Pure Waulsortian samples are repre- o
sented by black shadmg, transitional or pyritie Waulsortian by dugoml ntripu, and off-Reef Sl
or lub-Rec£ Limeuonel by unshadad bltl. ?ot key nu Figuu 5, i. ’ : B




collected at intervals of 15 to 30 metres (50 to 100
ft.) throughout the hole, and analysed for Mn, Fe,

zn and Mg, using the hot 2M acetic acid method out-
lined in Chapter 2. Because of the intensity of
‘stylolite formation, it was not possible to avoid them
completely on this scale of sampling. Thirty-cne

chip samples were collected from throughout the same
hole, each representing a 6 to 8 metre (20 to 25 ft.)
section, selectively avoiding any obvious stylolitic,
dolomitic or recrystallised mudbank material. These
were then analysed using the same technique, also for
Mn, Fe, 2Zn and Mg.

Comparison between both sets of results indicated

that vertical profiles are similar but not 1denticéi
(Figure 5.3a), with abSoluté values higher in the
whole core sampleé, especially in the upper half of

the section, where dolomite and stylolite concentrations
are preseht. This increase is expressed as a ratio

in Table 5.5, where the concentration in whole core
anaIYSis is divided by the concentration in chip‘

sample analysis ( for the same sectionrof core, and
avefaged fot the entire section for each element),

‘The whole core values are higher by over 50% than inAd\
the chip sampled core, in the upper‘half of the section
(abdve 550 ft., 165 metres), whereas in the lower:halfﬁ‘ e
of the séction, the ratios are lower for eachﬁeiement,ﬂ
and much closer‘to'one‘(Table 5.5). o

. The upper part of the’secticn cbrresponds to the =

-
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Figure 5.3a: Compatison of whole core (11) and chip samples (31) in A.A. analyais in
borehole 77/1 at Silvermines. This illustrates how whole core Qampling may yield higher
levels of some trace elements, espeually Fe. The ncale of Chlp sampling allows msoluble

Beams to be avoided, unlike in whole core samplmg.
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Figure 5,3b: Comparison of whole core (both ftequent (A) and infrequent (B) sample iuter-
vals) with chip sauples (C).in.borehole K38, using Mn data from AJA. analysis. This shows

how too few whole sample pomts (B) can lead to distortion of vertical geachemcal trends, Sy -
avoxdable by taking relatively few chip aamples of entue core aection (C)‘ s S




Sample Depth Ratio (whole core/chip sample)
Mn Fe Zn Mg
1 105" 0.82 1.54 1.74 0.39
2 200! 2.39 4.40 0.77 3.
3 300 1.01 1.55 0.95 1.38
4 400' 1.66 2.04 0.65 1.47
5 450 1.4 1.89  0.36 - 1.37
6 500" 1d4d 1.60 3.67 0.99
7 550° 3.25 2.58 1.39 0.57
Y5 so0r | 0.6 2.41 04 0.60
9 650" 1.00  0.66  1.41  0.45
10 700! 0.97 1.08 0.38  0.63
11 720° 1.32 2,96 0.40 .. 0.70
Avefage abo§e 550! 1.67 ’ 2,23 1.36 1.33
(Banging wall) | 7 - ‘ R
|Average below 550" | 1.06 1.8 0.3 0.60 |
(Stromatactis Reef)

Table 5.5: Comparxson of analytxcal results from whole core and
. chip samples from equivalent depths in borehole 77/! o expressed
as a ratxo of the former over the latter. Both types éf sample
analysed by atomic absorptxon spentrophatometry. Note the comparisani
’between hanging wall (above 550') and footwall Stromatactxs Reefﬁ

- samples,




hanging wall dolomite breccias of the mine area,
represented by partly dolomitic and stylolitic mud-
bank limestone and some breccia. The lower half
corresponds to the footwall Stromatactis Réef Lime~-
lstone of the mine area, where pure mudbanks pre-
dominate. The implications from this data are several,
and relate to both genetic and analytical aspects of
trace element distribution.

Firstly, a chip sample of a given length of core
represents an 'averaged' sample of that core, effect-
lvely smoothing out small scale irregularities 1n
trace element distribution, caused by sample hetero-
geneity, which may dominate individual whole core
samples. This situation is further illustrated by
Figure 5.3b, which’portrays‘a set of Mn results
6btained from borehole K38 (Silvermines). In this,
four chip samples 6f the top 120 ft.‘of core were co-
lleqted to comparewith 26 whole core samples from the
same section of dolomite breccias. Had only the 5
| samples ?n cOlumn B been collected, a'misleading'vértical,
prpfile would have resulﬁed, yet with only‘4 chip
samples (Column C), a more accurate represe@tatioh;of the
overall pattern is achieved. This illustrates the
way in which insufficient samplé densitybmay create.
distortion or misleading patterns. | -
Secondiy, regarding the nature of the_hanging.Wa11_ 
ca:bonaﬁes, it is possible that the stylolite seams_

concentrate small amounts of dolomite,«whigh”inlturni

’ﬁw
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harbour excess Mn and Fe (as well as possible small
quantities of Zn). Because of this, chip sampling,
which is sufficiently selective to avoid stylolite
material in this case, avoids the problem of

'possible secondary enrichments by post-depositional
processes. This problem does not apply to the majority
of mine host rocks, where the pervasive nature of the
stylolitic dolomite (unavoidably by any hand sampling
method) results in similar analytical levels in both
whole core and chip samples. Instead, interpretation
of results should be made with these implications
borne in mind, and this is undertaken in‘the’following

two chapters.

5.4,1, Sample Separation.

' Two simple techniques of separating different phases
of core and outcrop mudbank samples from Ballinalack
were implemented to compare trace element contents -
of each individual phase with thosé of whole rock
analysis,

Samples from Ballinalack were utilised because of the
striking inhomogeneity of much of the mudbank, whiéﬁ.v
‘consists of a micrite phase and at least one sparry
phase. This iatter constituent may be a stromatactié -
filling, cross=-cutting sparry veins, or-a later, iron~
stained infil in either. These secondary phases are
present over a widef area tban the mineralisation, but

- are probably closely associated with the mineralising

€
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solutions (Jones and Bradfer 1982).

Hand=-picked separations were analysed from samplés.
with fairly coarse inhomogeneity (after initial jaw
crushing to gravel sized chips), whereas hand-held
.dentist-drill separations were performed on more

finely intermixed phases.

5.4.2. Hand Picking.

Comparison was made between micrite phases; secondary
spar (including several generations of vein and
stromatactis filliﬁgs, and darker recrystallised
carbonate) , surface oxidation_products, fossil spar
and whole rock samples. The main sparry’phases-were'
calcitic, with only a few dolomitic samples.

Figure 5.4 compares the analytical results (Mn ahd Fe)
of each micrite phase and corresponding whole rock
analysis from the same sample. This shows that, with
few exceptions, the micrite portion,cohtains less Fe .
and Mn than the whole rock. Therefore, as would*bé“
expected, comparison of the micrite phases with>thei
~various contaninating phases from‘the'éame sanple
(Figure 5.5) shows that thé majoriﬁyxofithe‘latter,
contain higher values, partidularly of iron.
‘Manganese cohtents remain-similar ih some of the
contaminating phases, for example, in recrystallised

portions.
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5.4.3, Dentists Drill.

Use of a hand held dentist drill allows more careful
selection of any single phase, particularly if used
with binocular microscope. This was used with more
‘finely-intermixed heterogeneous phases, such as thinner
veinlets and more intricate stromatactis fillings.

Results are presented in similar fashion to those of
hand-picked samples, in Figures 5.6 and 5.7, and like=-
wise indicate almost an order of magnitude difference
between Mn and/or Fé values of micrite and contaminating
spar phases, |

The significance of this data is that whole rock
énalytical results may depend almost entirely oh the
relative proportions of contaminant to matrix. ‘

Figure 5.8 attempts to quantify the relgtive.
difference in Mn and Fe contents between these phases,
with average increase or decrease in'concentrations’
expressed as a percentage for each element, This
indicates greater distortion of whole rock analysis.
for‘Mn than Fe (relative torthe value recorded in the'?
micrite phase alone), even though sparry phases appear

to contain relatively higher levels of Fe than Mn.

|
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5.5.1. Electron Microprobe Profiles.

Electron microprobe analyses of polished sections
of host rock carbonates from Silvermines and Keel
were undertaken to examine the inhomogeneity of the
‘samples on a micro-scale, and also in an attempt to
determine the location of ‘respective trace element
sites within the individual phases of the rock.

Trace element content was investigated by linear
arrays of spot analyses‘to‘construct geochehical '
traverses of each sample, broken up into its represent=-
ative components.'A

Analyses were undertaken at the Grant Institute of
Geology, University of Edinburgh, and machine operating :
conditions are given in Apnendix III.

Manganese and iron contents were investigated in all

samples, and in the majority of samples, Mg, Ca, Si,

Al, Sr, Ba and Zn were also analysed. In general, Si, = -

Al, Sr,vBa and 2n rémained below the 1imit_of.déteot-
ion, and significaﬁt levels were reoorded only.ih _"
stylolite seams and muddier zones of fine grained
dolomitic matrix,

Results for Mn and Fe are displayed diagrammatically
in Figures 5 9b—p, with Mg content disolayad crudely

in the ornamentation, whether the sample is dolomitic

(over 3% Mglor calcitic. The sections illustrated are o

~all simplified reconstructions of thevoriginal*section*:57*3

ed sample,~ ~showing only the relevant and 1mportant

.features of each, with respect to the individual




component phases.

The manganese and iron data reinforce the observation
from other work in this chapter, that considerable
heterogeneity exists within the samples.

After examining each section, it can be stated
generally that dolomite matrix contains much higher Fe
levels than Mn, whereas limestone contains lower.
absolute levels of both elements, but slightly more.

Mn than Fe. Comparative levels of these two elements
in secondary phases, especially veinlets, are much'
more errétic and changeable. An order of magnitude or
more difference frequently exists between the matrix
énd'contaminant phases, with the latter usually
~containing much higher absolute values,

A relative concentration of Fe in stylolite seams is
observed, probably mainly as fine grained vyrite (e;g.
W4-167', 5.0.241, Figures 5.9e,c), whereas Mn is only
rarely concentrated significantly iﬁ stylolite zones.

Certain fossil remains also contain very high
concentrations of Mn and/or Fe, especially bryozoan',
fronds and crinoid central columns(e.g. Figures 5.94,k,
m). 'In addition, trace»element inhomogeneity ié not - -
only confined to different phases within each sample['
but is also present in the matrix of some sampies (e.g;
Figures 5.9c,q9,1). |

The presence of Zn and Ba in the calcite or délomtte‘
lattice sites is not substantiated by this examination,k-

~as they ate}generally present below the detection 1imi£s



of the microprobe (which are not very low), or absent
altogether from these phases. Alternatively, they
may be confined entirely to veryv fine~grained sulphide

or sulphate phases dispersed throughout the matrix.

o
L it




Microprobe traverses - KEY

micrite matrix, cement
” .
dolomite "
] resedimented dolomite grains
stromatactis spar
1 syntaxial cement , ‘reef tufa”

F fossil tests (undifferentiated)
B " », ,bryozoan
" " ,crinoidal

crinoid central ‘pipe

veinlet spar
undifferentiated spar

stylolite dissolution zone v
4 sulphide zone (sid = siderite) ‘ .
.-.'E " «  with carbonate inclusions |

Figure 5.9a: Key for Figures 5.9b - p,
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Figure 5.9b: Electron mctoptobe traverse of aamples LF43 (Keel) and B 147-610'
(Silvermines). For key see Figure 5.9a. :
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Figure 5, 9e: Electron mictoprobe traverse of aample W4-167' (Silvermines).
For key see Figure 5.9a,
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Fxgure 5.9£: Electron mxcroprobo traverne of samplﬂ 3147-605' (Silvetmiﬁel).
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Figure 5.9g: Electron microprobe -traverse of sample V51-490' (Silvermines). For kéy see
Figure 5.9a.
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Figure 5.9h: Electron microprobe traverse of sample V19-800' (Silvermines).
For key see Figure 5.9a. o
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Figure 5.9i: Electron microprobe traverse of sample V19-810' (8ilvermines).,
For key see Figure 5.9a, ‘
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Microprobe Sections

*LF43
B147-610'
S.0.241
B87-100'
W4-167"

B 147-605'
V51=490'
v19-800'

v19-810'

V19-820"

V19-840"

V19-940"

G.G.B.,0

V.0.(D)

*KAL76

*K136-51"

Stromatactis Reef Limestone,

-"Stromatactis Reef Limestone,

Limestone groundmass, geopetal cavity~fill dolomite

~and spar.

'pseudobrecciated’ breccia, trace pyrite, dolomitic.

Red Marble, heavily stylolitic, crinoidal.

Dolomite Breccia, stylolitic, veinlets, murky matrix.
Dolomite Breccia, Fine-g;ained, laminated, graded turbidite,
stylolitic,

Dolomite Breccia, recrystallised, sideritic, argillécéous
matrix |

Dolomite, heavily recrystallised, sideritic, mineralised
breccia, stylolitic
Stromatactis Reef Limestone, wiﬁh dolomitic/sideritic/
mineralised Brecgia |

fibrous calcite, stylolites,
§eiﬁ1ets. |
veihed, stylolitic.
Stromatactis Reef Limestone, part dolomitic, variégatéd;
mineralised

Stromatactis Reef Limestbne. shattered, veinlets, géopetaly
infil,

Basal mudbank - Muddy Reef Limestone transition, very

crinoidal, stylolitic, buff weathered.

‘Dolomite Breccia, sideritic, with pyrite rims. heavily

"recrystallised;

Keel Iron Formétion; laminated, hematitic micrite, with
fine grained pyrite.
Micrite with geopetal infil, sparry dolomite/calcite

infil, minor hydrocarbon.

Note: * denotes Keel sample, all others from SilVerhineé.



5.6.1 Summary.

The data presented in this chapter illustrates the

inhomogeneous nature of much of the host rocks.tovthe
Silvermines deposit, in terms of trace element distri-
‘bution. Apart from the obvious inhomogeneity created

by sacondary calcite or dolomite,and patches of siderite
or sulphide mineralisation, considerable heterogeneity
may be present within individual phases of micritic or
recrystallised matrix. This reinforces the need, as
outlined in Chapter 2, to avoid such visible
secondary contaminants during sampling, something
which may not always be possible in the field, or
indeed with simple hand-picked separation., Very fine
scale intermixing of phases with contrasting geochemistry
may be present, introducing the requirement of some
care in interpretation of absolute trace element levels,
Because of possible matrix inhomogeneity, the use of |
very small samples, e.g. single chips. of mudbank lime~
stone, would be inadvisable, indeed the larger tha
sample the better. Not included in this part cf'the»
study, howevéf, are samples of distal,<rela£ively pure
Waulsortian Mudbénk Limestone. Therefore, these
conclusions onvsample inhomogeneity can-only be tent=
atively applied to distal samplés. |
Simple correlation between‘trace elenment daﬁa from'A.A.
and X.R.F. analyses indicates that ahomalous Mn énd Fe
levels in distal mudbank samples‘are generally éssoéiated i

‘with higher levels of ‘1mpurity~re1atedl constituents,
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whereas in the mine area samples, any direct correlation
between insoluble material and elevated trace element
levels is obscured by other controls.

Use of the electron microprobe is insufficiently
sehsitive to reveal ﬁhe levels of Zn incorporation

into CaCO, (or dolomite), if at al;, and any zinc
recorded in Waulsortian and equivaient carbonates,

is probably present largely as fine-grained sulphide

phases.
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CHAPTER SIX =~ DISCUSSION AND GENETIC IMPLICATIONS.

Part One: Depositional Processes.

6.1.1. Introduction.

Iron and manganese oxide facies may be developed
to a considerable lateral extent around both active
and fossil hydrothermal exhalative centres (e.qg.

Afar Rift, Bonatti et al (1972); Santorini, Whitehead

(1973); 21°N East Pacific Rise, Havmon and Kastner
(1981)), and also arouﬁd some stratiform syngenetic
base metal deposits (e.g. Tynagh, Russell 1975). The
greater areal extent of oxide facies makes their
occurrence of interest to exploration geologists, as
sulphi&e and sulphate deposition is generally restricted
to theévicinity of venting sites. Of greater interest
still, are more laterally extensive, but generally
cryptic, trace element haloes, which may be developed
beyond the oxide facies. The fact that the chemical
haloes are esséntially‘cryptic, means that a method éf’
detecting various trace metals substituting in the
crystal structures (with little or no mineralogical
representation) 1is required.

Lithogeochemistry is defined by Govett and Ni¢holl
(1979) as "the determination of thevchemical‘compdéitidn
of bedrock material with the objeétive 6f detéctiné
distribution patterns that are spatially related to
" mineralisation". Avplication of lithogeOChemistry o
in this study is largely limited to examihation of

simple trace element dispersion patterns around »
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individual centres, essentially without the use of
multivariate statistical techniques to enhance weak
‘anomalies. These patterns provide evidence for p:imary
exhalative origin, and a simple but effective tool

in mineral exploration.

Iron and manganese are generally the two most import-
ant minor element constituents of a hydrothermal fluid
(Table 6.1), and both readily substitute for Ca in £he‘

CaCO, structure in sedimentary carbonate environments.

3
In mildly reducing or oxidising conditions, Fe and Mn .
may precipitate together in the carbonate phases, and
the two elements are most likely to'migraﬁe together;'
and coérecipitate within the limitsyof,their carbonate
e;stabili{y fields (Lepp 1963). ‘Under normal seawafer,»i"
conditions, Mn:Fe ratios are much higher in carbonatei
rocks (average:0;29), compared to most other sedimentary b
&‘rock types (average o. 02) which reflect closely the :v_n
average crustal abundance of Mn and Fe (Lepp op cit).!dé
The data presented invchapters 3 to 5 indicate that<-;fvalfn‘
Mn and Fe enrichments are present in the carbonatef-"
:‘rocks around most (if not all)of the deposits examined‘l“i'f
~in this StUdY-e This chanter is concerned with evaluatefifffd
‘;ing what information the trace element patterns | o Sy
divulge as to their origin, and of the genesis of their;_edjﬂ;
~associated denosits., Application of this knowledge to;;n§‘7d
the use of the technique of lithogeochemistrv nG T
exnloration is discussed in the following chapter.etad\”“°

This discussion centres mainly on the dispersion
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patterns of trace elements, particularly Mn and Fe,
around the Silvermines exhalative centre, with brief
reference to the other Irish deposits where relevant.
Considerations will be given to the various controls
which may have operated on their outward migration and
incorporation into actively forming carbonate sediments,
which resulted in the formation of a primary trace
element aureole.

The precesses operating on these trace metals in
soluticn, which account for the different distribution
patterns in host rocks aroundvfossil hydrethermai~'
vents, may be divided into three main categories,

‘as foliows:-

1) adffferential concentration during, generation and
subsurface transport, leading to diffefent concentrat—:‘
ions in'the exhaled fluids; | v‘ .
2) differential precipitation due to. fractionation ' “
processes in a submarine environment-‘ v o

3) differential solution and precipitation during
- diagenesis and post—depositional modification.a'~
‘The discussion of the genetic processes operating on
, the Silverminesvhest rocks, and those ofiother,Irish,' “
base me£e1 deposits, Willcontinue_unaerytheSe}three“ !

headings.




6.2.1. Ore Fluid Generation, Subsurface Transport

and Composition.

Circulation of seawater through thermal contraction
features in axial zones of oceanic spreading centres
permits exchange of elements between seawater and
basaltic rocks at elevated temperatures. Channelling
of these solutions upwards through major faults and
expulsion of metalliferous fluid on seafloor locations
may result kBischoff and Dickson 1975, Seyfried and
Rischoff 1977, Mottl and Holland 1978). Similar
exchange is permitted when hot fluids percolate through
greywacke or shale (Bischoff et al 1981), even at |
temperétures below 100°C (Long and Angino 1982).

DurinJ these processes, Mn and Fe follow roughly
parallel geochemical paths. Hajash (1975) has shown
that a solution derived by leaching of igneous rock
will have a Mn:Fe ratio that is dependaht on a number
of factors, especially temperature and water-rock
ratio. Bischoff et al (op cit)demonstrate the import~
ance of fluid salinity and composition in greywacke
leaching experiments, and show that unmodified seawater
is comparatively ineffective in leaching sufficieht,_ 
metals at temperatures below 350°C,‘un1esé very high‘
water-rock fatios are invloved. They'aléo demonstrafé
that, compared with basalt, grevwacke provides more
metal in solution during hot brine 1eaching, of which ,'
Fe and Mn are the most important constituents. .

From experimental reactions in the temperature range‘
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up to 300°C, Hajash (op cit)obtained Mn:Fe ratios in
leach solutions of approximately 0.2 to 1. Iron

greatly exceeds manganese in the leachate by a factor

of about 20 in higher tem perature experiments (Mottl

et al 1979). Similarly, Bischoff et al (op cit)show how
a large decrease in Mn:Fe ratio may arise if reaction
tempetature rises above 3509C in brine or seawater-
greywacke interactions, such that Fe becomes a major
constituent of the hydrothermal fluid.

Actual measured ratios in some present‘day hydrothermal
systems are shown in Table 6.2. The wide range of =
observed values indicates that a wide range of initial
,solutiép ratios may have existed, or,that,some process
of sepgiation may have already begun by,thetime,the ‘,ﬁ
solutions reached the sorface.:

Solubilities of the ore forming metals zﬁ and Cﬁ,‘in:
hydrothermal leach solutions, are shown by Russell 5

et al (1981) to be largely a function of fluid i

temperature, oxidation state and acidity.f Lead behaves'tf*'v

in a very similar manner to Zn, except'that it is

g

 rather less's°1uble"éspecially‘atylower’temperatﬁresf e

(Bischoff et al (1981)).
o produce an ore forming solution, the chloride f

complexing ability of a more saline brine is essential

for sufficient metal,transport in hydrothermal systems ;;l-gl‘[

(see Finlow-Bates 1980). Solubility of iron and

manganese dufihg‘fluidetranSPOrt‘will‘depeﬂdion,a hﬁmbefsfi7#f

of factors, iﬁcluding'fluid’chemistry;ﬂf

St




High sulphate concentrations in solution will reduce
iron solubility, but leave manganese relatively
unaffected, thereby raising the Mn:Fe ratios in the
final exhaled solution.

Lupton et al (1980) consider the 350°C fluids exhaling
on the East Pacific Rise at 21°N to aprroximate to
undiluted hydrothermal fluids, unlike those of |
other systems (e;g. Galapagos Spreading Cencre), which
have suffered sub-seafloor dilution with normal sea-~
water, | |

Normally, some degree of subsurface mixing’will prevent
direct observation of pure, high‘temperature,'endé
member}‘ore transporting fluids (Edmond 1981).« The

', 'black Emokers' of 21°N provide the exception, in
which 350°C fluids at a pH of 4.7, enriched in H,S, Fe, |
Zn, Cu, Mn, Ba, Si, Li, Rb, Ca, and K, but devoid. of
Mg or SQ4; precipitate sulphides by rapidtmixing withcp,
;,ambient bottom waters. However,‘dissolved mahganeee'/‘
concentrations at 21° may have been iowered‘byi
‘scavenging onto particulate matterf(Table‘G;B);'beiugil'“i
only a‘fractiOn‘of'the~torals7meéeured'in £he‘R§a'se5"“ =
brines (55 - 82 mg/kg), which Lupton et al (on cit)
| suggest correspond to the upper 1imit for deep sea f_i
,hydrothermal vent fluids. Tbese levels are comoarable
with concentrations achieved in laboratory experimentsv

(Mottl et al 1979)




6.2.2. Source Rocks and Hydrothermal Fluid Generation

in the Irish Lower Carboniferous.

The structural regime during early Carboniferous
times in Central Ireland was one of extensional stress
(Russell 1973, Haszeldine 1984).  This gave rise
during mid to late Tournaisian times, to rapid subsid~
ence of small second order basins, allied to tensional
fracturing of the crust (Russell 1978). This in
turn may have permitted access of saline waters from
the transgressive Carboniferous sea, downwards into'
the thick Lower Palaeozoic metasedimentary pile and
Caledonian granite plutons. Highef than'normal seawater
saliniéﬁes are indicated by the_presence ofvevaporite‘
mineralk at numerous localities in mid Tournaisian
sediments (McDermott and Sevastopulo 1972, Sevastopulo
'1979). Alternatively, tensionalrstrain aliowed the
‘escape of high temperetnre metamorphic‘porerwaters‘ ‘ 
,(Kozlovsky‘1984). ‘ | v  e
Thick Caledonian geoeynclinal meiasediments_underlie ji"“
the central Irieh Plain, comprising mainiy greywaoke,”

shale:and»siltstone}‘with volcanic horizonsnbecoﬁing9

 prominent towards the southeast.. These are intruded by,*"”"

granitic massifs of Lower Devonian age, such as the
’Leinster Granite (Holland 1981) Towards the south ;;f:

of the country, a very thick (over 6000 metres)

Devono—Tournaisian sequence of entirely Shallow water ‘1_,-,

‘character (non—marine to shallow marine) was - present

;below the,Carboniferous cover, pOSSihly*boundeafOni7” “l




its northern side by a series of basin-margin faults

(Naylor and Jones 1967, Clayton et al 1980).

The Lower Palaeozoic succession provided the metals
for much of the Lower Carboniferous mineralisation in
Ireland (Samson 1983), the regional compositional
variation in the former perhaps contributing to the
apparent regional chemical variation present within
the deposits from north to south (Radtke et al 1977).

The result of déep penetration of saline fluids into
heated crustal rocks and/or the escape of metamorphic
pore waters, was the production of a reduced, hot,
weakly acidic, metal and silicé-bearing hydrothermal
brine.g The metals, chiefly barium, iron and manganese,
but alén“significant amounts of base, alkali earth, and
precious metals were held in solution mainly by
chloride complexing. The fluids were also enriched
“in ca, X andkcoz, but depleted in Mg and S0, (samson
1983), similar to the experimental results of Biédhofft
et al (1981). | e
" The heated fluids migrated from depthrtoﬁards the sea
floor along lines of structural weakness, such aS'active
Lower Carboniferous fault zones, allowing them to
bypass several hundred metres of relatively 1mpermeable
muddy carbonate sediments of the Lower Tournaisian |
(Sevastopulo 1979). At Silvermines, the main Silver-
mines Fault Zone and related northwest trending cross-
structures provided the conduit for fluids rising from

~depth (Taylor and Andrew 1978).
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A steadily evolving hydrothermal fluid composition
may have been generated by progressive deepening of
crustal convection, and resulting increase in tempera-
ture and vigour of the circulative system (Russell
1978). Some of these processes of evolution, and their
geochemical imprints, are considered throughout

this chapter.

6.2.3. Subsurface Mineralisation and Dolomitisation.

Upon ascent, the hydrothermal fluids encountered
cooler, saline fluids in the subsurface feeder zones, :
and were subjected to a sudden drop in temperature,

combined{with an increase in pH and Eh on mixing-“Some

reducedkéulphur was carried by the hydrothermal solution;’i ‘

and precipitation of sulphides (with baryte and carbonate)'
in the fracture zones occurred on mixing with more

alkaline brines. ‘Very fine grained sulphides were -

| formed by more rapid, turbulent mixing of the two fluids._tv;y\

Increased pH, brought about by reactions with carbonate e
wall . rocks, may also have played a part in. mineral |

;deposition, as ‘the host rocks were the first significant

carbonate horizon encountered by the rising hydrothermal

fluiq,

Fluid temperatures in this feeder zone reached 220 C jd’fih"d

or more, with salinities cf_about lzleq._wt,:%;(SamsQnri;:,
‘and Russell 1983). Because of the wide‘range'of'”7“”
temperaturesvand‘Salinities recorded,janngtébie;gf;~m;v~1"»

isotope evidence, Samson (1983) points towardS‘the,~wﬂi’




mixing of perhaps more than two solutions. These would
have been:-

i) the original hydrothermal solution (hot, low
to moderate salinity);

ii) the cooler, high salinity fluids of the feeder
zone (perhaps derived from an overlying brine pool):

iii) possible components from connate, formation waters
or mete .oric sources.

The source of the denser, saline fluids in the overly-
ing brine pool at this stage, may have been either
- from early (pre-main ore phase) hydrothermal exhalations,
or from a hypersaline enviromment in shallower water
some distance to the south (cf. thé downward movement
of densk, hypersaline bank waters to form lenses in
troughs at Tongue of the Ocean, Bahamas (Schlager and
James 1978)).

Extensive doiomitisation of the carbonate sédiments 15
associated with the footwall epigenetic feeder zone ore-
bodies at Silvermines (Taylor and Andrew 1978). Samson
(op cit) favours primary dolomitising procésses in théir
formation, based on relatively lowkMg/Ca féfios in
fluid inclusion leachates and some textural obsérvationé;
He also cites the alternative that dolomitisation toékv-‘
place after the entire mineralising event, but neglects
the possibility that other £luids may have been involved
(e.g. circulating saline Carbcniferousréeawater or »
brine pool water), or that dolomitisation may have:

taken place between sediment deposiiion and mineral
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emplacement.

Attenuation of the footwall succession, which hosts
the Lower G and K Zone replacement ore at Silvermines,
is noted close to the main fault zone (Taylor and Andrew
op cit, Samson op cit). The ore is hosted in dolom-
itised portions of argillaceous limestone units in
the succession (BrUck 1982). Moreover, considerable
thinning of most of the 01ld Red Sandstone and Lower
Carboniferous‘sequence in the mine area, relative to the
neighbouring areas, is described by Bruck (op gig),

Emo and Grennan (1982) and Philcox (1984).

Thinning of the footwall limestone sequence adjacent to
the faﬁ}t is just as likely a result of volume reduction
durinqqaolomitisation, and structural attenuatidn B
by later dip-slip fault movements, as it,is due to
differential sﬁbsidence rates during sedimentation.

Introduction of Mg’rich, saline Carboniferous seawater' ”
by downward percolation into the feeder4éone, éidéd by’ 
tectonic and hydrothermal fracturing, may’have
accéleratéd the growth of dolomite in piace df caléite,
through interactions with hot, Mg poor, Ca rich hydro-
thermal solﬁtions. The ahalogy‘may be dréwn here witﬁf,_
the formation of Mg-chlorite and talc in footwall |
alteration ?ipes to massive Sul§ﬁide orebodies such aéi
Mattagami, Quebec (Roberts and Reardon 1978). where
thermally induced convection may be intense.

Of the other Irish Catboniferous deposits, only

Tynagh and Gortdrum feature subsurface, feeder-zone -
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type mineralisation in economic concentrations.
Feeder-zone sulphides form all, or the bulk of sub-
economic mineralisation at Keel, Moate, Moyvore,

the Ballyvergin area, Aherlow and Mallow (see Section
6.3.5.). At each of these deposits, base metal
sulphide mineralisation infills veins and fractures
in predominantly limestone strata (except at Keel,
where conglomerate and sandstone are dominant), often
with severe recrystallisation, dolomitisation and
replacement of adjacent host rocks.

Prior to seafloor exhalation, modification of the
fluid chemistry had taken place as a result of mineral
precip&tation and subsurface reactions between the
rising}solutions, the wall rocks,and locally derived
solutions. Precipitation of pyrite ané dolomite in the
subsurface environment would have played the greatest
part in modifying the Mn and Fe levels of the exhaled

hydrothermal fluids.
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6.3.1. Depositional Process and Modification of Fluid

Chemistry in a Submarine Environment.

Fractionation of the various trace metals in the
submarine environment conmenced immediately upon
exhalation of the hydrothermal solutions at the vent
sites. A number of processes were involved in deter~
mining the distribution and sedimentary incorporation
of metallic effluents, and these may be divided into
two main categories. Firstly, those affecting the
distribution of metals in the immediate environment,of ;
ore deposition, including: i) hydrothermal plume
behaviour; 1ii) brine pool formation; 41ii) metal
oxidaéion and scavenging; 1iv) dispersion‘of trace
metalsfand separation of Mn from Fe; . v) sedimentary
features; vi) waning hydrothermal activity
secondly, those affecting the intake of trace metalse
into carbonate rocks and minerals on the surroundina\ )
sea floor.‘ | k

The overall result of the processes acting in theiV
environment of the vents will influence the 'export' of
trace metals to the surrounding sea floor environment,
although considerable overlap will clearly exist

between the two environments.v g

6.3.2. Hydrothermal‘Plume‘Behaviour.ﬁ,/

Characteristics of the fluids involved at the moment
of exhalation, such as density or temPerature contrasts T

and degree of mixing with surrounding ambient waters,‘andifi‘;




the flow rate from the vents, determines the initial
buoyancy behaviour. Sato (1972) describes a number of
possible situations, ranging from a bottom-hugging
current to a rising, buoyant plume, with combinations
of the two in between. "Double diffusion" effects,
caused by the different diffusion rates of heat and
salt in solution, also have an influence on fluid
behaviour (Turner and Gustafson 1978). The end result
will determine to a considerable extent the nature of
any accumulations of ore formed, as well as the lateral
dispersion of related hydrothermal material.

We may infer much about the behaviour of exhaled
hydrotﬁermal solutions at Silvermines by considering
the pbysical dispersion of material from present day
exhalative systems on the ocean floor, Above the
Galapagos hydrothermal field, plumes 6f hot vent
waters with densities as low as O.62gcm"3, rise
quickly and are diluted rapidly by ambient seawater
(Enright et al 1981). Hot waters may be diluted 70-
fold to within 0.3°C of ambient water temperatures
within 10 metres vertically above the vent source.
Lupton et al (1980) describe the behaviour of warm
brine waters’above_the 21°N East Pacific Rise vénfé"
which, although rapidly diluted with ambient waters,
rise about 200 metres upwards from the vents as buoyant
plumes. On feaching dénsity equilib:ium, they spréad |
laterally, detééted byvelévated Mn‘and 3He'conéen££ét~’

lons and very weak temperature anomalies.
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Klinkhammer (1980) demonstrates that hydrothermal
emanations from the Gelapagos field produce extensive
areas of anomalously high Mn content in ocean waters,
extending over one kilometre above the ocean floor
(Figure 6.19 and many kilometres laterally from the
vents. Manganese concentration are as high as fifty
times normal background levels, and perhaps even higher
in anomalously warm waters associated with the vent |
areas.

Balance between the‘upward flowing plumes and particle
size or settling rate will help determine the amount of
physical dispersion of sulphide or other material,
entraiﬂment of sphalerite or galena to considerable
heighté above the sea floor being feasible (Solomon'endl;x
Walshe 1979). Rapid precipitation of uery fine‘grained

sulphides, on or before exhalation, facilitates éntr31ne,j;,~

- ment of metal sulphides with Mn and Fe species. o

Vertical and horizontal movement of the Dlume will

slow down, eventually resulting in its stagnation and *:7e" f

“settling of particulate matter. Thus, barring the -

?possibility of current action, physical dispersion w111~,_ s

be renlaced by chemical diffusion., Solomon and Walshe Rt

‘4(QE Cit)dEtermine that the average velocity of an out« gf'
wardly migrating brine plume declines by an order Of f E

~ magnitude every kilometre.

Though initially buoyant on entering the sea,‘entrain~”f7tff'

‘ment of seawater may reverse ‘this situation, and result,ﬁfnl“'

- in the relatively cool,vsaline solutions sliding;;_"
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downslope as a bottom-hugging current until they come
to rest in a suitable hollow. Turner and Gustafson

(1978) show by experimentation how physical movement

(akin to turbidity flow) of the denser component of a
double diffusive plume can permit great distances to be
covered by mineral-laden waters. ' This would complement
the outward spread and diffusion of a hotter, less dense,
rising plume, which could eventually lose much of its
metallic content by oxidation. |

Particulate matter entrained within the bottom-hugging
current may be deposited during downslope movement and
will settle with newly precipitated sulphide when ponding
has occurﬁgd in a seafloor depression. Accumulations |
of brineﬁhin irregular sub-basins may result in stratiff‘
ication of different components, according to density, as
displayed by the Red Sea Brine Pools (Shanké and BiSchoff
1980). Danielsson et al (1980) compare density profiles =
of Red Sea waters through the Atlantis II and Discovéry
Deeps,and observe a linear correlation between calciﬁm‘
contént and salinity in thérformer, which indicates that
intermediate brines arise by mixing of‘the'hot; priméry e
brine and Red Sea Deep Water (RSDW). A compound dénsity,
profile, Qith step-like'increases, reflects the brine
'stratification in Atlantis II, contraéting wi£hkthe Dis-
covery Deep, where ponding of a single, mixed}briné occurs

(Figure 6.1b). Chemical composition of the brihes is a
function of the interplay between each conttibﬁtory'com~“

ponent: hydrothermal input; buried evaporifes; RSDW;
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02 content; adsorption processes.

Wide dispersion patterns of various trace metals around
the Red Sea Brine Pools (Bignell et al 1976) may be
attributed to lower oxgyen levels in and around the brine
pools, slowing down oxidation and precipitation. Low
sulphide contents in bottom waters would allow greater
residency times of chalcophile species in’solution,
resulting in wider dispersion patterns by outward |
diffusion. Low sulphide levels in the Red Sea Brine Pools,
and the apparent absence of bacterial activity, are en-
visaged by Mossman and Heffernan (1978) as being respons-
ible for the relative scarcity of sulphide minerals in the
muds. This is reinforced by the presence of minerals
such aswgéacamite (hydrated copper chloride), which

‘require extremely low H,S concentrations to stabilise.

Behaviour of Exhaled Fluids at Silvermines. ‘

| Although moderately high temperatures of 200 - 220°C1
(salinity about 12 eqg. wt. % NaCl) are indicated for
fluids in the Silvermines feeder zones (Samson 1983),
these were probably much lower on seafloor exhalation
(less than lOQOC, Boyce et al 1983),’and the fluids

would not readily have formed a buoyant plume on exhalat-
ion. More likely théy would have déveloped‘doublej,‘ B
diffusive characteristics, similar to the conditions
envisaged by Solomon and Walshe(1979) for tha Roseberyvv
deposit. in this way, a densér, basevmetai rich b;iné

may have flowed into topographic hollows on the seafloor

138



to form a brine pool, while a buoyant plume, charged
mainly with dissolved constituents and colloidal Mn and
Fe complexes, rose and spread over a much wider area than
the brine pool. »

Evidence from the study of fluid inclusions (Samson op
cit) andvsedimentological control (especially Waulsortian
Mudbank growth, Boyce et al, op cit), innt towards
water depths of at’least 100 metres in the vicinity
of the fault zone, and even greater depths over the sed-
imentary orebodies forming in the adjacent sedimentary4
structural basins. Althougn much snallowef than the ocean
floor throthermal systems described before, chis is
still sufficient depth to allow considerable separation :
of the bwo components of a double diffusive plume.

Discharge of large volumes of reduced, metal bearing

brine onto the seafloor in a restricted basin allowed pre—nii'

cipitation ofthe concordant sulphide 1enses near the vents.‘ﬂgl'

Taylor (1984) favours the growth of pre-existing (1 e,:ilii':

before the PrinCipal‘mineralising events‘and,tectonic S

disturbances) Waulsortian mud mounds on Strnctural highsif'
in the footwall’Mnddy Reef LimeStone“(Fignre‘G'Zf These if"“

structural highs run: approximately parallel to one

ranother, trending NNW—SSE, and develoPed in response to Tk

stress created by movements on the Silvermines Fault Zone.&l

'Taylor (.B cit)observes that ore zones are thickest in the ine.f

intermound depressions and thinnest, or absent, over the

crests. Waulsortian Mudbanks of similar age and charactero7ffif;

in Tennessee, are shown by MvaUOWn and Perkins (1982) to‘ffl}i!f




AR . 3

Figure‘ﬁ.zt Skétéh diagram of seafloor topography and outline of principal stratiform ore gones
at Silvermines, viewed obliquely from sbove and to the east. Mounds are footwall mudbanks
(Stromatactis Reef Limestone), stipple is st

ratiforn baryte. For location of feeder zones and =~
magsive pyrite, see Figure 6.5. o ' : L e




have formed in localised, slightly elevated, sub-mound

seafloor highs in a transgressing sea.

6.3.3. Development of Brine Pool Conditions.

Spatial arrangement of ore host rock facies (baryte
on flanks, pyrite and siderite in the hollows) is
closely related to the distribution of footwall mounds
(Taylor op cit). This points towards strong brine pool
development, with relatively anoxic conditions below a
halocline, between the fault scarp and existing footwall
mounds. Exhalation of fluids took place at several loc-
ations into different sub-environments of the brine pool
system (Russell 1983). On the flanks of the depression,
nearer tpithe main fault zone, pyrite and baryte were-
- precipitated in low mounds with recognisable chimney
features (Larter et al 1982), under relativeiy oxidising
conditions at a’pH of about 7.5. Deeper into the
depression, where more anoxic conditions prevailed, galena :
and silver sulphosalts were precipitated around the vents
and in cross-cutting veins.through existinq mudbanks,:wherc
fractured by NW trending faults (S Taylor, personal |
communication 1982). o | |
Abundant sulphur was present in the vicinity of the btinek
pcol, both sulphatevfrcm seawater, and sulphide‘from |
hydrothermal sources as well as bacterially reducéd seé_'
watér‘sulphate. The absence of sighificant pyrthotite |
in the upper stratiform zone sulphides (Tay10r‘aﬁd Andrewv_

1978) implies the presence of abundant réduced’sulphur,’:
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conditions favouring the formation of pyrite (Plimer

and Finlow-Bates 1978)., This is in spite of the relative
abundance of primary pyrrhotite in parts gf the feeder
zone sulphides (Rhoden 1960), where conditions were much
more strongly reducing.

Sulphur isotope studies by Boyce et al (1983) indicate
intense bacteriogenic activity within the brine pool and
underlying sediments, with much of the sulphide originat~
ing by reduction of seawater sulphate. This is in con-
trast to the sediments of the Red Sea Atlantis II Deep,
which are virtually sterile with respect to bactefial
activity (zZhabina and Sokolov 1982), HZS being almost
entirely ?f hydrothermal origin.

The ovggéll size of the Silvermines exhalative site is
, apprpximately six kilometres long (from Wést Shallee to
the C Zone, Figure 6.3), by a kilbmetre or SG}wide, |
closely comparable to the present day exhalativeksite ih |
the 21°N East Pacific Rise hydrothermal fiéid (6. ka by
O.5km, with at least 12 separate vent clusters of chimneys :
and mineralised mounds, MacDonald 1982)

Although the individual sedimentary ore zones arevfairlyf
restricted areally (G Zone - 1000m by 700m, B Zone - 600m
by 500m, Ballynoe baryte - 600m by 300m), the overall
dimensions of the recognisable stratiform sulphide -
sulphate horizon is about 2.5 kilometres long by 1.5
kilometres wide. In addition, small‘quantities of zinc
and 1eadvsu1phide and pyrite mineralisationware presentlz

at an equivalent stratigraphic position éome five kilo-yyi]‘
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Figure 6.3: Sketch map of Silvermines - Nenagh Basin, showing location of Red Marble
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Figure 6.4 Comparison of vertical profiles of (average) zinc content in footwall Stromatactis
Reef and Muddy Reef Limestones at Silvermines (from data in Figures 4.13 and 4.18). Note how:

; elevated zinc values {above 10 ppm, shaded black) are developed over greater thickness in
reef mounds, bu: to lower levels of emrichment.




metres to the northeast (Figure 6.3), intersected in two
boreholes (S. Taylor, personal communication 1982). This
suggests a certain amount of periodic entrainment of
sulphide material by the rising plume, allowing greater
distances to be covered in base metal dispersion. ‘
Alternatively, one might speculate that they are related
to another, as yet undiscovered, exhalative‘centre much
closer by (see Section 6.3.5). |
Rapidly changing conditions, marking the onset of hydro-
thermal input and brine pool formation are indicated by~*‘
trace element profiles through footwall Muddy Reef Lime-
stones, into ore horizon sediments and their stratigraphic
equivaleﬁts (Section 4.,2,2.). Geochemical profiles |
reveal inéreasing manganese concentrations upwards, coupled
with decreasing acid soluble iron (possible reflecting
increased incorporation into pyrite), especially in the
top 30 metres of footwall sediments (Figures 4.14 to 4 19) .
The presence of extensive footwall enrichments of Fe,
~ over 100m into the underlying'limestones (Figure 4, 14),;f;f

- may indicate that early hydrothermal solutions were free

of aPpreciable HZS concentrations.' The Fe concentrationS‘lf' -

in the exhaled solutions were then reduced quite drama~'
_ktically because of a buildup of st, rendering the Fe
more insoluble (coinciding also with increased Mn conv*f*

:centrations)

Zinc values show increases in the top 7 metres, indicat"::;]i”'

~ ing early hydrothermal input into the immediate footwall S

sediments. Local silicification is observed in close ;fl




relationship with sedimentary sphalerite or siderite
accumulations, especially in the deeper parts of the
depressions (Taylor and Andrew 1978, Taylor 1984).
Paralleling some of the geochemical changes, early hydro-
thermal activity is indicated by faunal flourishment and
mass extinction towards the top of the Muddy Reef Lime-
stone (Barrett 1975). 1Increase in crinoid size and
density represents optimum conditions of nutrient and heat
supply for growth, followed by metal sr sulphide toxicity.
The stimulative influence of hydrothermal fluid emanations
on biological activity is exhibited in the discharge
areas of present day submarine thermal springs (Corliss
et al le?, Karl et al 1980). In the absence of brine

{
pool development, flourishing marine organisms reflect

"the abundance of sulphur-oxidising bacteria at the base

of the food chain, which feed on H_S expelled by the

2
hot springs. _ ’
Comparison between the immediate footwall geochemicél
profiles where Stromatactis Reef Limestone is present and
where it is absent, reveals some differences, even though
the majority of the boreholes examined all occur within
a short distance of one another (see Fighres.4.13 and
4.14 - 18). | “ o
One reason for this may be the different rates of Sed—
imentation of the two rock tYpes, with reef mounds qrowiﬁg
much faster than the argillaceous liméstone of‘the:Muddy
Reéf{ For examélé; zinc énrichments in éhé Stromatééfié

Reef Limestone mounds extend down to about 20 metres
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below the ore horizon, but only 7 metres into the Muddy
Reef Limestone. Also to be taken into account is the
fact that the reef mounds protude up to at least 30
metres above the basin floor in places, possibly leaving
the growing surfaces beyond the influence of bottom-
hugging or ponded, dense, hydrothermal solutions (Figure
6.4).

Profiles of Mn:Fe are broadly similar in the two lith-
ologies,, with steadily rising Mn, relative to Fe through-
out, except in the top 10 metres in the Stromatactis
Reef Limestone, and the top 5 metres in the Muddy Reef
Limestone (Figures 4.13, 4.15).

Y

r

6.3.4. Epémation of Siderite.

Siderite formation normally reqdires coﬁditions of low
oxidation potential (See Figure 6.l0a), very low sulphide, 
activity and restricted water circulation (Curtis and
Spears 1968). Although normally restricted to’a dia~-

genetic environment, such conditions may develop within

3
rich waters) would serve to enlarge the siderite stability

a brine pool. High HCO, activity in solution (or CO2

field (Hem 1972), and balance the inhibiting effect of

higher sulphide activities in hydrothermal brine waters.

Alternatively, conditions just below the sediment surface .

may have favoured siderite precipitation. Klein and
Bricker (1977) record the development of very localised,  '
extreme conditions with highly’reducing, Fe rich

assemblages forming only centimetres below a‘highly‘:
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oxygenated medium.

Early stages in the brine pool history at Silvermines
may have been characterised by relatively low sulphide
concentrations from the hydrothermal source, or in-
sufficient sulphide forming by bacterial reduction of

seawater sulphate. This, combined with the high co,

contents of the hydrothermal fluids (Samson 1983), and
already high 002 activities in the brine pool vicinity
(caused by the instability of CaCO3), favoured precipitat-~
ion of siderite rather than pyrite. Close association
of massive pyrite and siderite however, suggests that
sulphide was not in short supply. Instead, we can‘
perhaps ehvisage a situation where multiple layering of
the brine pool had developed, with an upper brine S
"favouring pyrite precipitation (acoz‘fast (tztotai
sulphide)); and a lower brine or‘eubsnrfaceieedimentt’
’waters favouring sidetite precipitatiOn (acdj'aéy);
both environments characterised by high Fe concentrations,» |

:(Figure 6.6). This setting would also account for 5

the physical arrangement of pyrite relative to siderite, s

apparently overlying it, and on topographically higher

parts of the depression (Figure 3. 28) Blocks of

Siderite material incorporated into debris flows within i

the orebody testify to the relatively early formation

of~siderite, on or just below the sediment surface;"*v

Siderite is the only carbonate mineral forming in~situ,”ef_,“

‘ in the brine pool (except, perhaps for some base metal

4Carb0nate,pas reported by Kucha and Weiczorek (1984) e




from Navan). The precipitation of calcite or dolomite

is inhibited by the Eh-pH conditions brought about by

the influx of hot, acidic, reducing, COz—rich,'and metal
chloride bearing solutions. Instability of calcite and
dolomite may be promoted by the mixing of these solutions
with cooler, more neutral or alkaline solutions, andi
resulting Zn-Pb precipitation,‘as described by Anderson
(1973) for subsurface Mississippi Valley-type mineralisat-
ion. | |

Taylor (1984) shows how footwall carbonate’mudbank
growths are thinner or absent beneath significant ore
~developments in the stratiform orebodies (Figure 6. 5),»
the only %arbonate material present within or above
these orefzones other than siderite, is,in allochthonous,rk
~ “ sedimentary breccias. Within these debris flows; in- |
dividual clasts are rimmed bj,reaction'haloes of‘pyrited~
or other sulphide minerals. ” |

One significant factor, concerning trace element geoel
chemistry, is that siderite precipitation allows much
greater amounts of Fe and Mn to enter the carbonate
~}fraction of the sediment around the vents. Up to 40% =

anCO3 is recorded in naturally occurring Siderites :.t_

(Deer et al 1966), although analysis of siderite from the L

stratiform zones at Silvermines indicates around 10%
MnCO3 in solid solution with FeCO3 (and varying amounts i

of CaCO and MgCO3 also)

3

Much greater quantities of Fe ‘than Mn are removed from ey

- solution by the precipitation of pyrite and siderite,~if4-,;ﬂr<a
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with rough estimates of about 1lOmt of massive pyrite
and lmt of siderite hosting the stratiform ores. Using
these figures, and an average ratio of Mn to Fe of 1 to 4
in the siderite, and negligible Mn in the pyrite, over
fifty times as much Fe is located in the pyrite and
siderite host rocks than Mn. The ratio of Mn to Fe in
the remaining host rocks (pyritic dolomite and lime-
stone breccias) is of the order of 1 to 2.7, averaged
from 86 ore horizon samples. Because of this, the quant~-
ities of Mn and Fe exported from the local basin of ore
deposition did not necessarily reflect their relative
proportions in the hydrothermal fluids.

{

3

6.3.5. Qié;persion of Hydrothermal Componehtsv. |

The mode and extent of metal dispersion around a hydro-
thermal vent source will depend on nuﬁerous'character-
istics of the exhaled fluid and the seafloor environment.
Physical disperéion of effluents (metal compléxes, B
oxidised components, particulate material) by plume flow
is more important for hotter, less dense brines, part-
icularly iftﬁmapresence of sulphidé in the‘hydrothermal
solution has led to rapid précipitation‘of patticulate
sulphides on mixing with seawater. ‘Physical dispérsion
in dense:, lower témperature (sulphide-frée),solutions,
such aé those of the Red Sea, is limited mainly to |
gravitational sliding and overflow of ponded fluids
from seafloor depressions (Carne 1979)."Chemical dis-:

persion (diffusion) will play a more important'role'in
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the latter case (Danielsson et al 1980).

Double diffusive systems are characterised by plume
convection and gravitational brine movement, with both
chemical and physical processes of dispersion facilit~
ating the outward spread of metalliferous components.

The seawater chemistry will largely be responsible for
continued stability of each diseolved component, and the
resulting degree of dispersion around the vent, ranging
from rapid dumping immediately around the vent, to
complete dispersal to background seeweter levels.
Seawater depth, current (and wave) actiVitykand seafloor
topography will also influence the physical behaviour of-
dispersiﬁg hydrothermal . fluids.:

The solution chemistries of iron and manganese are veryt .

- similar, both remaining stable as divalent ions in
hydrothermalrsolutions of low Eh'and pH;; Both‘are '
oxidisedjjlnormal surface conditions to give insoluble

oxides, although the oxidation of the manganese ion

requires a higher oxidation’ potential‘than'that of thef‘et?f’f“”

-~ ferrous ion‘(Krauskopfv1957).“’The differenceeinyi
'solubility between Fehandihn is greater in theZOXidesf*“d
resulting in a more efficient separation'of»the“twoﬁin,'d"
a more oxidising environment. Comoarison of the e
stability fields of individual iron and manganese i

2+

.compounds (Figure 6 7a) shows that the Mn“t 1on is

stable over a larger area of natural environmentaI’
" conditions compared to Fe?%

4eagerness‘with‘which iron forms pyrite or'siderite*atff

, partly also because of the
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Figure 6.7a: Comparative solubility of Mn and Fe in the system
H,0-Mn-Fe-C0,-5 at 25°C and | atm. Total €O, species activity
2000 mg/1 as HCOs, total sulphur species activity 2000 mg/l

as 802 ; after Hem (1972) Arrow indicates approxlmate comp=-

osition of fluids in Silvermines seafloor hydrothermal
system.
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Figure 6.7b: Stability flelds of solids and solutes, and solu=
‘bility of manganese as functions of pi, redox potential and '

dissolved Mn concentration at 25°C and 1 étm. in the systed

Mn-COz-HZO Bicarbonate species activity 2000 mg/l as HCOS,
dissolved Mn actxv;ty from 0 01 to 100 ppm (see dotted linea).';g



lower Eh conditions.

The strong negative correlation of Mn and Fe in many
hydrothermal deposits (Zantop 1978, 1981) is indicative
of the efficient fractionation processes operating on the
two elements.

In a carbonate environment, with lime mud forming rapidly
on the sea bottom, neutralisation of acidic hydrothermal
solutions would take place at a much faster rate,
telescoping any outward fractionation of iron and
manganese. The Mnco3 stability field is enlarged by

high CO, activities (Figure 6.7b), and Mn2+ readily

2
enters the carbonate phase without oxidation,'its mobility
increase&,because of complexing with bicarbonate

(Hem 191%). Unlike zinc (and iron to some extent),
chloride complexing is of little significance in the
natural solution chemistry of manganese (Hem op cit).

Virtually all of the manganesé,‘and most of thé iron,
exhaled into the submarine environment, whether into the
brine pool or upwards as a rising plume, woula‘have been
present initially in the divalent‘state. Low Eh condit- ’
ions in the brine pool favoured continued solubility of
Mn (II), whereas high sulphide activities encouraged
rapid precipitation of Fe as pyrite.

Conditions beyond the brine pool contrasted with those
prevailingin its depths, and transitionalrzohes between
the two would have existed. These may have been either
stratified deVélopments within the pool itself (with 

pronouncedinterfaces between each), or a diffuse zone
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caused by periodic overflow and mixing of brine with
seawater on the surrounding seafloor.

Overflow of dense brines from a brine pool onto the
surrounding seafloor sediment allows development of an
oxidising faclies around a reducing one. Accumulation
of oxidised manganese species around the edge of the
Red Sea Brine Pools in a 'manganite facies' is documented
by Bignell et al (1976). This occurs where mixed,
ihtermediate zone brines first come into contact with
the sediment surface, without anoxic primary brines below.
Otherwise, precipitated Mn (IV) species would again be
reduced on sinking into the primary brine (Danielsson
et al 1980). No comparable oxidised manganese zone is
presentsét Silvermines, although oxidiseq iron minerals
- are siginificant in the baryte zone.

Beyond the influence of the Silvermines brine pool
waters, the carbonate environment of the relatively
shallow and turbid Waulsortian sea ensured rapid
neutralisation of outwardly migrating hydrothermal fluids,'
and telescoping of any outward fractionation of Mn and}Fe.
The comparable behaviour of Mn and Fe is demonstrated by
the good correlatiop between thekelementswin the surround-
ing mudbank limestones. Mangahese to iron ratios in ail
distal outéro? in Ireland avérage 1.0 (Tablev3.2i,;
although this value is slightly higher (about-l.Z) in
the Silvermines - Nenagh areé (Table 3;4).' Little fract—i
ionation between Mn'and Fe’is bbservéd, exéept pefhaps

for’slightly_higherjMn levels immediatelyyto the ﬂorth
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and east of the stratiform orebodies, compared to the area
close to the fault (Figures 3.39 and 3.48). This suggests
that the respective domains of the brine pool environment
and the carbonate basin environment were relatively

clear cut with little overlap. A similar situation
appears to have existed at Keel (Figure 3.60b).

The low Mn:Fe ratios in the vicinity of the stratiform
ore zones at Silvermines effectively highlight the
appfoximate extent of the local basin, where Mn solubil-
ity was perhaps slightly greater than Fe., In the car-
bonate-hosted Renison Bell deposit in Tasmania, Mn:Fe
ratios also increase laterally from the massive sulphide
and sideﬁgte host, outwards into the carbonétes,
(Hutchigg%n 1979).

The elevated Mn and Fe levels present in the carbonéte
fraction of surrounding host rocks at Tynagh and Silve:-‘
mines, may have arisen by direct incorporation into
precipitating carbonate minerals in the divalent stéte, -
or by initial deposition in oxidised form, followed by
post-~depositional reduction and redistribution into
carbonate minerals during diagenesis. Factors govérningv
the entry of Mn and Fe into carbonate minerals’are | |
examined more closely in Section 6.4.1." o

That Mn:Fe ratios are slightly higher in the Silvermines:
- Nenagh distal samples is perhaps a result of the . i
removal of large quantities of hydrothermai irbn (cémpa:- o
ed to manganese), incorporated into the ore host roéks :

(Section 6.3.4.).
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Host rocks to the Silvermines deposit carry primary
enrichments of several trace elements up to at least 4
kilometres from the economic mineralisation. Almost
80% of samples in this zone carry enriched levels of
Mn and Fe, whereas over 60% carry enriched levels of
Zn (Table 3.6). These enrichments arose from one or more
of a number of possible mechanisms during the formation
of the stratiform ore: |

i) precipitation or 'fall-ocut' from outwardly
migrating fluids forming part of a buoyant plume;

ii) periodic overflow of dense, metalliferous fluids
from a brine pool onto the surrounding sea floor;

iii) %outward diffusion of the metals along concen-
trationgéradients, from the hydrothefmal vents and -
associated brine pools.

An analogy can be drawn here with the Red See hYdro-c
thermal system, where anomalous concentrations of’trece
elements (Fe, Mn, Zn, Cu) in bottom waters and suspended'
particulate matter, arise because of diffusion of metals
across the interface between hydrothermal fluids in the
brine pools, and overlying Red Sea Deep Waﬁer (Holﬁes
and Tooms 1973). Outward migration of metal ions takes -
place in both particulate and dissolved forms, influencing f
the composition of surrounding bottom waters and sediments.
Bignell et al (1976) record lateral enrichments of Cu, |
Zn, Fe, Mn and Hg up to lO kilometres from the metall~.c‘
iferous sediments of the Atlantis 11 and Nereus Deeps |

(Figure 6.8). Some overflow of ponded hydrothermal brinesi
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also takes place onto the surrounding seafloor (Rona
1984).

Manganese and iron appear to be strongly fractionated

in the Atlantis II sediments, perhaps reflecting

slightly higher Eh conditions, and reduced mobility of

Fe (and hence a less pronounced fractionation from Mn)
and generally wider dispersion of each metal (Figure
6.8). In addition, lower background values of each metal
'may indicate less trace metal scavenging by precipitating
Mn oxide phases. Higher levels of Mn, Fe, Zn and Cu

are recorded in sediments from progressively deeper

parts of the Red Sea, demonstrating the large scale
influenc% of metalliferous exhalations along its axis

(Figurg*é.Sa).

Tynagh.

‘In apparent contrast to Silvermines, separation of Mn
and Fe compounds took place in the oxide faciles at
Tynagh, represented‘by iron-rich and peripheral
manganese-rich samples in the Tynagh Iron Formation, l
laterally equivalent to the base‘metal orebbdy (Russell
1972). A suggestion of weak Mn enrichment felatiﬁe to .
Fe, towards the northern flank of the Waulsortian out~
crop near Tynagh’(Figure 3.23) may indicaté slight
fractionation of Mn and Fe, beyond the edge 6f the Iron
Formation, within the carbonate domain. |

'Tynagh displays a number of other differences from.

Silvermines, one result of which is the fact‘that trace-
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element enrichments appear to be more widely developed
around the hydrothermal centre. At Tynagh, both ore
and associated trace element enrichments are found
throughout the Waulsortian and equivalent succession,
whereas at Silvermines, both are focussed near to the
basal part of the same succession. This testifies to
the longer duration of hydrothermal processes at Tynagh.

The comparative lack of well developed stratiform ore,
and the presence of an extensive, cogenetic, sedimentary
iron formation close to the Tynagh Fault indicates
reduced brine pool conditions were poorly (if at all)
developed, allowing oxidising conditions to prevail
throughodt the local basin. As this would presumably
reduceﬁE#ace element mobility in solution generally,

- the implication arises that more efficient movement
of trace metals by plume dispersal took place.

Taking such conditions to the extreme, complete absence
of brine pool development in an oxidising environment
leads to very sudden andkthorough mixing of hydrothermai
solutions with strongly oxygenated (and/or turbulent)
waters. The resulting abrupt changes in Eh»end‘pﬂ 1eads_
to prevention of any fractionation between Mn and Fe, all
of the components of a metalliferous fluid being rapidly
precipitated or 'dumped' as hydroxides or adsorbed ions
on the hydroxides of other elements (Marchig et al 1982).
This situation is perhaps typical of ocean floor exhalet~
‘ive centres in an oxidising environmenﬁ, such“ée thoee
of the Gulf of California (Badham 1979, Lonsdale et al
1990) |
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Keel,

The stratiform Ba+Fe+Zn mineralisation preserved at
Keel (Section 3.4.3) is localised at the base of the
mudbank limestone, some 2 kilometres from the main
subeconomic sulphide deposit (Zn with Pb), which is
hosted mainly in epigenetic fracture zones in older
clastic rocks (Figures 3.58 - 59).

The trace element enrichments recorded in the host
mudbanks are also coﬁfined mainly to the basal part of
the mudbank formation, but these are weakly developed,
and consist of subtle Mn and Fe enrichments, with only
minor Zn enrichments (Figures 3.60, 4.38 - 43).

The fact that mudbank growth appears to have been.
unaffected by hydrothermal exhalation indicated ihat
normal seafloor conditions were relatively unchanged,
and brine pool conditions did not develop. Metalliferous
exhalations at Keel were probably relatively weak and
short-lived, and the effluents largely dispersed to
near-background levels in surrounding seawaters,;with
the‘result that only minor increases in host rock trace
element levels were developed around the vent areas..

At Keel, iron tenors in surrounding mudbank limestones
are noticeably higher than manganese, reflé;ted in_ lower
Mn:Fe ratios compared to Silvermines and Tynagh (Fjgure’.'
3,60b). The absence of any significgnt development of
sedimentary iron formation or extensive massive

pyrite (both are present, but are only minor in
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extent) may have led to large scale dispersion of
iron, and increased incorporation into sedimentary

carbonate in the vicinity of the hydrothermal vents.

Ballinalack.

The presence of manganese and iron enrichments in the
micrite phases of mudbank limestones around the Ballina-
lack mineralisation (Figure 3.55), indicates that some
syngenetic introduction of metals took place, although
evidence for seafloor, base metal mineralisation is
lacking.

At least two possible situations present themselves
here. F&rstly, that the growth of the mudbanks precededw~
the mainfexhalative event, and took place during early,
base-metal-poor stages of hydrothermal activity, when
Mn and Fe were the dominant metals‘carried by thei’
solution. Metalliferous solutions then invaded the S
mudbanks, precipitating base metals and baryte in primary ,
cavities (stromatactis) and secondary, fault-induced
fractures or cavities, on mixing with connate SO4-rich

brines., Any sedimentary ore. zones, if preserved, would

’therefore be located in overlying argillaceous limestones,ifgjj-'

~ and would most likely be accompanied by enrichments of Mn, ol

Fe and Zn in laterally equivalent strata. Alternatively, e

~the metalliferous exhalations occurred during mudbank

growth, but were relatively weak, and due to current

Winnowing and/or lack of any local stagnant depressions‘flafl”‘rd

(and resulting brine pool development), no stratiform




mineralisation was preserved in the mudbank limestone.
On the seafloor, any base metals were rapidly dispersed
and oxidised, and deposition of sulphides was limited to
subsurface cavities and fractures. Hydrothermal Mn and
Fe were still present locally in the seawater, to

become incorporated into the growing mudbanks at elevat-
ed levels.

The infilling of stromatactis cavities by sulphide
suggests that passage of the mineralising solutions
occurred soon after growth of the mudbank framework,
before the preoipitation of early diagenetic calcite,
or geopetal lime mud (Halls et al 1979).

Core sections examined in this study did not include
any complete profiles of the supra-reef limestones to:
affirm the first hypothesis, but work by R. Graham
‘(personal communication 1982) indicates that no appreoieJ
able enrichments of Mn are present in the Upper Argillac—ek

eous Bioclastic Limestone or calp Limestone.,

The evidence here’points towards more or less contemp- - h'

oraneous growth of mudbanks and introduction of meta11;r
iferous fluids, with the overall Weakness,of‘thépfﬂ”"\’

hydrothermalevstem; and‘resulting failure of any brine

pool to develop, the principal reasons for the absencefu7'[i‘

of stratiform mineralisation.’

One other significant difference between Ballinalack andﬁe?e

Silvermines is in the comparison between ore 1sopachytes
of ore thickness and mudbank thickness.f At Ballinalack,

. the two are closely related, and thickest ore inter-




sections tend to coincide with maximum mudbank development
(Jones and Bradfer 1982). The converse is true at Silver-
mines, where highest ore grades and thickness coincide
with minimum mudbank (footwall Stromatactis Reef Lime-
stone) development, and a general thinning of the overall
Waulsortian-equivalent succession (Taylor and Andrew 1978,
Taylor 1984). This reflects the fact that at Silvermines,
deposition of sulphides took place on the seafloor,
essentially controlled by mudbank topography, whereas
at Ballinalack, it was confined to the subsurface
environment within the mudbanks, and controlled by local
permeability barriers.

!

”

Ballyve;éin.

Locally enriched Mn and Fe levels in mudbanks which host
the minor Cu+Pb+Zn deposits of the Ballyvergin area
(Figure 3.67) suggest that the emplacement of the minefal-
isation coincided with the growth of the mudbanks. "
Those deposits hosted within the mudbank comélex_itself
(Carrahin, Crowhill, Ballyhickey, Milltown) may thefefore _
show greater atfiliation to sedimentary exhaiative type |
mineralisation (with considerable diagenetic‘and later .
Hercynian modification), even if genetic style is ihdicat-:
ive of apparently epigenetic emplacement. _

The localisation of at least one of the deposits
(Kilbreckan) in supra-reef limestones requireé that the
hydrothermal prbcesses were relatively long=-lived, and.

continued after the cessation of mudbank growth.
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Alternatively, and in the light of the lack of any
appreciable zinc enrichments in the mudbank, the main
hydrothermal event may have climaxed after mudbank
deposition, and the Mn and Fe enrichments in the mudbank
are effectively part of a footwall aureole, formed by
early, base-metal-free exhalation. This situation
would require that the deposits hosted in the mudbank
complex (as well as those in older rocks, such as the
Ballyvergin deposit itself) were‘some form of feeder
zone mineralisation (Figure 6.9).

The absence of any sizeable stratiform sulphide zone
most likely points towards the lack of any single,
major 'p%umbing' structure to focus the upward movement
of hyd;s}hermal fluids onto one seafloor location,
possibl& combined with the absence of any‘suitable local
depression (e.g. fault-controlled) to allow brine pool
development. It also remains a possibility that’erosion'
has removed a major stratiform zone,’either high up in
the mudbank complex or in overlying iimestpnes, and the
exiéting deposits are remnants of its feéder zones..Howéver, the )
fact thaf the existing’trace element anomalies are nét strongly - .
developed suggests that large scale exhalation of metals did not
take place, eithér in the presence or absence of suitabie'btine -
pool locations.

Suggestions that the deposits are Hercynian in age (Sevaétopulo
1984) are refuted on the basis of the host rock ttacevelement

- patterns presented here,
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Aherlow.

The Cu-Ag mineralisation at Aherlow is epigenetic in
style, hosted mainly in sub-Waulsortian limestones and
shales (Cameron and Romer 1970)., However, the presence
of a stratiform chert zone at the base of the Waulsort-
ian nearby, and the localisation of Mn, Fe and Zn
enrichments in the same formation (up to at least 1.5
kilometres distant, Figure 3.69), is suggestive of
hydrothermal activity contemporaneous with mudbank
growth. Reduced Mn:Fe ratios coincide with the trace
element enrichments, implying either a relative increasé
in Mn solubility over Fe (caused by lowered Eh, for
gxample)p or a local increase in Fe supply over Mn,
both qg.éhich could have arisen by metalliferous exhal-

ations.

Mallow.

In contrast to Aherlow, the similarly styled Cu-Ag
mineralisation at Mallow (Wilbur and Royale 1975) does
not appear to be accompanied by significant enrichments
of Mn, Fe or Zn in nearby Waulsortian outcrops'(Figure'
3.71). The implications here may be one of severa1§~'

i) that hydrothermal processes poSt-dated mudbank
growth, allowing normal background levels of trace -
elemenﬁs to develop in the mudbanks; |

'i1) that hydrothermal processes coincided with mude}
bank depositioh, but increased levels of trace élement

incorporation were either very restricted areally or
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stratigraphically (and therefore not detected by the
sampling pattern in this study), or enrichments are very
weak and close to normal background levels. This latter
situation could have arisen either because of general
weakness of the seafloor exhalative system, or local
bottom conditions favouring more or less complete
dispersal of the effluents.

Examination of drill core sections through the Waulsort-
ian Limestones may help to determine which of these

suggestions is the most likely explanation.

Courtbrown.

There are two,possible explanations for the Mn and Fe
enricbqeéts in Waulsortian Limestones aropnd the Court-
brown fb?Zn prospect (Section 3.5.3.). Firstly, that
metalliferous fluids were introduced onto‘the seafloor
during early mudbank deposition, to form the mine:alf
isation observed at the base of the mudbank, and the |
Mn and Fe enrichments in laterally equivalent mudbanks.
Secondly, the distribution of enriched values appears_‘
to be centred on the inlier of pre-Waulsortian rocks to
the east of Courtbrown (Figure 3.70),,where_severalkold
trial workings for‘Pb, Zn_andCu are known., Thesé minbr’ |
occurrences of epigenetic base’metal sulphides'may»in’ |
fact represent a remnant of the feeder zone to a more
central exhalative system, the products,of_which are now
largely removed by erosion. | A

As at Ballyvergin, however, the apparent lack Qf any
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major structural conduit for upward passage of hydro-
thermal solutions may have led to a more diffuse
'plumbing' system. The syngenetic expression of this
system is now represented'by relatively minor occurrences
of base metal sulphide at several localities, including
Courtbrown and Rineanna Point‘(Figure 3.70), and laterally
extensive, but stratigraphically reetricted,-trace

element enrichments in the mudbanks.

6.3.6. Oxidation of Iron and Manganese.

Manganese is essentially insoluble in oxygenated sea -
water, measured concentrations being present iargeif

as colldidal Mn IV suspensions., Landing and. Bruland
(1980)gsnow that the concentration of dissolved Mn -
depends principally on oxygen content, the oceanic
max imum 1evels of Mn (at mid—depth) coinciding with the g
minimum of dissolved oxygen.‘ Other maxima occur wheregnk‘

input is high - either deep water hydrothermal (at

oceanic ridge axes, Lyle‘1976), bottomvwater’hydrogencus; g;g,ﬁy

or shallow water, near shore, detrital inbuts.’ At low i,,,

concentrations, Mn may remain stable in seawater as f

2+

Mn and become selectively incorporated into newly

forming carbonate minerals. However, appreciable oxidat—d;lﬁvﬁgg

ion of Mn will take place under conditions cf elevated

temperatures or Mn concentrations (Figure 6 10), or ”’ddf[‘ o

high natural pH. values (Hem 1972 Raiswell and '5\”,f;, :

Brimblecombe 1977)

In oxidising environments, Mn is scavenged from'ifcf“
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Figure 6.10a; Oxidation potential - pii diagram for the system
Fe-H ,0-#,5-C0, at 298%K, 1 atm. Activity of Fe in solution 10~
g-ion/l, activity of C02,in solgtion 100 g-ion/1l, activity of
sulphur .in solution IO-Gg-ion/I. Note FeCOs'stability field is
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greatly enlarged by increase in Fe or CO2 activity. (Source:
‘Krauskopf 1979 ). Dotted arrow indicates approximate composition

-of fluids in and around the Silvermines brine pools,

Figure 6.10b;: Oxidation potential - pd diagramkfér the system
Mn-H,0-4,5-C0, at 298%, 1 atm. Activity of Mn in solution 107
g-ion/l, agtivify of COzrin solution lo-zg-ionll, activity of -
sulphur in solution |0°lg-ion/1. (Source: Krauskopf 1979).

Dotted arrow indicates approximate composition of fluids in and

1

around Silvermines brine pools,



dissolved to particulate phases throughout the water
column, and is only redissolved under suboxic conditions

(Landing and Bruland op cit). Suspended particulate Mn
oxide species settle at a much faster rate than precip-
itating colloidal phases.

At the 21°N East Pacific Rise site, the sluggish rate
of oxidation reactions within the metalliferous deposits
and overlying thermal plume, has led to development of
millimetre~thick oxide coatings mantling the sea floor
basalts up to 50 metres around the vents (Haymon and
Kastner 1981). Iron-manganese oxyhydroxide crusts of
similar origin, up to 20 kilometres distant, indicates
the exteht of areal dispersion of the slowly oxidising
hydrotheémal effluents. Precipitation of metal sulphide
at 21°N is very rapid but inefficient, as 99% of the
metal load is lost by dispersion from the rising plume
into seawater oxidised species (Goldie and Bottrill
1981). Virtually all the soluble alkali metal ions are
lost, and the base metal sulphide precipitates which
collect on the seafloor around the vents are rapidly
oxidised to form metalliferousiochres and umbers.

In a brine pool environment, the stability of manganesei
oxides will depend on how strongly reducing the bottom~
conditions are. . Shanks and Bischoff (1980) indicate*

how sulphide accumulation and development of oxide or

sulphide rich facies in the Atlantis II brine pool depends S

on the rate of brine influx and seawater mixing, and

whether or not a stratified brine pool has developed.’
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Thick oxidic zones in present sediment profiles in-
dicate prolonged deposition in oxidising conditions,
in the absence of a brine pool, more akin to process-
es acﬁing at 21°N or the Galapagos Spreading Centre
(Corliss et al 1979, Hekinian et al 1980).

These are ihterbedded with sulphide rich zones which
represent rapid influx of hot solutions, with minimal
entrainment of seawater, in periods of more strongly
reducing, brine pool conditions.

The comparative behaviour of Mn and Fe in stratified
and unstratified brine pools is described by
Danielsson et gl (1980). 1In the stratified Atlantis
II Deep, dissolved Mn concentrations are high through-
out both deeper and intermediate brine (és well as
being énriched in overlying waters), whereas dissolved
Fe is concehtrated only in the donser, lower brine.
Higher O2 concentrations inythe interﬁediate bfine
cause Fe to oxidise to FeOCH in the mixing zone.

In the unstratified Discovery Deep, initial mixing
of hydrothermal fluids and Red Sea Deep Water
(RSDW), with higher dissolved 02 concentrations
than the Atlantis II basal brine, leads to very low
dissolved Fe levels throughout.

Manganese is also,much 1ower than in Atiantié II}
althoogh higher than ih RSDW, and both eléments“‘

are precipitated onto bottom sediments as'oxidés{
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Elevated concentrations of Mn around the margins of a
brine pool will occur where overflow of hydrothermal
solutions and mixing with ambient seawater (at a pH

of about 8.5) takes place (Rona 1984). Similarly,
rising plume waters provide elevated Mn concentrations
and temperatures above the vent source, with steadily
rising pH values on mixing with seawater. These
conditions may induce rapid Mn oxidation within the
rising plume above the vents, or around the overflow
zones of a brine pool, in spite of local reducing con-
ditions within the pool or primary vent waters. This
process may have given rise to the high Mn levels in
baryte zones around the margins of the Meggen sulphidé
orebody (Gwosdz and Krebs 1977). j

At Silvermines, increased concentrations of insoluble
Mn within the deposit (Chapter 4.2.3) probably reflect
the presence of authigenic clay minerals or’feldsﬁars,

indexed by higher A1203, Si0., and K,0 'levels. It is -

2 2

unlikely that the normally sluggish oxidation of man-
ganese to form insoluble hydrokides {(and éventually
Mnoz), would proceed any more rapidly, if at.ail;’ink
the low Eh environmeht of the brine pool. Some of
theﬁinsoluble Mn may have originated by‘resettling of
suspended or particulate Mn from above, if rapid burialy
prevented its reduction into the divalent state (cf. 
Red Sea Brine Pools, Danielsson et al 1980). /

Relatively unstable or fluctuating conditions, with
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continued raising and lowering of halocline surfaces
within the brine pool are indicated by interfingering
of baryte and siderite zones in the lower (down-dip)
parts of the baryte orebody (Barrett 1975). Reworking
of baryte material by submarine debris flows also occurs
to a small extent, giving rise to small nodules or
clasts of jasperite or hematitic baryte in the pyrite
or siderite zones of the stratiform sulphide orebody.
These sometimes sport a reaction rim of pyrite, test-
ifying to their metastable existence in the more
reducing environment of the local basin.

Hematite - siderite assemblages ate not generally
found in nature because of the high partial pressures,
of Coz'required (Klein and Bricker 1977). In hematite
‘rich assemblages, carbonates are Ca-Mg rieh because

most of the iron present isin the trivalent state,

which cannot readily be housed in the carbonate struet— ;:k‘

An extensive pyrite facies overlaps both the hematitic

baryte and siderite zones in the Silvermines basin,

similar to the situation at the Lady Loretta dep031t e

~in Australia (Loudon et al 1975), .

0verflcwcnfmetal bearing solutions from the brine Pool '_ee,’ o

onto the surrounding sea floor may . have resulted in.
development of a more oxidative mineral asseciaticn
around the siderite - pyrite of the anoxic hollows. F
‘Although the development of an iron formation is G

observed at Tynagh (Schultz 1966, Russell 1875), no




direct equivalent is known close to the Silvermines
deposits. The Ballynoe baryte deposit, with strong
hematite staining and jasperoid nodules (Barrett 1975),
is perhaps the nearest equivalent where oxidised forms
of iron are present in any quantity. Barrett (op cit)
describes elevated Mn and Fe levels within the baryte
horizon and immediate hanging wall and footwall, with
out expanding on whether they are present in pyrite,
oxide or carbonate, as oxidised or reduced species.
The levels attained (a few percent) are much lower
than Tynagh Iron Formation, where maxima of over 80%
iron oxides and 79% manganese oxides are recorded

in Fe~rich and Mn-rich samples respectively (Russell
op cit).

The massive pyrite zones of the Upper G‘énd parts of
therB orebody at Silvermines, may represent the nearest
equivalent to an iron formation. A rough eStimate of
10 mt of pyrité forms these zones, to the virtual
exclusion of Mn bearing phases, except for trace or
minor quantities in carbonate clasts and mud seams.

One can speculate that more‘extensive oxidié facies
may have existed up-palaesolope from the baryte ore-
body, now removed by erosion.‘ The ébsence of réworkéd
clasts of this in the breccia zones of the ékisting |
orebody (except for rare hematitic-jasperibd hodules~
and clasts in the B zone), would tend to preclude th;s" .
suggestion; | | |

Possible oxidation of Mn and Fe around the margins of |

167



the brine pool is indicated by slight increases in

the levels of insoluble Mn and Fe in several borehole
sections through the ore horizon, beyond the economic
mineralisation (Figures 4.26 - 27). Alternatively,
these patterns may have arisen by settling of authi~-
genic clay minerals or feldspars entrained by the buoy-
ant hydrothermal fluids. The presence of visible

and K

pyrite and higher Sioz, A120 O at this part of

3 2
the succession supports this view (Figures 4.21 - 24).
A strongly hematitic facies of Waulsortian Limestone
or 'off-reef', containing a few percent of Mn and Fe
oxides, is present some 7 kilometres to the ENE of the
Silvermines orebodies (Figure 6.3). These rocks bear
strong resemblances to the Cork Red Marble (Neville
1959) and peripheral parts of the Tynagh Iron Fofmat—
ion (Schultz 1966). The origin of this occurrence of
reddened 'reef' is unclear, but three possibilities may
be considered:

1) development of an hemétitic rich facies under
oxidising conditions, reléted to the hydrothermal
emanations in the Silvermines area. This seems un-
likely due to the considerable distance befwéénrthe
two;

2) development of a similar oxide facies close to

a more local hydrothermal source, unrelated to Silver-

mines, and as yet unidentified. Minor zinc mineral-

isation has been recorded nearby (C. Morrissey, personal :‘:

communication 1981);
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3) unrelated to hydrothermal sources, and due to
eustatic phenomena such ar re-emergence and subaerial
weathering, later diagenetic dissolution under
oxidising conditions, or some other process.

The significance and origin of this hematitic facies

will be further discussed in the next chapter.
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6.3.7.Trace Metal Scavenging by Manganese and Iron

Oxides.

Manganese oxides precipitated from aqueous solutions
often contain considerable proportions of trace metal
impurities (Hem 1978). Although initial deposition
of Mn oxides is dependent mainly on chemical parameters
(such as Eh, pH, Mn supply), suitable sites for nucleat-
ion and growth are also required. There may be other
mineral phases such as clay minerals, feldspars and
oxides, which appear to have a catalytic effect on
further precipitation (Hem 1963, 1978). Bacteria may
be involved in the oxidation processes of Mn and Fe,
by concentrating ferromanganese oxides from solutions
containing only small quantities of these metals
(Mustoe 1981), and especially in the oxidation of Mn
(II) from seawater; where residence timea aré short,
of the order of a few days (Emerson et al 1982). |

Trace metal uptake is controlled by supply of individ- “
ual element species and rate of manganese oxide‘for-
mation, with rapidly precipitating oxides permitting-
a much reduced rate of metal scavenging by incorpbr-y
ating only into lattice defects (Hem op glg)w »

The availability of a wide variety of tracefmetais
around a hydrothermal céntre would ensufe a plentiful
supply of metals whose solubility hay be}influenced by
surface redox mechanisms on manganeée,oxides. In‘
‘addition, an abundant supply of'suitable and varied

catalysts (hydrothermal oxidés, feldspars, clay‘minéfr»v
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als), and possibly intense bacterial activity, will
promote a high level of Mn oxide formation. However,
the relatively rapid precipitation rate of Mn oxides
associated withthe hydrothermal exhalative sites will
most likely prevent high accumulation rates of trace
metals by scavenging. Because of this, hydrothermal
manganese deposits tend to be low in most trace metal
species (e.g. Afar Rift, Bonatti et al 1972; Santorini,
Whitehead 1973; Punta Banda, Vidal et al 1978, Gulf of
California, Lonsdale et al 1980).

Any precipitation of Mn oxides at Silvermines (e.q.
at the margins of the local basin or above the brine
pool in.a buoyant plume of hydrothermal fluid) would
have taken place at a comparatively rapid rate, because
of sudden mixing of hydrothermal solutions’with oxidis-
ing seawater. This would héve resulted in very limited
scavenging effects on trace metals. Moreover, reais—
tribution during burial and diagenesis, of the weakly
held adsorbed metals\(pdssibly into sulphide phases)
would conceal their origin.

Silver is one metal which is particulatlyistrongly
influenced by Mn oXide scavenging (Hem 1978),‘and’its
chcentratioh é:ound possibie hydfothermal vénts on
the seafloor, within the brine pool (Russell 1983, |
Taylor 1984) is suggéstive of pbssible rapid scavénging
effeqts on exhaled metals, ‘Concentrations up to 30@0,
ounces pé: tonne of ofe are recorded’from the silver- i

rich zone, mainly in argentian sulphosalts (C. Andrew,.
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personal communication 1984). Electron microprobe
analyses of material from this zone indicates around
1% Mn in dolomitic samples (R. Pattrick, personal
communication 1979), probably present within the car-
bonate structure, rather than in oxide phases. Never-
theless, in the strongly reducing bonditions of the
brine pool bottom, Mn oxide precipitation would have
been minimal, and the low solubility of Ag in reducing
conditions (Hem 1978) played a greater influence in
locating the higher concentrations around these feeder
zones, than scavenging by manganese oxides.

In contrast to Silvermines, high trace metal concen-
trations in the Tynagh Iron Formation (Russell 1972,
1975) and perhaps more indicative of some concentrat=-
ion by adsorption onto newly precipitated Mn (and Fe)

oxides, distally to the vents.

6.3.8, Sedimentary Features =- Brecciation.-

Much of the ore‘horizon and hanging wéll succession

at Silvermines is chéracterised byksevere breééiation ,
of host iithologies, néw dominétedkby dolomitsed

breccias with varying compositionlof“matrix and clas£M  N
lithology (Taylor and Andrew 1978). These may be4arg~
illaceous, sulphide-bearing, coarse or fine,graihed;

with generally very angular clast geometry, and a number
of features of turbidite aspect, including graded _ |
bedding (Graham 1970). ‘Boycé et al (1983) interpret,p

their origin in terms of sediment gravity flow mechan-
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isms, as distinct from early diagenetic or post-
depositional 'in-situ shake breccias' (Taylor and
Andrew op cit) or late-stage solution-collapse breccias

(McArdle 1978).

Sediments in the basin of ore deposition were origin-
ally soft and water saturated (contrasting with the
rapidly lithifying mudbanks elsewhere), and consequently
were readily disturbed by continued fault movements
and brine discharge to form 'density contrast' load
and slump structures, on both a large and small scale
(Boyce et al op cit). Moreover, fault movement-induced
instability led to massive downslope redistribution
of shallower water (up-scarp) material by sediment
gravity flows, in which debris flow deposition played
a major part. Localised layers of fine-gfained graded
carbonate indicate lower energy deposition by more |
fluid dominated flows, partiéularly in areas more dis-
tal to the main fault zone, towards the north (Graham
op cit). o |

Instability on the fault scarp would be initiated by
frequent tremors caused by rapid’subsidence along the
active Silvermines Fault Zone, Although very diffetent‘
in style and téctonic setting, the vents of the Gaia-
pagos spreading centre are assoéiated’with,swarms (up
to 80 per hour) of very shallow miCro-eartﬁquakes
(MacDonald and Mudie 1974). 1In addiﬁion, the vents of
the RISE field are chafacterised by shallow miérb~' "’

‘earthquakes and harmonic tremors (MacDonald et al 1980).
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Sedimentary textures in the seafloor sediments of the
Silvermines ore basin would, to some extent, be
obscured or destroyed by remobilisation and disruption
during continued venting and associated hydrothermal-
tectonic activity.

Although sedimentary gravity flows dominate much of
the ore and hanging wall lithologies, massive down-
slope reworking of sediment does not appear to have
seriously affected the spatial arrangement of host
rock lighologies on the ore horizon. The distributionk
of siderite, baryte and pyrite remain consistent with
facies control, and indicate that most of the reworking
took place after they had been deposited and preserved
in a local basin. Baryte, pyrite, siderite and massive
sulphide are displaced locally within the ore basin,
but not sufficiently to mask the original extent of
each facies. | |

Cdmposition of breccia clasts along the fault scarp

toe slope suggests that further4extensive sulphide or.
sulphate deposition did not take place upslope from the
Preserved orebodies, with the possible exception of the\
G Zone massive pyrite, which may have extended furthér
to the southwest, over the Shallee vein deposits.
This is indicated by numerous pyrite clasts occurring -
- in drill core to the west of the G Zone orebddy (s.
Taylor personal communication 1981).

The ehd result’of the sudden; massive sediment influx

| during debris flow deposition was that the localised

174



development of brine pool conditions ceased upon in-
filling of the third order.basin. Sediment influx out-
paced basin downwarping and prevented development of
strongly reducing, stagnant conditions, and inhibited
development of associated facies {(sulphide or sulphate).
Even if exhalation of metalliferous fluids continued
after deposition of the main sedimentary orebodies, no
further thick accumulation of sulphides took place
owing to rapid dispersal of metals in a more oxygenated,
turbid, sediment-dominated environment.

Submarine debris flows are a characteristic feature
of many sediment hosted base metal deposits like Silver-
mines (Russell et al 1981). Those of Tynagh (Schultz
1966, Hutchings 1979), McArthur River (Walker et al
1977) and Sullivan (Ethier et al 1977) are well describ-
ed. At Navan, massive reworking of ore material is |
highlighted by an erosion surface slump scar, which
truhcates the orebody, and appears to have rembvéd a
portion of it to a position somewhere down the palaeo-

slope (Andrew and Ashton 1982, Boyée et gi’1983).

6.3.9. Waning Stages of Hydrothermal Activity.

Weak hangihg wall enrichments of Mn, Fe and Zn at
Silvermines indicate that hydrothermal input of metals
continued after deposition ofthe stratiform‘ore}and
infilling of the bfine pool. Without the intensev
reducing conditions prevalent within the brine pool,

increased incorporation of more Mn and Fe into insol-
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uble oxide phases may have occurred, as suggested by
the ratio between acid-soluble and total Mn and Fe in
the hanging wall dolomites (Figures 4.26-29).
Alternatively, the concentration of oxidised and rel-
atively insoluble minerals may have taken place after
deposition of the carbonate rocks, during diagenesis
and recrystallisation. This idea is investigated in
Part Two of this Chapter.

The lower 1eveis and reduced areal extent of the
hanging wall enrichments, compared with those of the
ore horizon, suggest either more efficient dispersal
of exhaled metals to background levels (under more
oxidising conditions), or reduced input of trace metals
because 'of waning of the hydrothermal system.

The apparent greater vertical extent of the hanging
wall enrichments of Mn, compared to the footwall,
reflects either the differing rates of sedimentation
between the two lithologies, or a longer waning stage
of hydrothermal activity, compared to its early
development. However, the possibility of more exteh-
sive development of footwall enrichments iFigufe'4.14)}
suggests thét pre-ore hydrothermal éctivity'was at
least as long lived as the waning stages. |

In the immediate hanging wall to ﬁhe orebody, in-situ
carbonate precipitation appears to have been inhibited
by a number of factors, with the result that the
succession is particularly thin in the mine area

(Taylor and Andrew 1978). The lithologies are dominat-
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ed by allochthonous dolomite breccias, with much
stylolite formation evident. Normal, in-situ Waulsor-
tian Mudbank Limestones are absent above the Ballynoe
baryte and G Zone sulphide orebodies, only appearing
further to the north and east (Andrew 1984). The same
factors responsible for mudbank inhibition in the brine
pool environment (metal poisoning and low Eh conditions)
may have contributed to their absence in the hanging
wall. Seafloor instability and massive sediment influx
may also have been involved, combined with selective
post-depositional dissolution of certain fractions,
leaving only the dolomite and other insoluble compon=-
ents.

Ori.inal trace element leveis in the allochthonous
carbonate of the hanging wall breccias may have been
lower than local, in-situ carbonate, if the material
originated more distally from the hydrothermal site.

Chert bearing breccias, deposited during continued
instability, are followed by‘stratiform, layered cherts
and cherty limestone, originating in a more stable -
structural environment (Taylor and Andrew ggyglg);
These cherts may have been precipitated chemically by
late stage of waning hydrothermal activity (Russell
1983). The stratiform cherts are localised only in the
immediate area of fluid exhalation, directly ever- |
-lying the’stratiform sulphide and baryte»orebodies.>
Dolomitic limestones essociated with»the chert carryw

elevatedan and Fe levels (Section 4.2;1).
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6.4.1. Trace Element Incorporation into Carbonate

Rocks.

Trace elements present within a carbonate rock may
have originated in a number of ways:

i) normal precipitation from seawater at back-
ground levels according to facies constraints on Eh and
PH;

ii1) incorporation to anomalously high or low
levels via hydrothermal, terrigenous or hydrogenous
input during sedimentation;

1ii) post-depositional incorporation during re-
crystallisation, diagenesis, dolomitisation or other
means.,

The levels to which each individual trace element is
incorporated will depend on the supply and chemical
behaviour’of that element during and after‘sedimentat-‘
ion. Conditions will obviously vary between one ex-
halative site and another, whether because of differ-
ences in hydrothermal source, sedimentary facies, scale
or diagenetic history. The end result is a different
trace element pattern arouhd each centre.

Calcium carbonate precipitates chemically from waters
carrying calcium bicarbonate in solution, if;a'loss

of CO2 from solution takes place:
Ca(HCO3)2 2 CaCO3(s) + H20 + COZ'

This usually occurs at a pH‘above'7.8. as caicité

tends to dissolve at a pH lower than this,
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Many divalent ions may substitute for calcium in

the calcite structure, most commonly magnesium, with
up to 30% Mgco3 in isomorphous series. Iron, manganese
and strontium are also common, and small amounts of
barium, zinc, lead, cobalt and sodium may also replace
calcium, determined largely by dimensions of atomic

radius (Table 6.4) relative to that of Ca2+

(Milliman
1974).

Solid solution between calcite (CaCOB), dolomite
((Ca,Mg)CO3), siderite ((Fe,Mn)COB) and ankerite
((Ca,Mg,Fe,Mn)CO3) allows a more or less complete range
of compositional differences in the carbonate minerals,
with up.to 40 wt.% Feco3vor MnCO3 in iron and manganese
rich varieties (Deer et al 1971, Richter and Fuchtbauer
1978). Trace elements which are incorporated to vary-
ing degrees into calcium carbonate, will do so in bne
of the following manners: i) diadochic substitution;
ii) interstitial incorporation; iii)‘ adsorption
for unsatisfied charges; iv) filling of unoccupied
lattice positions in lattice defects in the structure
(Brand and Veizer 1980). | |
For the four main elements examined in this study
(Mn, Fe, 2Zn, Mg), diadochic substitution is quéntitét-}
ively the most iﬁportant, and the p:incipal contrqlé

in this process are outlined in ihé following pages.

M ) of a part-

The distributiqn coefficienp (kcalciten

icular traée element (M) into calcite determines the

rate of entry of that element into the calcite lattice
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Ionic species Partition Coefficient] Partition Coefficient
(Calcite) (Aragonite)

wnl* 5.4 = 1700 0.86 (+ 0.4)
Fe?* L-21

zn?? 5.2 - 57 (0.21 - 2.85)
se2t 0.055 = 0.27

Na* | 2x107° - 3x 1073

Mg®* 0.02 - 0.06

Ba’? omsioml

Table 6.5: Partition coefficients of various trace elements into CaCOs.
Source: Brand and Veizer (1980); Pingitore and Eastman (1984).

Element Common Atomic Ionic Electro- |
Ionic Weight Radius negativity
State (a)
Na T 22.99 0.95 0.9
Mg 2+ 24,32 0.66 1.2
K 1+ 39.10 1,33 0.8
Ca 2+ 40.08 0,99 1.0 |
¥n 26 5494 o.ao“' o 1.5 ’i .
| 3+ 0.66 ”
4v ' ‘ ' ‘0;60 ,
Fe 2+ 55.85 0.74 1.8
3+ : , "~ . 0.64
N 26 58 0.69 1.8
. feo 7 2+ 58.94 0.72 1.8
Cu 2+ 63.54 0.72 2.0 :
Zn 2+ 65.38 0.74 R A
St .. 2+ 87.63 - 112 00
cd 2¢ 112440 0.7 1.
Sn 2 118.69 0.93 1.8
Ba 2 137.36 - 1.34 0.9
P 2+ 207,21 1.20 1.8

Table 6.4: Ionie radii and eiectronegativities of selected cations,
from Krauskopf (1979). R :



during its growth. The partition coefficients for
entry of Mn, Fe and Zn into calcite from solution are
all greater than one (Table 6.5), meaning that all
are effectively concentrated from solution by the
precipitation of calcite. The opposite is true for
elements with a partition coefficient of less than
one (eg. Sr, Na, Mg, Ba). 1In laboratory experiments,
distribution coefficients for intake of trace metals
into CaCO3 are dependent on a number of controls
(Kitano et al 1980):

l) crystal form of carbonate precipitated;

2) precipitation rate;

3) chemical nature of the solution;

4) temperature and depth of water;

5) other controls, including chemisorption.

1) Crystal form of CaCO, precipitated.

Different levels pf trace element incorporation are‘_
accomodated by different CaCO3 polymorphs, for example,
the partition coefficient for Mn and Zn‘entry into
aragonite is much lower than for calcite (Milliman 1974,
Kitano et al op cit). | | o :

Polymorph growth is itself controlled by»numerous~‘
chemical and biological paraheters. bepth and tempera-
ture are major influences, with aregonite and hiéh—Mg
calcite typically associated with shallow shelf environ-
ments, only forming in a deep sea environmenﬁ ﬁnder‘
increased temperature or salinity. Low—Mgicalcite is

‘associated with inorganic precipitetioh iﬁ calder,
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deeper water environments (Milliman op cit, Schlager
and James 1978). Biological controls on organic pre-
cipitation of CaCO3 polymorphs vary at taxonomic level.
Chemical factors governing whether precipitation of
calcite or aragonite takes place are complex, as the
presence of certain elements tends to promote aragonite
and inhibit calcite formation, or vice versa, depending
on absolute concentration (Bathurst 1971, Milliman op
cit, Barber et al 1975).

The principal factor governing trace element entry
into Mg or Ca sites in calcite, aragonite or dolomite
at trace concentrations, is ionic radius (Kretz 1982).

2+

Elements with larger ionic radius than Ca (eg. Pb2+,

Ba2+, Sr2+) fit only into the larger calcium sites,

2+

and those smaller than Mg (eg. N12+) fit only into

the smaller magnesium sites and are therefore usually

absent in pure calcites. The entry of those cations

with ionic radius between that of Ca2+ and Mg2+

2+ 2+

(includ-
ing Mn“", Fe“’, 2n%*) is controlled by the relevant

partition coefficient (Tables 6.4, 6.5).

2) Precipitation rate.

Slower sedimentation rates increase the duratibn'of
exposure of sedimentary horizons to seawater circulat~
ion, enhancing cementation and the formation of hard-
grounds oOr crusts (Bathurst 1979), affecting also the 4
intake and fractlonatxon of trace elements. This allows greater
intake of elements w1th,part1t10n coefficients greater than one, =

and reduced intake of those with partition coefficients less than

one (Lorens.l981).
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The production and loss of CO2 from the newly forming
crystal surface is the principal rate-determining

step in CaCO3 precipitation. If slow, CO2 buildup
(and supersaturation) at the existing crystal surface
inhibits further precipitation (Dreybrodt 1981).

3) Solution chemistry.

Intake of Mn2+ and Fe2+ into carbonate phases may be

influenced by changes in Eh and/or pH via the avail-
ability in solution, of either element in the divalent
state (Meyers 1974, Krauskopf 1979). Complexing of
metallic cations with chloride or organic substances
in solution may reduce their availability to precip-
itating. carbonate minerals because of increased sol-
ubility-or lerred partition coefficients (Crockett
and Winchester 1966, Tsusue and Holland 1966). Manganese
is unaffected by either of these influences, and Mn
concentrationsvin calcite reflect more directly, the.
intensity of supply (Bodine et al 1965). |

4) Depth and temperature.

The main effect of water depth or temperature on
partition coefficients is via their influence in de~
termining which CaCO3 phasé precipitates erm that
water (Kinsman andAHollénd 1969). - Other éffects on
partitioning of Mn and Fe are minimal for the range
of temperatures and depths envisagéd for the Irish
Lower Carboniferous (Bodine et al op gig);_ |

5) Chemisorption.

In addition to coprecipitation of trace'metals,’x
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crystalline CaCO., effectively sorbs divalent ions from

3
solution, particularly when fine grain sizes are in-

volved (Bancroft et al 1977). 1Ions such as Mn2+,

Zn2+ and Ba2+ are strongly adsorbed onto CaCO3 sur-
faces, and even more strongly onto Mgco3 (MacBride
1979), effectively lowering the solubility of each
metal below the level expected for its metal carbonate
in solution.

The end result is that predicted entry of divalent
cations such as Mn2+ into CaCO3’(ca1cite or aragonite)
may be exceeded because of chemisorption by rapidly
forming lime muds. This may be espécially important
in the c¢ase of aragonitic muds, where enhancement df,k
Mn:Ca ratios in solution by the precipitating phase,
is not normally encouraged, according to partition
laws. Later redistribution of chemisorbed ions into
lattice-held Sites during bﬁrial and diagenesis would
mask their origin.

The interplay between eébh df these parameters during
sedimentafy CaCO3 deposition is summarised in'Figurej‘
6.11. | . o

Although information on primary sedimentary conditions
can be obtained, the use of experimentally derived !
partition coefficients to deduce the chemistry of
depositional fluids is adequate only in chemidally
simple solutions, a situation unlikely in nétural
systems. Cosubstitution of a variety of elemeﬁts intqu

the carbonate lattice, and microscopic heterogeneity
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facies «&— temperature

/4 CaCO3 phase—;

adsorption

distribution Initial CaCO3
precnpntatnng coefficient composition
depth—
\\\

water
precipitation

Figpure 6.11: Relationships between interacting parameters which influence direct trace element
intake into precipitating 03003 phases in the sedimentary environment. Hydrothermal input will
in turn influence virtually all of these directly or indirectly. The influence of different

organic components (at taxonomic level) may be added to the circle of controls on the left.
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in crystal composition further complicate matters,
and some caution should be exercised when making genet-
ic inferences from trace element concentrations in

precipitated calcites (Angus et al 1977).

6.4.2. Trace Element Intake into Irish Waulsortian

Limestones.

Initial mineralogical composition of the Waulsortian
mudbanks may have played an important part in deter-
mining primary intake of trace elements both near to,
and distant from, a hydrothermal centre. The environ-
ment of deposition envisaged for the growth of mud-
bank limestone is a tropical to subtropical shelf sea
(water depth at least 100 metres), Qith little or no
clastic sediment input (Wilson 1975, Bathurst 1982,
Lees and Miller 1985). 1Initial inorganic cérbonate
mud accumulation would have been dominated by aragonite
(Arag) or Mg-calcite (HMC) precipitation, mainly on |
account of the warmer water temperatures and presumed
high Mg concentrations (Schlager and James 1978, Brahd
and Veizer 1980, Bathurst op cit). Recent work has |
shown that Waulsortian carbonate mud preCipitation was
dominantly HMC in composition (J. Miller, personal
communication 1984). Visible biogenic calcium carbon-
ate input is dominated mainly by crinoid,debris (or-
iginally HMC), bryozoans (Arag, HMC) and brachibpods :
(LMC - Low Mg calcite). | ' R

A large proportion of ancient mudbank limestones now
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consists of early diagenetic or later calcite phases,
present as radiaxial fibrous mosaic and later, equant
paraxial calcite. The radiaxial fibrous mosaic is an
in-situ neomorphic alteration of an acicular precursor,
either HMC (Bathurst 1982) or aragonite (Cotter 1966), whereas
the paraxial calcite was precipitated in voids by dia-
genetic fluids. These voids (now represented by
stromatactis structures) contain internal sediment
which probably originated as inorganically precipitat-
ed HMC rosettes, on account of the uniform crystal
size and lack of fossil debris (Bathurst op cit).

This HMC internal sediment was precipitated into cav-
ities from marine waters, some time after initial mud
bank sedimentation, and predates the paraxial calcite

(Figure 6.12).

Closer to the hydrothermal centre at Silvermines, a
number of factors may have influenced CaCO3 precipiﬁa£- 
ion, favouring aragonite nucleation rather than cal=-"
cite, as a precursor to the mud of the carbonéte.
mounds. These includerelevated temperatures,{salinity.v
and metal input, especially involving é ranée of minor
and trace elements which inhibit the nucleation of cal-
cite. |

Within the immediate environs of the brine pool and
exhalative centres, calcium carbonate was unstéble,
and its deposition was inhibited by high CO2 concen= .

: trations,‘trace‘metalrpoisoning and low Eh‘conditions., 

BecauSe of this, siderite was the only in-situ car-
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bonate forming under the extreme conditions of the
basin hollows.

Beyond the confines of the brine pool, primary
enrichment of trace elements such as Mn and Fe (relat~-
ive to seawater) in carbonate sediments forming on the
surrounding seafloor, would depend to a large extent
on which Caco3 polymorph was dominant. If HMC, rapid
preferential incorporation of the elements would take
place, whereas if aragonite, this would be much less
pronounced.

With a relatively abundant and varied source of metals
increased incorporation may be expected into CaCO3
because-of cosubstitution of two or more different
cations ‘into the Ca sites, eg.‘Mn together with Sr or
Na. There is a suggestion of this being the case in
the host rocks around Tynagh (Chapter 3.3.1), where
both large and small cations occur togethef‘at increas-
ed levels, over a roughly similar area (Mn, Fe, Zn,

Sr (Na also, see Figure 6.18) up to at least 5 kilo-
metres from the deposit). B |

Local temperature and pH fluctuations werekprobably
not significant in affecting Mn intake, as the partit-i
ion coefficient for Mn into,calciﬁe is not particular-
ly sensitive to these parameters within the rangéSi  |
anticipated for subtropical shelf énvironments. Temp-
erétures high enough to influence.Mn intake would'only‘
be expected in the immediate vent areas:(where Caco3

precipitation did not appear to be taking place) or
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in the sub-surface feeder zones.

The relatively rapid growth of mudbank elsewhere on
the seafloor would have prevented strong fractionat-
ion of trace elements between CaCO3 and seawater in
the sedimentary environment. To balance this, the
fine grained nature of the rapidly forming mud may
have encouraged strong chemisorption of some trace
elements from seawater, particularly Mn and Ba
(MacBride 1979), ensuring a wide possible range of
trace element incorporation rates.

On a smaller scale, the varied sources of inorganic
and organic CaCO3 would have provided a variety of
initial;_CaCO3 polymorphs, a wide range of growth
rates, and as a result differential trace element -in-
take rates (Milliman 1974, Morrow and Mayers 1978,
Nair and Hashimi 1981). ;xﬁ this way, compositional
variations would also have arisen between the numerous‘
different components, dominated largely by metastable
aragonite and Mg calcite. 1In addition, because of |
fluctuating trace element supply levels‘(from hydro- -
thermal sources), zonation may be.eXpected within
larger crystals or biogenic components, or on‘a larger
scale between sediment layers. As'only surface equil-
ibrium is maintained between ihe ptecipitating phase
and solution, constant changes in fluid compositioh
are passed onto successive generatiohs of CaCO3 (Rai#-i
well and'Brimblecombe.1977); These anticipated in-

homogeneities within host carbonates from near to the
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mineralisation are borne out by electron microprobe
examination of polished thin sections (Figures 5.9b-p).
Suggestions that Mn and Fe concentrations in carbonate
rocks are a function of clay mineral content (Billings
and Ragland 1968), or controlled primarily by coatings
of oxide or clay minerals (Veizer 1978),‘may be applic-
able to very argillaceous limestones or dolomites,
typical of environments other than the Waulsortian.
Their proposals are not substantiated by the data
presented in Chapter 4, except perhaps, to a limited
extent in very muddy samples from the ore horizon or
hanging wall. 1In the relatively pure mudbank lime-
stones,.which constitute the bulk of the distal out=-
crop samples (averaging over 97% CaCO,, about 1%
MgCOB, and less than 0.5% 5102+A1203). most, if not
all, of the Mn and Fe is associated with the carbon-
ate fraction of the rock. )
Predicted Mn and Fe levels in calcites precipitated
in equilibrium with normal seawater (20-30°C, l.9ppbl
Mn, 3.4ppb Fe, 441ppm Ca; Turekian 1972) using avail-
able partition coefficients (Table 6.5), are 80 ppm
or less for both élements, depending on the actual‘k
value used (Michard 1968, Milliman 1974, Veizer 1977b,
Rao 1981b). Manganese and iron levels in much‘of |
the Waulsortian Mudbank Limestone well away from the.
obvious influénce of hydrothe;mal ihput, ére still
higher than the predicted levels from partition théory i

on present day seawater concentrations.
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Expected zinc contents of limestones precipitated
from normal seawater (llppm. using 2ppb Zn in sea-

2+
water (Turekian op cit) and a kZn of 5.5) are

calcite

approximately three times higher than those found in
nature (Hartree and Veizer 1982) and over twice as
high as background zinc levels in the Irish Waulsort-
ian Limestones. Measured zinc levels in Recent car-
bonate shell material are about 20 ppm (Milliman op
cit).

These observed deviations from expected concentrations
of Mn, Fe and anhay indicate either:-

1) considerable modification of seawater concentrat-
ions by.large scale hydrothermal input;

‘2) lowered Eh conditions throughout the}Waulsortian
basins, allowing increased Mn and Fe levels in sol-
ution (cf. Veizer 1977b);

3) increased trace element,incorporation because ofv
cosubstitution of more than one trace element species;
4) low or restricted depositional rates of mudbank
limestone;

5) complexing of zinc with chloride in seawater
(Tsusue and Holland 1966);

6) considerable modification of the:trace elemeﬁt
geochemistry_during diagenesis. 7 ,
Althoﬁgh‘the initial Mn:Fe ratio of thé e#haled’hydrof
thermal fluids may ha&e‘ranged widely, probabiyvdom—
inated by Fe over Mn, the principal contxois‘on the

Mn:Fe ratio in the ore environment and surrounding
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area were:-

a) precipitation of pyrite and siderite, which remov-
ed large quantities of Fe, leading to the 'export'
of more balanced quantities of both elements from the
brine pool area;

b) the carbonate-dominated geochemical environment of
the distal areas, permitting comparable behaviour of
Mn and Fe, and leading to approximately equal pro-
portions of these elements in the host rocks.

Background Mn and Fe levels are approximately similar
to one another throughout the Irish Waulsortian, al-
though some differences are observed on a regional
scale and in statistical comparison. These include
the apparent regional gradient in background levéls
(Figure 3.9) and the slight contrast in statistical
distributioh of absolute values, with Fe displaying
more extreme distribution than Mn (Figure 3.8).

The reasons for the regional variation in background
Mn and Fe levels may be due to one or more’of a‘number
of factors. These include possible differences in
water depth and bottom conditions acroés the country,
different gfowth rates of mudbanks (poésiblé faster
accumulation in the southwest), greater hydrothermal- 
input in the more enclosed part of the Waulsortian seé;
to the northeast bf the country (sufficient:fo affect
overall seawater chemistry, cf. Solomon and Walshe’
(1979b) at Rosebery), or contrasting diagenétic his4’
tories:{Gray and Russell 1984). | e v

190



The lower levels of Fe, compared with Mn, in back-
ground samples, and the higher Fe levels in anomalous
samples, may be accounted for by differences in supply
around hydrothermal sites, the slightly lower sol-
ubility of Fe, andthe slightly different partitioning
behaviour of the two elements into CaCOB.

Before accepting predictions of the primary environ-
ment of deposition from patterns of trace element
distribution around the Silvermines deposit, it should
be borne in mind that virtually ail the carbonate
rocks preserved in the mineralised zone and immediate
hanging wall are allochthonous. The exceptions are
the Stromatactis Reef Limestone which predates most of
the mineralisation, and the siderite, which hosts a
portion of it. In addition, most of the host carbon-
ate over a wider area has suffered extensive and
severe recrystallisation and/or dolomitisation.i For
thié reason, diagenetic alteratiohs have played an
important part in determining the eventual‘patterns

of trace element distribution in the Silvermines area.
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Chapter Six - Discussion and Genetic Implications.

Part Two: Post-Depositional Modification.

6.5.1. Introduction.

Lithification of a sediment involves processes which
ultimately convert a diverse array of particles into
a thermodynamically stable mineral assemblage. From
the moment a carbonate sediment is formed, interplay
between that sediment and its pore water takes place,
the rates and mechanisms of which constitute the study
of diagenesis. These processes evolve with time and
increasing burial depths, and further post-diagenetic
modification may result from physical stresses brought
about by orogenic events.

The three principal causes of diagenetic recrystall-
isation are:-

i) increasing pore pressure; ii) increasing tempera¥
ture; iii) changin§ water chemiStry; and the effects

of these on the sediment are influenced'by the physical
and chemical characteristics of the sediment involved

(Baker et al 1980).

Diagenesis of a carbonate sediment can be defined in
terms of changes in‘the chemistry, structure, texture
and mineralogy of the sediment_(Brand énd Veizer_lQSO).
The chemic¢al distribution of ninor and trace elements
in the resulting carbonate rock*is obviously of great
importance in this study, and is dependent on the
influence of all four of these parameters during dié¥

genetlc reactions.
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Minor and trace elements which substitute to varying

degrees for Ca in the calcite or dolomite lattices
(such as Mg, Sr, Fe, Mn, Pb, Zn) will all become
involved in diagenetic reactions, whether they are
present as direct diadochic substitutions, inter-
stitial substitutions, adsorbed ions, or filling latt~-
ice defects.

Pingitore (1978) proposes that the chemistry of cal-
cite during and aftér diagenesis is controlled by
several factors, including:-

1) chemistry of the original polymorph;

ii) partition coefficient for the ionic species"
concerned;

iii) openness of the water flow, or diffusion

gradient to or from the diagenetic site;

iv) ‘externally fixed chemistry of the diagenetic
£fluid;

v) non-carbonate reactions.

Obviously, the overallydegree of diaéenetic'alterat- 
ion will also determine how-much change in trace élem?'
ent chemistry takes place. It may be possible to est- .
imate the composition of the diagenetic solution by

| examining the trace element content of the diagenetic
"calcite and comparing it with the appropriate co-v
efficient. Textural preservation and original tréce:,'
element chemistry of sedimentary carbonate may survive
if some degree of isolation is maintaiﬁed ffqm the |

bulk aquifer solution during diagenesis. As in primary




trace element intake, however, the situation is rarely
so simple, and the interaction of numerous controlling
parameters must be taken into account, and care ex-
ercised, before any predictions are made concerning
the sedimentary or diagenetic environment of a part-

icular rock.

1) Initial CaCO, polymorph.

Carbonate sediments dominated by low-Mg calcite will
be subjected to less diagenetic alteration, because
of its relative stability in diagenetic fluids, com-
pared to high-Mg calcite and aragonite. They should
therefore retain much of their original chemical
characteristics (Brand and Veizer 1980, Rao 198l). On
the other hand, sediments dominated by aragonite and
high-Mg calcite are converted to more stable low-Mg
calcite during diagenesis, with resulting chemical
exchange during solution and reprecipitation, in-
volving trace elements as well as Mg.

With an aragonitic parent, because of the,volhme‘iné
crease (8%) generated by the tranformation of aragbnité
to less dense calcite, some material may be effectivelyr
lost to the system, but is normally precipitated‘local-
ly as cement (Wardlaw et al 1978). The proportion of
metastable carbonate minerals in a carbonate sediment ,‘
will determine to some éxtent, how much of thé cement»
and resulting tracé eiement'chemistry in the stabilised
- carbonate rock is locally derived, assuming open

system circulation (Veizer 1977a).
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2) Partition coefficients.

During diagenesis, the trace element content of the
initial solid phase is systematically partitioned
through a liquid into the reprecipitated phase
(Pingitore 1978). As in primary percipitation, this
partitioning of different ionic species leads to
enrichment of certain elements (eg. Mn, Fe, Zn) and
depletion of others (Sr, Na, Mg, Ba) in the resulting
phase, with a corresponding depletion or enrichment
of the remaining solution. The greater the deviation
from unity, of the partition coefficient for the
element concerned, the stronger the depletion or en-
richment for a given degree of diagenetic equilibrat-
ion with meteoric water (Table 6.5).

3) Water Flow.

- Most carbonate rocks appear to stabilise in fairly
restricted diagenetic systems, in discrete zones, on
solid-liquid interfaces. Pingitore (1982) stresses
the importance of transport of dissolved constituents
by aqueous diffusion in pore spaces much too confined’
( 100p) to permit nbrmal hydraulic flow of aquifer
solutions. Diffusive‘movement of ions in soluiidn isl
a mﬁéh slower procéss, 15 bidirectional (acdofaing to;

concentration gradients and charge balances), and

takes place by both chemical and physical means, With- o

in this regime, homeostasis is encouragedfbecause
diffusion counteracts excessive trace element buildhp

becauée of the higher gradients induced (Pinéitote
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op cit).

The 'messenger f£ilm water' is the medium through
which transfer of chemical and textural information
from dissolving to precipitating phase takes place;
in the reaction zone (Brand and Veizer 1980). This
transfer 1is controlled by the comparative rates of
dissolution, and diffusion and flow transport rates
between this film and surrounding meteoric bulk aquifer
water (or'macropore system) and the messenger film
water (or micropore system), mainly by aqueous diffus-
ion processes, will determine to a large extent, how
open the overall system will be during diagenesis
(Pingitore 1976, 1982). Thus, isolation of the micro-
pore system from the macropore system will allow pre-
servation of the original sedimentary trace element
content, an event which happens only rarely in nature
- (Al-Aasm and Veizer 1982),

Early enrichment of Mn (and Zn) would perhaps indicate
involvement of a single fluid, becoming progressively
more depleted in these elements. In this way, con- B
siderable inhomogeneity in preCipitated phases mightr
arise during closed system diagenésis; caused by fract-
ionation of elements with partition coefficients great-
er or less than one. Crystal nucleii or*distinct
early crystals would appear to be enriched in Mn and
Zn relative to later generations of overgrqwths, but -
the sediment would still retain the sémé bulk totél :

content of Mn and Zn as its aragonitic precursor.
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If the system is open, considerable enrichment of
trace elements (Mn up to 15-fold, Zn up to 5-fold),
relative to the original aragonitic parent, may take
place (Pingitore 1978).

Early enrichment of Mn during aragonite~calcite trans-
formation, involving Mn derived from the parent phase,
is termed auto-enrichment, whereas Mn derived from
an external source, under open system diagenesis, may
1eaa to alloenrichment of the transformed phase
(Pingitore op cit).

Physical properties of the carbonate sediment, such
as permeability, sorting, texture and structure, all
related to sedimentary facies, will obviously influence
fluid movement in the bulk aquifer solution, and to
the messenger film reaction zone (Brand and Veizer
1980)., |

Diffusion of dissolved material plays a role in any
of the diagenetic processes occurring in the micro-
pore system, whether mineral transformatioh, cemént
precipitation, stylolite forhation or dblomitiséfion
(Pingitore 1982).

4) Water Chemistry.

As in initial precipitation erm seéwater, changing,f
water chemistry during diagenesis will influence sec-
ondary variation in Mh and Fe cohtent; either Qia |
fluctuatingiEh conditions, or'supply of Fe(II) and
Mn(II). Those cations ﬁith only a single valence

state,(eg; Mg2+) are generally unaffected by oxidation '
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potential, and are controlled by supply alone (Meyers
1978). Unlike Mn, the Fe content of natural ground-
waters is strongly bimodal, due to the presence or
absence of sulphide (Richter and Fuchtbauerv1978).

If sulphide is present, Fe concentrations are usually
less than lppm, whereas if it is absent, Fe concentrat-
ions are usually between 20 and 300ppm.

The interactions between each of the parameters
controlling aragonite-calcite transformation during
early diagenesis are summarised in Figure 6.13.

Further modifications of a limestone under conditions
of stress, whether physical compaction, deformation,
neomorphism or solution, may take place. The last
mentioned, in particular, will involve gain or loss
of included trace elements by transportation of dié-

‘ solved ions from recrystallisation sites by interstitial -
waters.

In this study, the effects of diagenesis on trace
element composition will be considered under three
main ﬁeadings:- \

1) early diagenesis, including minerai ﬁransformation;

2) later diagenesis, including recrystallisation,
neomorphism and solution-reprecipitation'

3) pressure solution and dolomitisation (although
dolomite formation may take place at any time from

initial sedimentation onwards.
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Figure 6.13: Flow diagram illustrating the interacting parameters that control the
exchange of chemical information during avagonite - calcite transformation. Note
the importance of micropore reaction (especially diffusion processes), which are

particularly important in a relatively impermeable unit such as mudbank-type
limestones. Modified from Pingitore (1982, Figure 3). (

Figure 6.14: Simplified flow diagram illustraﬁing the principal trace element
exchange during initial diagenetic transformation of aragonite / high Mg calecite -

to low Mg calcite or dolomite. (Arag - atagonxte HMC = high Mg calcxte, MG =
low Mg calcite) ‘




6.6.1. Early Diagenesis.

The processes taking place during early diagenesis of
a carbonate sediment are dominated by transformation
of less stable polymorphs (aragonite and high-Mg cal-
cite) to more stable low-Mg calcite.

Strontium contents reveal much about the geochemical
controls operating during diagenesis of carbonate
rocks. Ancient limestones tend to have ldwer Sr con-
tents than their modern analogues because of diagenet-
ic loss, although a wide range of contents are observed,
form 50 to 1000ppm (Morrow and Mayers 1978). Several
factors, each related to depositional facies, are
responsible for this variation:-

1) primary mineralogy: original aragonite carhonate
sediments ccntain from 5000 to 10000ppm Sr (Table 6.6),
whereas sediments composed of inorganic calcite will
contain conéiderably less than this (Kinsman 1969;
Milliman 1974). These differences tend to beéomef
negated by diagenetic processes because of the greatér
stability of the latter (and‘therefbre‘réaﬁced suscept-‘”
ibility to loss) during diagenetic reCrysﬁalliéation
(Veizer and Demovic 1974); | o #

2) texturalkdifferences: différences beﬁween carbonate
rocks, in particular those affecting permeabillity, in~

fluence Sr behaviour principally by controlling the

degree of exchange between bulk meteoric solutions and

reaction zone pOre waters. Relatively closed systems'

are typified by high Sr values, and opén éystéms by
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Phase Sr (ppw)

Aragonite cement 8300
pelletoids 9000

aggregates 9150

Bryozoa 8600

High Mg calcite cement 1300
Bryozoa 2200

" Echinodermata 2050

Low Mg calcite Brachiopoda 1500

Table 6.6: Measured strontium contents of various sedimentary carbonate
components, from Milliman (1974).

Lithology n Sr (ppw)

All hanging wall 148 165
Limestones (under 3% Mg) 62 181
Dolomites (over 3% Mg) 86 153
Argillaceous dolomites 61 159
Non-argillaceous dolomites 25 140

G v e S G GeR SR e W Q-—-;—.—~~~—-:-—-—-”—."1
Siderite 2 © 60

Y I M e WED NS WS W MAn wme vew Mm e -“---.‘--r——_ﬁ-—-h
Footwall 'Muddy Reef' 21 384
oﬁtcrop samples (distal) 54 168

Table 6.7: Mean strontium contents of Silvermines host rocks (X;R.F.

aﬁalyies).

Distal outcrop samples from beyond 4 kilometres, argillaceous dolomites with
over 1% (Sio2 + A1203); n = number of samples.

Lithology n st (ppm)

Core samples, Lz Reel 10 307

Ba rich 3 515
argillaceous &4 33
non-argillaceous 23 203
Reef outcrop within 2 k., 16 276
" # . bayond 2 km. 70 166
Core samples, L‘. L3 limestones 8 277

" Table 6.8% Mean strontium contents of Tynagh host vocks (X:R.F. analyses).

',L’ and L3 limestones greyargillaceous bioclastic limestones above and -

'belowVWQulnortinn.



low values (Pingitore 1982);

3) depth and salinity: diagenesis in a fresh-water-
dominated system leads to much lower Sr contents in
limestones because of the much lower concentration
of Sr in meteoric water (Morrow and Mayers op cit).
Typical reef limestones contain from 1éss than 100 to
about 400 ppm Sr, whereas typical basinal limestones
contain from 500 to 3000 ppm Sr, because deposition of
the'latter takes place far from the influence of
fresh water, and much of the Sr is retained during
diagenesis.

As Sr is lost during transformation of metastable
phases to low-Mg calcite, successive volumes of
meteoric water will each remove some Sr, causing a
decline in the overall content within the limestones.
An estimated tens to hundreds of thouéands of pore
volumes of solution must péss through typical Shelf’
limestones to reduce their Sr content from around one
percent to less than 200ppm. This is regardless of the
number of dissolution-reprecipitation events which |
occur during the paséage of each pore volume (Morrowx

and Mayers op cit).

6.6.2, Diagenesis in Waulsortian and Equivalent

Carbonates.

At Silvermines, the original mineralogy of the car- .
bonate mudbank sediments, both close to and away

from the hydrothermal centfes,'was‘probably dominated»

200



by aragonite and high-Mg calcite (HMC) of inorganic
and organic origin, apart from some low-Mg calcite

(LMC) of biogenic origin (Section 6.4.2). On burial,
this metastable assemblage would have offered little
resistance to diagenetic modification, allowing con-
siderable release of Mg during BMC to LMC conversion.

During these reactions, widespread exchange of trace
elements (Mn, Fe, Zn, Sr, Na) between the dissolving
and réprecipitating carbonate phases and diagenetic
fluids was permitted, leading to possible major mod-
ifications of primary trace element geochemistry.

The flow of diagenetic solutions in the vicinity of
the deposit was facilitated by the heavily brecciated
footwall and hanging wall sequence. This resulted
in more intense recrystallisation and modification of
the hanging wall succession (Filion 1973), in the
same way that it focussed dolomitisation of the foot- -
wall sediments; |

The low tenors of Sr (generally below 200ppm) thrqugh- f

out the Waulsortian Limestones and equivalent rocks

~in the vicinity of the Silvermines_deposit (Table 6.7),,:

indicate the considerable diagenetic modification -
undergone by the host carbonates. Low Sr’and Mg con-
centrations (the latter generally below 1%) present
throughout the Irish Waulsortian émphasisé the wide~-
spread effects of thorough diagenetic alteration of
original sedimentary,carbonate material. 'Thié is‘iﬁ

common with similar Palaeozoic carbonate buildubs
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from elsewhere in the world, including Waulsortian-
type mudbanks in Northern England (Bathurst 1982),

The effects of diagenesis appear to be comparable
both close to, and distant from the devosit, as no
significant change is observed towards the mineral-
ised Waulsortian sequence from distal, unmineralised
mudbanks (Table 6.7). This contrasts with the situat-
ion at Tynagh, where elevated Sr levels are observed
close to the mineralisation, within about 5 kilometres
(Figure 3.22; Table 6.8).

Although generally low throughout the Silvermines
area, average Sr values remain above 100ppm, indicating
that the theoretical lower limit of Sr depletion has
not been reached (Pingitore 1982).

Higher levels of Sr are only observed in the baryte-
rich samples, where Sr eubstitutes’for Ba in BaSO4 to j
percent levels (Barrett 1975), or in the muddier parts
of the successioh, such as the footwall Muddy Reef
Limestone, or argillaceous parts of the ore horizonlv
and hanging wall dolomite breccias (Table 6.7). The
excess Sr is either held within the clayfmineral im-
purities, or a reduction in permeability of the more
argillaceous limestones has inhibited normal diagenetic
fluid circulation, resulting in reduced interchange:
between*fluid and sediment, with corresponding retent-y
ion of Sr in carbonate 1attice sites. R

Any inhibiticn of the normal processes of Mn and Fe |

enrichment, during diagenesis of the same muddy,sed~~.‘
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iments, may have been balanced out or masked by
initially higher input from hydrothermal sources.

In effect, the argillaceous limestone units were
subjected to a less open diagenetic system than the
rest of the sequence, with more limited fluid cir-
culation, and resulting trace element interchange
(Pingitore op cit). Visible modification of these
units, in the form of recrystallisation or dolomit-
isation, is less intense as a result. Slightly lower
Sr walues are observed in the hanging wall dolomites
(Table 6.7), and a weak negative correlation is noted
between Mg and Sr, compared with a strong positive
correlation between Ca.and Sr. Such a reduction in
the Sr content of the dolomites is to be expected sincei
fewer Ca lattice sites are available for substitution
by Sr, as well as the greater degree of recrystallisat-
ion suffered by the dolomite during diagenetic fluid
interchange. A number of analyses indicate comparable
weak depletions of Ce and La in the dolcmites (Table N
6.12), elements which would similarly tend to occupy
only the Ca sitee. The strontiuchontent of the sider-
itic samples, likewise is very low (Table 6.7) because
of the reduction in available Ca lattice sites.

Strontium is generally enriched in hydrothermal sole
utions (Barnes 198l), yet in the host rocks surrounding -
the Silvermines exhalative centre (excluding the | o
stratiform baryte) it shows no indication of increased

primary intake into contemporaneous sediments;;instead,

203



weak depletions of the element are observed in the
dolomitic host rocks. This suggests that diagenetic
controls are more important than hydrothermal input,
in influencing the overall distribution of the element.
One problem arising here is: how much of this is

also true for the other elements involved in both
primary hydrothermal intake and diagenetic reactions,
such as Mn and Fé ?

At Tynagh, enrichments of Sr are detectable up to

5 kilometres from the hydrothermal centre, in Waul-
sortian carbonates (Figure 3.22). This would suggest
that direct incorporation of exhaled Sr has occurred
into newly forming carbonate sediments (perhaps co-
substituting with Mn and Fe) around the vents. Alter-
natively, restricted circulation of fluids, brought
about by the increased argillaceous content of the-,‘
host mudbanks 1oca11y around the deposit, has reduced
the degree of Sr depletion during diagenesis. As the:
extent of argillaceous impurity, indexed by anomalous.
Al,0, content (Russell 1975) is much less widespread
than the 5 kilometre-radius Sr enrichments, the 1attef
argument seems 1éss,likely. o
Anomalously high Sr contents recorded inbhostVWaulfi
sortian micrites from the Ballinalack deposit'(Daly :
~and Williams 1982) are suggestive of a hydrothéfmal
influence on geochemical distribution, as no visible
argillacéous impurity is present‘in the limésténés

locally.
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6.6.3. Fluid Composition.

On the basis of fluid inclusion evidence, Samson
(1983) proposes the involvement of at least three
fluid components in the history of the Silvermines
host rocks. These are the hydrothermal fluid, modif-
ied sea water, and a third, possibly meteoric compon-
ent, of uncertain origin or composition. The generally
low Sr contents in the Waulsortian mudbanks arouﬁd
the Silvermines imply continued involvement of large
volumes of circulating waters during diagenetic react-
ions (Morrow and Mayers 1980). A number of possible
local contributary sources may be considered for these
waters.

Initially, connate waters (originally‘seawatér) may
have been released from clay minerals and carbonate
grains in the reworked debris flow material, in the
manner suggested by Bathurst (1979). These waters may
have been modified locally by dewatering of sulphide
muds and gels, producing a high salinity and anomalous
trace element concentration during early diagehesis.
| Cdntinued upward percolation of hydrothermal waters
from the steadily weakening hydrothermal system took

place, with entrainment of overlying brine pool or sea-

waters, so providing a continued source of trace elem-

.ent rich ground waters.
Later circulation of post-hydrothermai, marine or .
meteoric waters through the base metal sulphidé-bearing

sediments resﬁlted in local modification of trace
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element content of the diagenetic fluids. Any re-
duction in Eh or pH of the modified solutions would
have resulted in increased dissolution of carbonate

and increased trace element levels, whereas the
presence of appreciable sulphide in solution would

have considerably reduced the mobility of iron and
zinc. The widespread occurrence of disseminated pyrite
(and minor sphalerite) in the hanging wall suggests
that sulphide was a significant component of the
diagenetic fluids at some stage, possibly because of

intense bacteriogenic sulphate reduction.,

6.6.4. Redistribution of the Elements.

On a microscopic scale, irregular trace element
distribution within the carbonate rocks may either
have been accentuated or homogenised during diégehetici
reactions. Martin and Zeegers:(l969) document micfo-
scopic imhomogeneities in similar rock types from
Belgium, which arise during diagenésis, pafticularly
alongkmatrix-bioclast’contacts (manifested by con-
centrations of manganese), and in dolomite grains.'

Relatively restricted diagenetié‘fluid cifcﬁlation
gives rise to later generations of calcite with | |
different trace element contents than earlier ones,
because of constant removal of certaih speciles (Mn,_
Fe) and buildup of others (Sr, Mg) in the sblution,
through time-(Pingitdre 1978). Such closed syétem7 '

transformation of unstable high-Mg calcite (HMC)
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phases may have led to the growth of late dolomite
crystals (as described by Bathurst (1982) in similar
rock types), because of local buildup of Mg in a

finite reservoir (Nair and Hashimi 1981). Much of

the trace element inhomogeneities observed in electron
microprobe traverses of Silvermines host rocks (Figures
5.9b-p) may have arisen because of continuous buildups
of depletions of each element in the diagenetic fluid,
rather than continually fluctuating external suvply
levels.

Some of the later generation, Fe rich calcites present
in small quantities at Silvermines (Figures 5.9j,1) and
Ballinalack (Jones and Bradfer 1982) may have been
generated by recrystallisation of HMC under lowered Eh
conditions, in the absence of significant sulphide
concentrations (Richter and Fuchtbauer 1978).

On the other hand, more open system diagenetic cir-
culation in the less muddy parts of the succession led‘
to 'smoothing out' or homogenising of originalkmicro- |
scopic inhomogeneities developedxduring sedimentatioh.
In this way, tracé element inhomogéneities caused by 
discrete inclusions of impuritycation’phases (Angus
et al 1977), reworked dolomite, siderite or calcite - 
grains, or zonation caused by vafiable growth rates and
supply, may all become dispersed or 'smeared' (Morrow
and Mayers 1978). \The end result is‘a génetal enhaﬁcef
ment of primary enrichments of Mn and Fe, aﬁd loss df |

Sr (and Mg).
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Once the transformation of a metastable assemblage
to a stableone is achieved, porosity is often much
reduced, and the rate at which diagenetic alteration
or exchange takes place is also considerably reduced.
Because of this, chemical changes that take place
from original sediment to final product are ascribed
principally to the early stages of diagenesis

(Veizer 1977a).
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6.7.1. Later Diagenesis.

By later stages of diagenesis, a large proportion of
the originally metastable sedimentary carbonate would
have undergone recrystallisation to more stable forms,
unless some degree of isolation from meteoric sol-
utions was maintained. As in earlier diagenetic react-
ions, low-Mg calcite (LMC) is only slightly altered by
diagenesis compared with other phases, because of its
relative stability in meteoric water.

With a reduction in porosity caused by growth of early
diagenetic calcite cement, much greater reliance is
placed on the processes of diffusion, for chemical
transfer between the reaction zone and the aquifer sol-
ution during later diagenetic reactions-(Pingitore
1982).

The only parameters which affect diffusioh to‘aﬁy
great extent (ie. those which vary by an order of
magnitude) are: i) aquifer flow rate; ii) pore path
and geometry (between reaction zone and aquifer);

iii) external ion sources; iv)'concentration'gradients

(Pingitore op cit). The first two parameters are
largely facies dependent, reflecting sorting,‘mud con-
tent and degree of compaction, which in turn’affecﬁ .
water movement‘through the sediment. Thus, in a com~-
pact lime mud or biomicrite of low permeability (euch
as the Waulsortian Mudbank Limestcne), diffusion maye
become the principal transfer mechanism in the aquifer,'e

physical flow being all but prevented.
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The influence of temperature will become significant
at greater depths of burial, improving diffusion rates
and creating more efficient intake or expulsion
of trace element species during diagenesis. Co-
efficients of diffusion between individual ionic
species do not show such great variations to be of
any real significance in determining their relative
behaviour (Pingitore op cit). The influence of out~

ward diffusion of CO, from crystal surfaces in the

2
initial precipitation of calcite is recalled here,

being the principal factor governing crystal growth.
‘rate (Dreybrodt 1981).

Concentration gradients of different strengths and
directions may give rise to differing movemeﬁts of

one trace element relative to another, with the possible
result that the system may be effectivély open for - |
one element and closed for another. This may be
especially the case if widely differing partition co-
efficients are involved for each species; therefore

invalidating the examination of single trace elements

to determine diagenetic history.

6.7.2.' Texture and Neomorphism.:

The degree of diagenetic enrichment or depletioh o£
trace metals is also a fuhctioﬁ of the’téxture'of the
original sediment, since for e#ample,,a pdréus, well
‘sorted biosparite will allow a>greater propbrtionkof

meteoric exchange than a pure micrite, for a given
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sample volume. Brand and Veizer (1980) show that
physical evolution of carbonate components of a lime-
stone (micrite - microspar - pseudospar - sparite, in
advancing textural maturity) may be accompanied by
concomitant changes in trace element concentrations,
especially stontium depletion and manganese enrich-
ment.

Comparison of Mn and Fe data from a limited number
of samples of different textural composition and
facies, from a single locality (Ballybeg Quarry, see
Philcox 1967), reveals that textural differences are
accompanied by geochemical contrasts (Figure 6.15).
Analyses for Sr were not performed on these’samples.

Of note is the fact that the bryozoan facies (dom-
inated essentially by later generations Qf sparitic
calcite) contains much lower Fe tenors than’the cal-
cilutite ('off-reef') facies from which it was probably
derived (mainly micritic mud, see sectiqn 6.4.2.).

It is important to note that manganese levels are
relatively unchanged, in apparent contradiction to
Brand and Veizer (op cit), in the texturaliy ‘méturé“
limestone. ‘

Along similar lines, electron microprobe anaiyses of
a sparry} recrystallised halo around a fine-grained
dolomitic clast in the Silvermines hoét‘rock breccias,
indicate markedly reduced Mn and Fe levels; compared
to the parént dolomitic matfix (Figures 5.,9d). This-

suggests that textural maturity is not always accompan-
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Figure 6.15: Manganese and iron contents of various components of the carbonate sequence at -

Ballybeg Quarry, County Cork (see Philcox 1965). Note the two very4dif£ereht calcilutite
components: one (unfilled squares) from the north and west faces of the quarry, with low

values of both elements; the other, from the south face of the quarry,'with higher values
of each, The latter calcilutites are associated with the Red Marble facies in the same
part of the quarry (filled squares). Note also logarithmic scales.



ied by predicted geochemical changes, and many other
controls may influence the redistribution of certain

trace elements.

6.7.3. Trace Element Sinks.

Remobilisation of trace elements by diagenetic fluids,
from whatever source, and migration into overlying
zones of mineral transformation and recrystallisation
(or even onto the sediment-water interface), may
have resulted in the development of secondary or
diagenetic patterns with apparent primary aspect.
Median values of (Mn+Fe)/2 in the hanging wall dol-
omites at Silvermines are 570ppm, Compared to less
than 200ppm in the corresponding limestones (Table 6.9).
Although several generations of dolomite are present:
(see Section 6.9.3), these figures Suggést‘that pre-
ferential relocation of Mn and Fe has occurred into
the dolomites, where both metals readily‘subsﬁitute for
Mg, as well as for Ca. Strontium, on thé other hand,
only enters the Ca sites, and is therefore present at
lower levels in the dolomitic samples (Table 6.8).

The openness of the overall diagenetiéysystem a£
Silvermines haé probably led to a‘net géin‘of Mn and Fe,
and loss of Ca, Sr and Na in the resultino dolomite
and calcite, involving external sources and sinks.

Thus the net import of Mn and Fe resulted in alloen-
richments df thése eiements in the host diageneﬁic ¢ér¥

bonate; whereas the net removal of Sr, Na and Ca is

“2]2‘ .



Mean Values (ppm)
Lithology (n) (Mn+Fe)/2 Mn Fe
All samples 75 545 428 662
Limestone samples | 24 173 193 153
(under 3% Mg)
Dolomitic samples | 5l 120 538 902
(over 3% Mg)

Median (Mn+Fe)/2 Values (ppm)
Lithology (n) Upper Hanging All Hanging
‘ Wall Wall
All samples 161 450 582
Limestone samples 47 170 240
(under 3% Mg)
Dolomitic samples | 114 570 140
(under 3% Mg)

Table 6.9a: Mean and median values of manganese and iron in the Silvermines
hanging wall carbonates. Upper hanging wall is over 30 metres (100 ft.)
above the top of the ore horizon. Median values are of (Mn+Fe)/2 only.

Median zinc values (ppum)
Lithology (n) AA. (n) X.R.F.
Core Samples 426 3 150 88
Outcrop Samples | 291 (5.4) 48 12,5
Core aﬁd Outcrop 117 - 14 198 . 48
Samples ‘ .
I BN RENNNEENNENERXERS ] "..l.'..‘..C"...'.'.'0."..'..'....
All Hanging Wall 164 24 81 50
Samples .
Upper Hanging Wall 76 (5.8) 58 18
Samples
Borehole 77/36/1 41 (5.4) no. 25
(@ 2.5 km distant) ) '

- Table 6.9b: Median zinc values in Silvermines host rocks, comparing
analytical results for both Atomic Absorption (A.A.) and X-Ray Fluorescence -
(X.R.F.) techniques. Upper hanging wall is over 30 metres (100 ft,) above.

the top of the ore horizon. Note much higher recorded values for X.R.F.
analysis. :



expressed in allodepletions of these elements in the
same rocks. In addition, locally derived cement and
trace elements involved in small scale redistribution
and selective partitioning, formed autoenrichments
which enhanced the original sedimentary levels of Mn
and Fe in the hanging wall carbonates, albeit only
locally into late diagenetic phases.

Following on from initial aragonite - calcite trans-
formation, increases in Mn (and Zn) during this second
cycle of autoenrichment may result in very high con-
tents of these cations, especially manganese. Although
a 100-fold increase for Mn is theoretically possible,
a massive volume reduction would be required for this
to happen, inversely related to the amount of Mn
enrichment (Meyers 1974).

The diagenetic redistributioncﬁ?magnesium may have
involved both overall loss to the system, and local
net gains, with conservation through volume reduction,
and introduction from external sources (eg. seawatér).  
 These processes, and the resulting genefatidn of )
'pseudoﬁrimary' trace'element‘enrichmentS‘aie disCuésed

in Section 6.9.
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6.8.1. zinc.

Background zinc concentrations associated with the
carbonate fraction of Waulsortian Limestones through-
out Ireland remain below 10 ppm, lower than predicted
values from partition theory (11 ppm or more, Hartree
and Veizer 1982), and less than half that of Recent car-
bonate shell material (average 20 ppm Milliman 1974).
From this we may infer four possibilities:

' i) lower than normal levels of zinc were present
in Carboniferous seawater;

ii) higher salinities encouraged zinc complexing
with chloride, rather than entry into the carbonate
phase (Tsusue and Holland 1966);

iii) precipitation of aragonite rather than calcite
reduced zinc intak’e to around one twentieth of the
normalvlevel (Kitano et al 1968); |

iv) depletion of zinc has occurred during diagenesis
(Morrow and Mayers 1978), in contradiction to the
theoretical enhancement predicted by Pingitore (1978). .

Low observed zinc contents beyond the immediate hahg-‘_
ing wall aureole at Silvermines may be attributed to
any of the above factors. '

Most of the enriched zinc present in the Silvermines
hanging wall carbonates (Table 6.9b) bccurs as relativ-
ly insoluble, finely dispersed sulphide phases,jrather1
than incorporated into the carbonate lattice structures.
In spite of anticipated.highzinc contents of seawater

locally around the brine pools, high salinities, lowered
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Eh conditions, and high sulphide activities led to

very low levels of zinc incorporation into sedimentary
carbonate minerals, most of the zinc being precipitated
as sphalerite.

Continued low Eh conditions and high (bacterial) sul-
phide activity during diagenesis would have led to any
zinc in diagenetic solutions being incorporated into
ZnS phases. Alternatively, diagenetic redistribution
may have served to reduce patchy enrichments to back-
ground levels throughout the mudbanks by ‘'smearing'
or diluting the zinc during solution-reprecipitation
events (Morrow and Mayers 1978). The same process
would lead to more continuous, apparently primary en-
richments with greater areal expression, if sufficient
zinc was mobilised to permit adjusted levels to remain
above background.

In the Navan deposit, Kucha and Weiczorek (1984) pro-
pose that the bulk of the sedimentary metal component
was deposited as metastable base metal carbonate coﬁ~
Plexes, in a well oxidised intertidal environment, in
the virtual absence of sulbhide. Bacteriogenic con-
version to sulphide minerals took place from early
‘diagenesis onwards, with associated volume reduction.

A relatively complex explanation such as fhis is not
required for the bulk of the Silvermines stratiform °
ore, because: ;

1) in-situ carbonate is relatiQely 1acking;

2) a brine podl was developed;

215



3) sulphide was relatively abundant in the brine
pool;

4) there appears to be little or no evidence for
base metal rich carbonates.

However, pre-main ore phase deposition of iron and
zinc~rich siderite under low Eh conditions, in the
relative absence of sulphide, may have been obliterated
by reaction with sulphide-bearing diagenetic solutions
to yield the existing ZnS rich siderite zone, immediat-

ely below the B Zone orebody.

6.8.2. Sodium.

The ionic radius of Na® and Ca2+ in six-=fold coordin-
ation (0.97R and 0.99R respectively), are sufficiently
comparable to expect substitution of tﬁe former for
the latter in CaCO3, in spite of the charée differencé.
Suggestions on the position occupied by Na,ocburring
in carbonate minerals fall into one or more of the
following categories:' _

l) carbonate lattice substitutions, in which‘the 
charge imbalance is accouhted/for by cosubstitution of
hydroxide orrbicarbonatebfadiééls‘for carbbnate 7 
(Billings and Ragland 1968, Land and Hoops 1973), or
accompanying trivalent cations and/or anion lattice
vacancies (White 1977);

2) association of Na with non-carbonate materiais,
either solidvimpuritiés sﬁch as clay minerals}(Veizer; 

et al 1977), or contamination;by interstitial saline
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inclusions (Land and Hoops op cit, Ragland et al 1979);

3) adsorption onto crystal surfaces, possibly as
hydrate complexes (Mirsal and Zankl 1979, Ragland et
al op cit).

A combination to two or more of these factors may be
responsible, depending on the nature of the host car-
bonate rock.

Sodium concentrations in carbonates are most likely
linked to the diagenetic history of the host rock,
which modifies original sedimentary characteristics
determined by palaeosalinity and facies control (Land
and Hoops 1973, Veizer et al 1977, Ogorelic and Rothe
1979).

Under diagenesis, Na behaves in similar fashion to Sr,
| being concentrated in the diagenetic solution}relative
to precipitating calcite phases (Brand and Veizer 1980).
As a result, concentrations are generally lower in
rocks which have undergone severe diagenetic recrystél—
lisation, and a reduction in Na content by an.order of
magnitude is observed inancient catbonates compared
to Recent sediments (Veizer et al op cit). |

If partiﬁioned into carbonate iattices according’to
theoretical constraints, genetic inferences could be
made from Na concentrations in carbonate rocks, provid-~
ed that the lattice-bound Na could be diétinguished‘
from Na trapped or adsorbed onto mineral surfaces.

Contra;y to expectation frdm partition theory,.hanging o

wall dolomites at Silvermines contain higher Na con=-
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centrations than undolomitised mudbank samples (cf. Sr
levels), although a considerable overlap exists

(Figure 6.16, Table 6.10). This is more in agreement
with the work of Ogorelic and Rothe (1979), who record
higher Na concentrations in dolostones over limestoneé.
Sodium levels in the dolomites may therefore have either
been increased by greater primary or diagenetic input,
or normal diagenetic depletion of the element has been
inhibited in some way.

The contrasting behaviour of Na and Sr suggests that
diagenetic recrystallisation was not the only controll-
ing factor in determining their final concentrations.

The slightly increased Na levels may be linked to
primary dolomite formation in a strongly saline environ-
ment, or dolomitisation of the hanging wall sequence |
took place in the presence of very saline diagenetic
fluids.

A weak correlation between Mn, Fe and Na in hbst-~
Waulsortian and equivalent limestones and dolomités :
(Figure 6.16) is also suggestive of a link betwéén |
increased saiinity and trace element supply, involving
a hydrothermal input of two, or perhaps three of these
~ components. The existence of é'sihilar correlation'4
between Mn, Fe and Na away from any obvious hydrother*lk
mal source (Tralee area, Figure 6.19), is perhaps in-
dicative of the influence of trace element cosubstitutf,
ion. In‘this way, increased intake of one elemeht

(or group of elements) has led to higher}intake of the
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other, although why this should happen in some samples
and not in others still requires explanation.

An alternative suggestion involves clay mineral im-
purities (possibly also of hydrothermal origin) account-
ing for the anomalous Na concentrations within the
domain of elevated trace element supply. Visible
anomalous clay mineral impurities in mudbank limes-
tones around the Tynagh deposit may thus account dir-
ectly for enriched Na levels encountered there (Figure
6.18). More likely, the elevated Na (and Sr) contents
arose indirectly via the inhibition of diagenetic
circulation, caused by the more impermeable nature of
the argillaceous mudbanks. No data was obtained to
allow the direct comparison of Na withrA1203 contents
at Tynagh, but no direct correlation is obserﬁed between
these two elements at Silvermines (Figure 6.17).

Higher Na levels are recorded in mudbank limestoneé
around Ballinalack, relative to those (undolomitised)
from Silvermines, although not as high as Silvermines
doloﬁites (Table 6.10). Daly and Williamé (1982)iaiso
record anomaloﬁsly high Na in micrites‘from Béllinaiéck,
compared to other areas. This may indicate possibly
higher salinities presiding locélly around Ballinalaék,:
as no visible clay mineral impurities are observed in
the host rocks. Limited data from nearby Keel and
Ballymore (see Chapter 3.4.3) also suggestive of a
vague correlation between (Mn+Fe)/2 and Na levelé

(Figure 6.20), with higher values associated with
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samples from near the Keel deposit (Table 6.10).

Comparison of Na contents from sample batches (distal
samples only) from a number of areas throughout Ireland,
reveals that a vague regional gradient of increasing
Na from southwest to northeast may be present (Figure
6.21). This parallels the increase in background Mn
and Fe values in the same direction (Gray and Russell
1984).

Any regional gradient or local enrichments developed
close to individual deposits may reflect the direct or
indirect influence of one or more of the following 
controls on the final trace element geochemistry:
salinity of sea- or diagenetic waters; cosubstitution
of a number of trace elements; the presence of clay
minerals in the host rocks; and hydrothermal processes

on a local or regional scale,

6.8.3. Hydrocarbons.

'Pyrobitumen; 6ccurs as an aécéssory minéral in Wéul—
sortian Mudbank Limestones and associated‘dark basinal
limestone faciés throughbut much of central Ireland;  
possibly a relict of larger quantities of hydrocarbon
(Morrissey 1972)., Small amounts were’obserﬁed’during
sampling §f drill core and Outcroé in thé‘Bailinéiaék:
area, in apparent close association with iate Stagé
dolomite, in vuggy infillings of primary and‘secondary n
cavities within the mudbank 1imé$tbne (Jonéé and Brédfer

1982),
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Figure 6.21: Regional variation in mean Na content of distal Waulsortian Limestone
samples from throughout south and central Ireland.

mean
: . Na content

location description n) (ppm)

& Silvermines all core 97 134

dolomitic core 58 151

limestone core 39 109

Muddy Reef 18 103

all outcrop 62 82

b Tynagh all samples 2 137
mine area . (1sh km) 7 - 164

proximal ~ - (4.9 km) 7 , 135

distal G377 |

Lough Derg  (1S.1 km}l| 71

¢ Trales ; . 20 177
Ballyvergin proximal . 10 127 -

distal ) B L 105

Ballinalack. = core 131 RN &

Ballymore-Athlone ‘ 20 119

Keel 10 143

Ballymore 10 es

Table 6,10: ueah Na content of Waulsortian and equivalent carbonates from Tynagh,
S— , .
‘Silvermines and other areas. Dolomite samples = over J% Mg.



Radke and Mathis (1980) suggest a common link between
coexisting pyrobitumen and late stage 'saddle' dolomite

in Mississippi-Valley type deposits, involving late
epigenetic formation of sulphide by sulphate reduction

and precipitation from a highly saline solution.

Morrissey (op cit) notes the occurrence of pyrobitumen

at Tynagh, apparently of early diagenetic origin,
principally hosted in late stage calcite veinlets, and
elsewhere in common association with coarse epigenetic
dolomite. However, no obvious relationship is observed
between the occurrences of this hydrocarbon and the

location of mineralisation, and he concludes that it

is of no use as a guide in mineral exploration in

Ireland.

Of more relevance in this study, is the possible

effects of hydrocarbon during'diageneSie, whi¢h cen‘
match those of high clay content in argillaeeous limeée
stenes, slowingdown_selution-repreeipitation::ateeand

~ acting as a permeability barrier (Mor:ow and Mayereu

1978). This reeults in accuﬁulations ef hydrecarbon e
being associated with relatively high Sr contents in
limestones, provided that the 1ntroduction of hydrocarbon ~;
preceded extensive diagenesis (Bathurst 1979) (U
| - Elevated values of Sr at both Tynagh (Figure 3 22) |
and Ballinalack (Table 6,10; also Daly and Williams b .
1982) in apparent close association with the occurrenCe‘t:e,?
of pyrobitumen, may indicate a genetic link between o

"the two. Decreased permeability, brought;about by;theyeff[ f




presence of hydrocarbon, led to the inhibition of normal

Sr depletion during diagenetic reactions.

At Tynagh, the influence of visible argillaceous

impurities (Chapter 3.3.1) is more likely to have been

the major cause of the anomalous Sr, whereas at Ballina-
lack, although visible argillaceous impurities are not
characteristic of the mudbanks, higher contents of Na,

Sc, Fe and Rb (Daly and Williams 1982) may indicate

their presence.

The presence of hydrocarbon may have compounded the

effect of clay mineral impurities on diagenetic cir- |
culation at one or both of these’locations. |

_Recent work by Carter and Cazalet (1984) has found

a strong link between mineralisation and trace quantitiesw
of hydrocarbon around the Tynagh, Silvermines, Navan

and Mallow deposits. Haloes.Of increased‘methane,pro-,
portions, relative to heavier hydrocarbons, are‘best_{,i
developed around the larger deposits, extending’pefhapsaef

5 kilometres or ‘more, seemingly irrespective of rock |

type. Although unclear, their origin appears to be re-
‘lated to the circulation of hydrothermal fluids assoc»flfclhi
»iated with the emplacement of the deposits. However,’ees\l’l
the concentration levels of these trace amounts of « i
hydrocarbon range from 100 ppb to 10, OOO pob, and at -

such levels would have limited effects on diagenetic';:c>l

reactions and trace element redistribution.‘v




6.9.1., Pressure Solution.

During lithification, reduction of rock porosity takes
place by compaction, deformation and dissolution-re=-
precipitation reactions, leading to pressure sclution.
Pressure solution may manifest itself by sutured or non-
sutured seams, or pervasive ncn-seam solution (Wanless
1979).

A stylolite is defined as "any zone of relatively
insoluble residue against which the original fabric el-
ements of the rock are truncated by removal, rather
than offset" (Geiser and Sansone 198l1). Stylolites may
be sutured (typically in rocks with less than 10% of
insoluble materials) or undulose with branched term-
inations, typically in rocks with higher proportions
(over 20%) of insolubles (Geiser ana Sansone op gig);
The former are typical of those seen in the Waulsortian
mudbanks, whereas the latter are typically encountered
in argillzceous footwall sediments (Muddy Reef Lime~
stone and Muddy Limestone) at Silvermines.

Clearly any selective removal of constituent components
of a carbonate rock will reSult'inia readjustment of?thek
overall trace eiement compcsition. An aseofﬁment’cf:
factors may control the degree and style of any stylclite
development in carbonate rocks. Fcr example, the
location of solution surfaces may be defined by pre-
existing structures, and growth catalysed by the pres~c
ence of clay minerals in impure limestones (Wanless op

cit). Clay minerals may induce or accelerate stylolite‘
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growth by a number of physical or chemical processes

(Weyl 1959, deBoer 1977, Robin 1978, Baker et al 1980).
Sediment grain size is also critical, as is solution
chemistry, which may cause accelerated loss of material
to solution, either through elevated Mg concentrations
or lowered Eh and/or increased salinity (Negebauer 1974,
Wanless op cit, Baker et al op cit).

Stylolites are relatively abundant in the hanging wall
carbonate sequence at Silvermines. Their presence was
observed when sampling core and outcrop or underground
exposures. They are present as:

i) sutured seams in mudbank limestones, especially
the footwall Stromatactis Reef Limestone, both as thick
(over lmm) and thin, wispy seams; ‘

ii) wispy or sutured seams in dolomite and 1ime~
stone breccias, both within the clasts and the matrix
(where they are also present as pervasive, thin-seam
stylolites), and especially along the clast boundaries;

iii) thickly interwoven networks, sufficiently ab-
undant in parts of the hanging wall to give the appear- :
ance of a breccia.

In addition, both the sidérite of thé,B Zone, and the
red marble facies occurring severaltkilometres’to thé
northeast (Figure‘6,3) are heavily sutured by styiolite
networks, the latter also to the extént thét‘it appeats .
to be brecciated. |

The majority of the stylolite seams in the Silvermines

area, particularly in the autochthonous mudbank lime~’
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stones, are more or less sub-parallel to the bedding
(R. Larter, personal communication 1982). This reflects
the influence of lithostatic loading, initiated at, or
catalysed by, vague bedding planes in the mudbank sed-
iments, with little or no horizontal stress compontent.
During mudbank deposition, the presence of pore waters
of extreme composition (eg. elevated Mg concentrations
or salinities from overlying ponded brines, or lowered
Eh or pH and increased metal content from continued
kpercolation of hydrothermal fluids) may have led to
rapid initiation of solution processes from early -
‘diagenesis onwards (cf. Geiser and Sansone 1981).,
- During pressure soluticn, dissolved constituents were
either reprecipitated 1ocally as cement and in veinlets'
(Rispoli 1981), or transported away and effectively 1ost
to the system. The sizable overall reduction of the .
'sequence at Silvermines suggests 1arge scale removal of
'some components under open system diagenesis,_vThis~ |
‘removal (of mainly carbonate material) was accempaniedd

by continued fractionation of trace elements;’especiellyd;’

loss of Sr{iand Possibly also:by‘concemitantdfetention 7”'}"

of Mn'and’Fe. Fractionation would have been less pro—
nounced in those units where decreased permeability was |

brought about by’ higher mud contents.

The higher Mn and Fe contents of many veinlets in the 5kfjs

‘Waulsortian equivalent carbonates (Figures 5. 9b~p)

suggest either 1owered Eh conditions in the diagenetic

fluids (and increased supply of Mn and Fe),,or,selectiveefiff




removal of Mn and Fe rich phases during solution pro-

cesses.,

6.9.2. Volume Reduction.

The open system loss of dissolved constituents has
resulted in an overall reduction in volume of the car-
bonate sequence at Silvermines. Comparison of the thick-
ness of Waulsortian mudbank sequence in the centre of
the nearby basins, with the Waulsortian equivalent seq-
uence adjacent to the Silvermines Fault is made in
Figure 6.22. Total estimated thickness of approximately
400 metres is present in higher ground near the town
of Nenagh (BrUck 1982), and similar observed thickness
(up to 370 metres) are present in borehole intersections
(Cl, C2) some 5 kilometres to the east of the mine.

In the Silvermines section, however, less than 100 metres
of largely allochthonous material is recorded above
the‘upper G Zone orebody (Taylo: and Andrew_1978).

This thickness increases northwards and eastwérds from
the mine, with correspbnding increase in propértions of
in-situ mudbank, relative to dolomite breccias. As the o
upper G Zone lies adjacent to thé Silvermines Fault at
the poiht of ﬁaximum syndepositiOnal thrbw‘(Russéliyl979)ﬁ
thickness increases would be expected locally, not |
decreases. |

The four- to seven~-fold difference in thickness betweenr
the mine area (A) and the basin centre (D) implies .

either much faster downwarp of the latter during,sed-'
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Figure 6.22a: Location of sections A to D discussed in Figure 6.22b and text,
relative to stratiform mineralisation of Silvermines,

A , B : c D
Mine Creamery Kilriffet td. centre of

1 ; o ‘ .
area V20, 77/1) top of waulsortian c2 basin

Dolomite or present surtace
Breccias
N

Stromatactis Reef Limestone
(S.R.L,)

€250n
1100

‘Base of
Waulsortian

00m 0000 e

c4k00m?

0 n 3 | ~ Bkm

Waulsortian equivalent thicknesses in Silvermines b‘csin‘f

Figure 6.22b: Comparison of Waulsortian and equivalent thicknesses in Silvermines Basin
(for locations, see Figure 6.22a). Upper limit is taken as the pzesent aubouccrop level -
or the top of the Waulsortian equivalent succession (in the wine area, where up to 200,
metres of Supra Reef and Calp Limestones are present,’ The dolomite Breccias of the mine -
area thin outwards into the basin., Source: Taylor and Andrew (1978); B:Uck (1982).
Company logs (Mogul).




imentation, or non-deposition and/or post-depositional
volume reduction near the Silvermines basin margin
fault. The two to four fold difference in thickness
between the mine area (A) and its periphery (B) -
although only two kilometres apart - suggests that non-
deposition and/or volume reduction were of importance
locally.

Judging by the absence of footwall Stromatactis Reef
Limestone below the ore horizon, which are présent ub
to 30 metres thick in the peripheral area, local non-
deposition played éome part in the overall reduction in
thickness. Volume reduction is also implied however,
by the heavily stylolitic hanging wall sequence, perhaps.

totalling 50 to 70% loss:-

Sequence B = S.R.L. _ 5o to 3.7 (refer to Figure ,;
Sequence A S SOOI S 6;22b).;'
Let us now“consider five features which affeét'the:L
hanging wall sequence at Silvermines, and how their"~
origins may be linked | | | B
" These are:-
i) volume redﬁction;,’f*
1i)  anomalous insoluble content; ‘
1iii) heavily‘stylolitic‘hanging wailiséquénCe;*t e
'iv)"enriched Mn, Fe in hanging'Wa11;, ‘ : |
v) dolomitised hanging wall.. ol | TRIae
Of these, 11) and iii) are obviously 1inked v;a the

: composition of the stylolites, originating by the pro~“a   :§




cess of volume reduction (i). 1In proposing a common
origin to explain these features, hydrothermal pro-
cesses céuld feasibly account for four or all five

of them, allowing for considerable post-depositional
modification. However, it was demonstrated earlier

in this chapter that diagenetic processes can produce
Mn and Fe enrichments in carbonates, as well as caus-
ing volume reduction by pressure solution, thereby
conseyving insoluble material in the form of styloliteé.
Before any conclusions are drawn, let us first consid-
er the possibility that all the features 1is£ed are
wholly or partly diagenetic in origin, |

A simple attempt. to quantify the apparent concent-
ration‘of insoluble material during vélume réducﬁion-

is shown in Table 6.1lla. The 'inéoluble' constituents
of the rock are represented by 5102, A1203 and Kéo H
(from XRF analyses), and average levels are shown for
core samples from around the mine area (B), outcrop
samples throughout the Silvermines Basin (A), and
distal outcrop sémples from beyond 5 kilometres only
(c). By multiplying the average cbnténts of these’
’elements in outcrop samples by a factor of threév(an
approximation for the concentration ﬁaCtor;duringr
_volume reduction), values very close to those in core
samples (for Sioé, A1203 Kzo)ware attained. ferfcrm* ;“
ing the same.calculation of Mn, Fe ahd Mg levels fiqm
the outcrop samples fails to‘generate the‘féquiréé |

levels observed in the hanging wall drill core Samples;rf'
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Outcrop Samples Core Samples Distal Outcrop
Element (n) A (A x 3) (n) B (n) c
5102 (%) 45 0.34 1.02 59 0.95 6 0.11
AIZQ3 (%) 45 0.31 0.93 59 0.95 6 0.12
K20 (%) 45 0.06 0.18 59 0.13 6 0.02
Mg (%) | 45 0.95 2.85 59 6.00 6 0.95
Mn (ppm) 27 172 516 57 784 6 99
~ (soluble) : ‘
Mn (ppm) 27 178 534 57 1065 6 108
(total)
Mn (ppw) 27 6 18 57 281 6 9
(insoluble)
Fe (ppm) 27 205 615 57 1665 6 56
(soluble)
Fe (ppm) 27 378 1134 57 6209 2 175
“(total)
Fe (ppm) 27 173 509 57 4544 2 19
{insoluble) :

Table 6,11a: Comparison of insoluble (SiOz. A1203. KZO)' Mg, Mn and Fe contents of Waul- .
sortian and equivalent carbonates in Silvermines area., Core samples from hanging wall
only (Holes B139, B 144, V19, all close to the orebody)., 'Soluble' is A.A. result,

'total' is X.R.F, result, 'insoluble' is total winus soluble. Distal samples from beyond

five kilometres.,

l ’ 2 3 4 5
Hanging Wall average Mg content Insolubles 'Total'
Sample (n) Thickness Insolubles " (average) Mg insoluble
(m) (x) (%) content
G217 5 55 4.76 . 9,73 0.49 262
A.{ Orebody }4.17 g ‘ :
B139 17 90 3.57 : 7.94 0.45 321
V19 18 110 1.62 444 0.36 178
B.[ Periphery }2.83 ;
B 144 17 80 3.04 7.24 0.42 243
V20 =10 250 0499y 2.47 0.40 248
¢ 1 to 3k Jioo , '
77.36.1 6 200 1.22 5.60 0.22 244
Outcrop 45 (300) 0.74 : “0.95 0.78 (222)
D.{(Nencgh Basin) , : R
.‘Distal 6 (400) 0.27 0.95 0.29 €109)
Outcrop 2 S

Table 6.11bs Comparison of 'insoluble' content, Mg content and thickness of hanging wall
carbonates at Silvermines. Insoluble content (2) is SiOz+A1203+K20f(FexRFerAA). "Total!

-insoluble content is represented by (thickness x average content). For locations of each

hole, see Figure 4.1, Note the steady decrease in average insoluble content away from the
mine (A to D), see also Figure 4.31,




The supposition to be made from this quantitative
comparison is that 5102, A1203 and KZO are all con-
servative elements during diagenetic recrystallisat-
ion and volume reduction caused by pressure solution.
They are therefore effectively concentrated by the
substantial removal of other components, notably

CacCo Manganese and iron, however, must have had

3°
higher initial levels locally in the hanging wall,
prior to volume reduction, unless external sources
were actively supplying them during recrystallisation.
Likewise, Mg levels are indicative of higher initial
values, or considerable introduction during diagenesis

(eg. by seawater circulation).

Although higher initial background Mg ¢oncentrations
would have been associated with an HMC parent phase,
pressure solution and dolomitisétibn would have had
to commence at a very early stage (before or during
initial transformation to LMC) to preservé the Mg in
the system. The’origins{of the dolomiue are'further'
discussed in the next section.

"Note that the distal outcrop samples (C) contain
much lower values of each element than the average
background values from outcrop throughout the basin :
(A), suggesting that, although the latter were not
subjected to volume reduction, they were not outwithn
the influence of hydrothermal input during sediment—-»
ation. | |

Electron microprobe data (Chapter 5) supports the idea
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that insoluble Mn is not concentrated by pressure
solution. Excess Mn is not recorded within the in-
soluble portion (ie. along the stylolite seams, eq.
Figures 5.9c,d,e,f,g,m,p), even though higher insol-
uble Mn is recorded in the hanging wall dolomite bre-
ccias (Table 6.1la).
Further data on elements'removed or concentrated by
the selective dissolution‘of more soluble catbonate
material is provided by a limited number of ICP an-
alyses perfofmed on 55,samples from the same area,
summarised in Table 6.12, A reduction in the avail-
able Ca sites, caused by the destruction of calcite,
is matched by reduced levels of Sr; Ce and La, where
as increased proportion of stylolitic insolubles has
led to increased Fe2 3, SiOz, KZO Nazo, 205, Rb, Li,
Y and V levels. | e S |
Fast aquifer flow rates,'rapid difoSion’in mioro~ 
pore spaces, endvinvolvement of large anonnt50f die§«
‘genetic watef,/as indicated by the 1ow}Sr'concentret-
ions, may have yielded as a side effect, the gross =
'rapid dissolution'of the carbonate eediments,iinttne: =
manner suggested by Pingitore (1982) : The aoparent
concentration of insoluble components by a factor of -
3 in the remaining portion of stylolitic carbonate
| reinforces the possibility of hanging ‘wall attenuation 177
by up to 70%. N ‘ ‘ S ;_’ |
The origin of higher insoluble contents in the hang->"%;ﬁ”w

ing wall sequence by solution processes is not un~~,’
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equivocally backed by this data, as a number of other
possible input sources may have existed. Initial
insoluble concentrations may have been higher in the
hanging wall rocks proximally to the vents, because
of:-

1) greater argillaceous content of sediments near
to the vents (possible direct hydrothermal input), as
appears to be the case at Tynagh (Chapter 3.3.1);

2) oxidation of exhaled material under more oxid-
ising conditions, in the absence of a brine pool;

3) reworking of sedimentary material from shallower,
more oxidising flanks of the basin to the south, where
higher concentrations of Mn and Fe oxide minerals may

have been present in the carbonate.

6.9.3. Doiomitisation.

Dolomitisation of the hanging wall sequence is a'
distinctive feature of the rocks at Silvermines, with
more than one generation of dolomite present in the'}
breccias and mudbanks. Textural expressions range
from those with almost complete preservatibh of orig-
inal sedimentary textures,.through haZy’recrystallis-‘
ation, to alﬁost total déstruction, léaving‘a sécch? 
aroidal and vuggy mosaic. Small, dispefsed euhédra
of dolomite are occasionally obsérved’in'otherwise;~r
normal mudbank,sedimenté,‘and other vérieties preséﬁt
‘inélﬁde late stage veins of>COarse;,§inkiéh dbiomité;

Clearly, more than one process was involved in the
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origin of the varying textural and.genetic styles of
dolomite observed. These may have included:~-

l) primary or very early, seafloor dolomitisation;

2) post-depositional circulation of modified sea-
water;

3) release of Mg from earlier carbonate phases, or
from non-carbonate phases, during diagenesis and pre-
ssure solution.

Primary dolomitisation: Rdssell (1983) suggests

that dolomite clasts in the sedimentary debris flow
material originated as ehallower water primary dol-
omite in the basin flenks to the south. Recent text~'
ural examination suggests that primary to very early
dolomitisation is a major feature of much of the hang~
ing wall dolomite breccia, especially the muddy com- .
‘ponent of the matrix (C J. Andrew, personal communic—d
ation 1984) | | o |
Conditions thoughtjto favour primary, seafloor del-

omite growth include ‘high Mgt scalt ratios,‘inereased:"

2=
3

centrations (partlcularly in excess of Ca )' and e

salinities and temperatures, increased co

: either abnormally low or high pH conditions (Davies
et al 1977, Tucker 1982, Morrow 1984) | '

T ion con-

Bottom conditions during and after brine pool dev-'?d”*V*'d

‘t'elopment in the Silvermlnes Basin may have been suff~‘:ﬁ’lf:

iciently extreme to permit the direct seafloOr’ ort?f_
very early diagenetlc, precipitation of dolomite, A

Evidence for increased salinities, lowered pH condit-‘d
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ions from hydrothermal input, higher cog' activities
(generation of cog' as a byproduct of extensive bacterial
sulphate reduction, and indicated by the development of
massive siderite) has been presented in this study, and
elsewhere (Samson 1983, Boyce et al 1983, Russell 1983)

to reinforce this possibility.

Seawater circulation: Continued circulation of saline,

Mg rich seawater through the heavily brecciated and"
relatively porous hanging'wall sequence provides one
obvious source of Mg for post-depositional dolomite
formation. In addition, late stage hydrothermal solutions
may have borne higher Mg concentrations due to complete
chloritisation of source rocks along fluid channelways, -
and therefore less efficient removal .-from .circulating
seawaters.

To the north and east of Silvermines, away from the
heterogenous breccias and fault-induced fracturing,
dolomite is a comparatively unimportant component of the
host carbonate sequence (Taylor 1984, Andrew 1984),
indicating the influence of local 'plumbing' systems
on dolomitisation.

Fdllowing deposition of the’hanging wall*sediments, e
cirqulation of fluids through’the still:p§rous mediuﬁ_ 
took place,‘aiding exchange of Mg and Ca, and initiating
the growth of stylolites in the presence of high Mg coan
entrations and salinities (Negebauer !974.‘Geise: and
SAhsone 1981). | | :

Local derivation of Mg: Wanlessi(l982)«observes the

coincidence of lateral thinning of a limestone lhyer
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and change in composition (actual increase in dolomite
content) and uses it as evidence for pervasive (non-
seam) pressure solution. His evidence is substant-
iated by the fact that the total (absolute) amount of
insoluble residue remains the same in both the thicker
and adjacent thinned zone.

Both pervasive and non-sutured seam solution modify
the character of ancient limestones,vwith dolomite
growing concomitantly on solution surfaces or zones
of dissolution. Wanless (op cit) stresses the relat-
ive unimportance of physical compaction in volume re-
duction of carbonate rocks, and proposes that strat-
igraphic dolomitefmay form during ‘prvessure solution’"in :
the absence of stylolites or seams.’ He cites an ex—
,ample from New Mexico in which lOO volumes of 1ime~
stone evolved into 13 volumes of dolomite, without
: requiring an external _source. for the necessary amountd
of Mg for the process.'

Distinction of the dolomite formed during pressure

solution from other types, can be made by a number ofsmj_iufm

features, including cloudiness (because of included
clay particles), occu::ences ofrlarge rhombs_along*
clay seams, higher Fe 'contents‘in;later rhombs, and

 formation of intergrowth mosaics in thinned horizons;i'?

If not entirely primarv in origin;'thebgrowthdof'”"”;Ja

dolomite at Silvermines, coincident with volume re~“f

‘duction of the sequence, may have arisen by effective (dlf”“”

‘concentration of initial Mg levels through wholesale




loss of Ca from calcite. Wanless (op cit, p331) stat-
es that "magnesium should be a conservative element

in rocks that have formed as a local byproduct of pre-
ssure solution." 1In this way, following bhurial of the
carbonate sediments, Mg released during early mineral
transformation may have been retained locally, suff-
icient to form dolomite in the hanging wall success-
ion. Bathurst (1982) considers that the Mg released
durihg HMC - LMC conversion is the source of dispersed
grains of microdolomite, often present throughout the
fine grained matrix of similar carbonate mudbanks in
other areas.

However, the total volume reduction at Silvermines -
appears to be much greater than the theoretical 6 to
13% reduction brought about by thé mole for mole re-
placement of calcite or aragonite by dolomite;‘ Assum-
ing a threefold reduction in volume of the sequence
(and a 50% original porosity, zero final porosity), o
magnesium levels of approximately 8% in the original
sediment would be required to form a completely dolf
dmitiSed Sequence, and approkimateiy 4% to'producé'the-
average Mg levels recorded}in the present hanging‘wéll'
(Table 6.11b). Thus, if no externél Mg source was 4
involved, diagenetic LMC (with less than 1% Mg, as
preserved elsewhere in the basin) is effectively rulédf
out as the only source of Mg, implying that the;paren£
carbonate was an Mg-rich céléite, and that dblomiﬁis;x

~ation commenced early in the diageﬁetic history.
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In more argillaceous members of the sequence, Mg re-
leased from clay minerals during diagenesis (along with
quantities of Fe, Ca, Na, Si) may have built up in pore
solutions (MacHargue and Price 1982), This may then have
given rise to growth of late stage ferroan dolomite, pre-
sent as small quantities in microspar grains and sparry
cement (eg. Figures 5.9f,j,m). |

If any of the\hanging wall dolomite originated by con-
centration of local Mg in the manner suggested above,
those elements which are favourably incorporated into
precipitating calcite and dolomite phases (Mn and Fe in
particular) should likewise have been concentrated'in
the resulting carbonate. This is backed up by the data
presented in Tab1e~6.9,kwhich indicatee higherkvaluesuof;

Mn and Fe in dolomitic rocks, rather than limestones,:from'

~ higher up in the hanging wall sequence. The 1imes£0nes'

from over 30 metres (lOOft ) above the ore horizon conwk‘ :  ef‘

tain Mn and Fe at more or less background levels (Similar‘M_
to distal limestone samples), whereas the dolomitised o

rocks from ‘the same part of the sequence still carry

- apparently anomalous values. :

A quantitative ccmparison between total insoluble con~

tent (represented crudely by 5102+A1203+K20+Fe203) and

total Mg content, suggests that a vague relaticnship exists,f

‘between the two variables (Figure 6. 23) : A gr adual de-'f"f  v

crease in the ratio (tctal insolubles / Mg content) isz°?ﬁ

also apparent from the centre of the mineralised host




rocks outwards, paralleling the increase in thickness of
the sequence. However, before any significant correlat-
ion can be made between the different variables under dis-
cussion, pressure solution would have to be quantified
somehow, perhaps by measuring total stylolite thickness
and density over a given part of the succession. Mean
while, assumptions would have to be made that the move-
ments concerned (involving CaCO, and trace element re-
distribution) were only local in scale, and that (diffic-
ult to measure) pervasive or non~-seam solution phenomena

were minimal,

6.9.4. Summary.

That trace element distribution in the Silvermines area
has suffered considerable post-deposiiional modification is
in no doubt. The overall extent and influence on individ-
ual trace elements is not clear cut, however. Much in-
homogeneity in distribution of each elemen£ can be observ-
ed on both large and small scales, which may lead to‘pton
lems in lithogeochemical sampling and errérs in interprét—
ation, |

A direct geneticvlink may exist between the widespreadr
dolomitisation, pressure solution and reddétion ih'vdluﬁe
of the carbonate sequence.  These processes, along with
the selective partitioning (and resulting fractionatioh)
of trace element species during mineral transfo;mation ,
and recrystallisation, were the main influences 6n'moé§  ;

ification of original primary‘sedimentaty patterns of R
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distribution.

The range of possible sinks for dissolved material (CaCO3
and trace elements) that existed in the Silvermines
diagenetic system during post-depositional processes
(solution~-reprecipitation and stylolite formation) are
summarised in Figure 6.24).

Upward transport of dissolved constituents, and incor-
poration into newly forming sediments on the seafloor
(D), or diagene£ically re-equilibrating sediments at depth
(B) or just below the sediment surface (C), may have led
to enrichment of new carbonate minerals in the elements
Mn, Fe (and Zn?). 1In this way, secondary enrichment with'
apparent primary or hydrothermal aspect may have arisen.
In other words, 'pseudo-primary' enrichments may have'form~
ed on or near the seafloor, even though hydrothermal eman-"
ations had waned or ceased altogether.

Diagénetic processes may thus have served td haénify or/
'smear' an exiéting, albeit more subtly 6r strétigrapﬁ- \
ically confined, primary aufeolé, creating a‘more‘eaSily; 
detectable anomaly. Existing enrichments'may haQe been
distorted, either by concentration (Mn, Fé) or by dilhtién
to background levels (Zn?) or négative anomalies‘(s:, and '

possibly Na).

In general, diagenetic redistribution may take the'form of
fractionation of certain trace elements, such as the enhance~
ment of Mn and loss of Sr, at worst leading to the éreation

of 'false' or artificial‘anomalies, unrelated to any primary:..
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hydrothermal processes.

Figure 6,25 attempts to summarise the pathways of (exhaled)
manganese in a shallow marine hydrothermal system, based

on the various reactions and sinks outlined in this chapter,

for the Silvermines (and related) deposits.,
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Chapter Seven - Lithogeochemistry in Exploration.

7.1.1., Introduction.

Discussion in the previous chapter has outlined a number
of different genetic types of trace element dispersion
pattern which may arise in carbonate rock formations.

The classification of geochemical aureoles, according to
mode of formation, may be summarised as follows:

1) primary syngenetic patterns, formed by direct sediment-
ary incorporation of metals around a hydrothermal source,
whether dispersed by chemical diffusion of dissolved metal
complexes, or physical movement of particulate and dis-
solved metals;

2) prima?y epigenetic patterns, formed by wall rock alter-
ation anoéepigenetic modification of host rock chemistry
by the passage of hydrothermal fluide in a subsurface en-
vironment; | | |

3) 'pseudo-primary' patterns, with apparently primary
aspect, but formed essentially by non-hydrothermal prooesées.
Post depositional‘modification4by diagenetickinterchange‘"
and recrystallisation, pressure solution, dolomitisation}}
or even metamorphism, may be responsible. |
These patterns may have been generated around a locus of
hydrothermal actiVity, or completely nnessoCiated wiﬁh_one
(ie. a 'false aureole');

4) secondary patterns, due to post-depositional processes
of weathering and oxidation. L

Overlap of these different fypes of pattern is possible,

for example, if diagenetic processes significantly modify
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pre-existing syngenetic (or epigenetic) patterns of primary

origin, as appears to be the case at Silvermines.

The nature of geochemical dispersion patterns recorded
around known mineralisation will obviously vary between
different deposit types, and between similar types of deposit
with different geochemical settings and post-depositional
histories. The resulting patterns will show great diver-
sity in metal content and lateral extent, and may be dis-
tinguished on the basis of recognisable mineral assemblages,
whole rock analyses, or by subtle variations in the form
of statistical populations.,
vGovett ahd Nicholl (1979) describe 1ithogeochemistry as
"the stud§ of the chemical composition of bedrock with
particular reference to the search for ore deposits." In
their reviewe, primary dispereion patrerns are tnose-
which may be attributed either to syngenetic or epigenetic
processes, and thus may include subsurface or wall-rock
alteration zones. Secondary dispersion processes include
those influenced or arising by ground water movement, weath-
ering or electrochemical diffusion, essentially unrelated
to any hydrothermal processes. Following this reasoning,
diagenetic,modifications would be classified srrictly asi
secondary in nature.

Rocks enclosing volcanic exhalative ore deposits have
commonly undergone hydrothermal alteration to produce geo~“
chemically recognisable footwall alteration pipes and hang—v

ing wall envelopes. Alteration zones associated with
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volcanogenic massive sulphide deposits are generally char-
acterised by depletion of Na, Sr, Ca and enhancement of
Fe, Mg, (K), S, Rb and a wide range of trace elements
(Plimer and Elliot 1979). Mineralogical expression of
these changes may be present, typefied by the appearance of
minerals such as sericite, chlorite and K-feldspar. |
‘Govett and Nicholl (op cit) outline regional patterns of
primary epigenetic dispersion around mineralisation assoc-
iated with magmatic intrusions, and more locally around
porphyry style Cu-Mo deposits.
In the epigenetic domain, vein wall rock alteration on
the centimetre to metre-scale may effect whole rock geo¥
chemistry%hear to vein mineralisation, characterised by
logarithmic decrease or increasesinltrace element eonfentsf‘
outwards from the vein. The principie elements ihvolved

“are Sr, Cu, Pb, Zn, Ag, Mn, Sb As, Hg, Co and Ni, dispersed e
by diffusion-controlled migration of mineralising fluids e"'
from the vein,,possxbly along cleavageisurfaCes‘(Boyle,

| 1965, Ineson 1969, Lavery and‘Bsrne51197l,"Bailey,ehdes”"k
McCormick 1974) | | | :

| This study has concernedltselfprimarily with trace elementTVe'
enrichments around syngenetic mineralisation hosted within, u‘
or closely associated with, the Irish Waulsortian Limestones;;:e’
~The’ enrichments themselves are essentially of sedimentary
origin, but may diseléysm:"m“p‘oét—depositional modification.
Care has been extended to eliminate contamination from sec~'ii{i
ondary sources. | | | i i e

The scale of lithogeochemical investigation may be considernisff




ed at three main levels, although considerable overlap
exists between each:-

1) regional scale - to discriminate between productive
and barren terrain, and delineate favourable formations or
local basins;

2) intermediate or local scale ~ to identify individual
exploration targets or horizons within a single basin;

3) mine scale - essentially to develop or extend known
or postulated mineralisation.

The limits of these scales of investigation represent
perhaps an order of magnitude difference, and could approx-
imate the dimensions of first order (c. 100 km or more),
second orfler (c. 10 km), and third order (c. 1 km) basins
respectiyély, as described by Large (1980).

The present study‘is concerned essentially with the inter-
mediate scale of'ihvestigation, that is, to seek local
haloes (of dimension 1 to 10 km) associated with individual
targets or deposits, within a single favourable horizon :
(the Waulsortian Mudbank Limestone and its immediately
enclosing rocks). As the Irish Lower Carboniferous is a
known metallogenic province and the Waulsortian Limeétone a
favourable target horizon, the larger tegidﬁal scale of 1'
investigation is bypassed. Use Of‘lithoée§¢hémistfy to‘prg_
dict local ore concentrations within individual depositski
would require a greater sample density than is undértékeh

here, and is largely beyond the scope or aims of this~Study.
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7.1.2. Syngenetic Trace Element Enrichments Around

Sedimentary Exhalative Orebodies.

Europe (excluding Ireland).

Gwosdz and Krebs (1977) propose that extensive Mn enrich-
ments in the host rocks (Lagerkalk) to the Meggen sulphide-
baryte orebody are of similar hydrothermal origin as the
economic minerals. The Mn enrichments peak in the margin
of the local palaeobasin (coinciding with the baryte ore-
body), and are lower within the sulphide zone itself |
(Figure 7.1). Manganese concentrations :eturn to back-
ground levels at between 2km (to the SW) and 5km (to the
NE), with a lateral zonation in the form ofvprimary_separ-
ation of Fe from Mn, but no recognisable vertical zonat-
ion. Fogtwall sediments (Meggen Beds) carry distinct Mn
enrichments which match the distribufion of those in the |
Lagerkalk, though‘élightly less extensive in areal dimensions
(Gwosdz et al 1974). Significantly higher Mn levels in
basinal limestones downdip to the south, are associated more
with facies control than hydrbthérmal enfichment‘and léd{
to much wasted effoft by exéloration geolbgists seekiﬁg7
further mineralisation. k |

Badham (1982) describes extensive metal enrichments iﬁl
host rocks to the Rio Tinto ores in Spain, also aésociaﬁed“ :
with syndepositional tectonics’and instabiiity. Highvback-
ground values of several metals are encountered throughout.
the area, due to their wide dispersion dﬁring,metalliferqus
exhalations. Bérium enrichments are recorded in the foot-

wall throughout the ore basin, with Ba and Mn in the hanging’

244



Mean, range (to NE of mine)

l;] Mean ,range (toSW of mine)
40001

Mn
(ppm)

20001 : C T

| ] op |
A S R

% 2 L 6 8 __ 10 12
: » ‘ : . kitometres . L
MEGGEN B reere. G MSMUSMEASS ORI R JOSSSS) Gy SANGSSUS SR S SIS SRS See
| _ BaSo,
FéSeZnS
PbS

vt

Figure 7.1: Manganese content of carbonate host rocks (Lagerkalk) either side
along strike of the Meggen base metal-baryte deposit, Germany., This illustrates
how manganese enrichments (comparéble wit.h..thése:at-'rynagh, but with épparently
higher background levels, see Figure 3.14) are present up to 5 kilometres or
more from the deposit. Redrawn from Gwosdz and Krebs'(l977)- |



wall, and more locally developed anomalous Sn, As, Pb and
Zn,

Barbier (1979) records anomalous Mn levels (2000 to 8000
ppm against a background of less than 1500 ppm) coinciding
with basin-wide 2Zn mineralisation in the French Hettangian.
More local, erratic zinc enrichments are recorded near
the Figeac and Bois-Madame deposits, although even within
1 km of mineralisation, Zn values may still remain very low.
A pronounced negative correlation between Mn and Sr is
perhaps indicative of a strong diagenetic control on these
trace element patterns.

Increased contents of Pb, Zn, Ag} Ba, Mn and Fe are‘obeerved‘

in 1ateraily equivalent strata around the base metal<deposits

in the Ng§th Bayaldyr district of the U;SQS;R.’(Lur'yerlQS7). o

North America.

Anomalous Mn contents are present up to 10 km southwards
and 5 km eastwards«afthe Sullivan orebody, in the host '
Aldridge sediments (Edmunds 1982). Within the domain of

enriched Mn values'however,'only 36% of‘samplesﬁare Consid#ifi“'

ered anomalous (over 400 ppm Mn) ‘IrOn'entichmentS‘accomp; R

any the manganese, and numerous other elements show increas—5n~*“
'ing tenors towardsthecmebody, notably Pb, Zn, Cu, s Ni.
Co. and Ca. The Mn content is also controlled by the lith-v.

ology, as higher overall contents are recorded in argillites,~}yf

independent of proximity to the orebody.3 Enriched Mn valuesri>'m

are present in the hanging wall, up to 200 metres above the }:,em

ore horizon, detectable up to 5 kilometres from the orebodyvtf7i7

ialthough 'barren' layers with no. anomalous contents are %'

kffé45jifﬁ¥]§;d'déii'



also present. Mineralogical expression of the excess Mn
contents also occurs, in the form of more prolific spessar-
tine garnet in the mine area.

In the Howard's Pass area, weak Mn enrichments accompany
high Pb, 2n, Cd, S, Ag, and V in the ore bearing facies
of the Active Member, in the local basin of ore deposit-
ion (Morganti 1979). Barium tenors are very high on a
basin-wide scale, but appear to decrease markedly towards
the local ore basin.

On a regional scale, Goodfellow et al (1980) use strat-
igraphic geochemistry throughout the Misty Creek Embayment
of Northern Canada, to recognise periods of volcanicity
associate@ with carbonaceous, metalliferous shales and
cherts.,$ihese ‘active periods' are not easily detectable:
by direct lithological examination, Sut may be highlighted
by anomalous Tioz, Nazo and MgO, present as leucoxene,
plagioclase and chlorite respectively. The active periods
may in turn be associated with more lqgally enriched
values of hydrothermally derived Zn, Cu, Ni, Ag, Mn, As,

Hg, Sb and V in the sediments, of greater exploration
significance.

Australia.

Anomalously high déntents of Zn, Pb, Fé, Mn, Cu, As and Hg
are presént»in the pyritic'baSé of the'HYC Membef,fléﬁéfélly} 
equivalent to the McArthur River base métal deposit. These
values decrease outwards from the depoSit, except where
close to other subeconomic deﬁosits (Lambert and Scottf1973)f.

and are detectable as much as 20 kilometres distant from =
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the main deposit. Manganese levels peak in the immediate
footwall sediments, where they are concentrated in a dol-
omitic argillite (the W-Fold Shale), along with anomalous
Fe, 1In the hanging wall, significant enrichments of Zn,
Pb, Fe, Mn, Cu, As and Hg are recorded in carbonaceous
shales for at least 250 metres above the main ore horizon.

Manganese and iron enrichments have also been recorded in
host rocks around the Broken Hill (Stanton 1976) and Mount
Isa (Lambert and Scott op cit) deposits, and in carbonate
and pelitic rocks enclosing the stratiform submarine-
exhalative pyrrhotite-cassiterite deposits of Tasmania
(Plimer 1980).

Ireland.%'

In additfon to the work of Russell (1973, 1974 1975),
much of which is incorporated into this study, a number of
parallel investigative studies have been undertaken in
_hostrrocks around known Lower Carboniferous~mineralisation;U:
in Ireland. - | | k ﬂ

In the host rocks around the Navan Zn+Pb deposit, wide*‘ o
spread trace element haloes of Zn, Mn, As (and irregular o
Fe, Mg) have been identified within the hanging wall Pale e
’Beds and overlying Upper Dark Limestones (Finlay et al 1984);;;r
Manganese enrichments extend over. BOO,metreseorkmore”into;k,~’
the hangingfwall,‘and up to 2.5 kilometree»from'the~deposittf'
in boreholes, whereas the remaining elements are more re—“};
stricted in their vertical and lateral distribution.gaé, ‘ﬂ i
At Ballinalack, Daly and Williams (1982) record elevated ~»5"‘
Na, Sc, Fe, Rb,‘Sr. Sb, Cs. Ba and Th along with distinct~~rttld




ive Rare Earth Element signatures in host micrites to sub-
economic Pb+Zn mineralisation, relative to unmineralised
micritic mudbank samples from 'barren' localities.

Martin and Chabot (1981) recognise enrichments of Mn and

Fe associated with ferro-dolomite, at several stratigraphic
horizons cloée to the epigenetic Moate Pb+Zn prospect; which
is hosted in fractures in sub-Waulsortian lithologies.

As well as the laterally equivalent Mn, Fe and 2Zn enrich-
ments described by Russell (1974, 1975), anomalous levels

of Cu, Pb, 2Zn, As, Sb and Hg are recorded in footwall sed~
iments around the Tynagh deposit (J.Clifford, personal
communication 1982). These anomalies are encountered in
rocks to &he north of the Tynagh Fault, but apparentiy not
in the eq&ivalent rocks to the south. The fact that the
economic mineralisation at Tynagh is hosted in the former
area (the North Tynagh Basin), and no significant mineral-v
isation is known in the latter (the South Tynagh’Basin),

has led Clifford to propose the concept of the early tracé
element enrichments siénifying that the North Tynagh Basin
is 'fertile' with respect to potential’mineralisétion. ~The
enrichments perhaps indicate a long'history of weak,hydrof
thermal activity prior to the main exhalative events, whereas‘
the South Tynagh Basin is 'infertile' or barren, and con-
tains neither enrichments of trace elements nor significant
mineralisation. ‘ | |

Steed and Tyler (1979) describe local;en:ichments Qf Hg, -
As, Cu, Pb and Zn within é kilometre of tﬁe Cortdrum Cﬁ#Ag#Hg: 

orebody, associated with traces of sulphide mineralisation;
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These formed by epigenetic dispersion from the mineral-
ising solutions through the host rocks, facilitated by
intense fracturing.

Van Orsmael et al (1980) undertook preliminary lithogeo-
chemical investigations in carbonate rocks of the Belgian
Dinant Basin, beds equivalent to (and of similar age as)
the Irish Waulsortian Limestones. Anomalous levels of Mn,
Fe, Zn and Pb in one section of core are associated with’
increased organic carbon and insoluble residue, a feature
they attribute to organic complexing under reducing con-

ditions, during sedimentation.

7.1.3. S&itability(IEWaulsortian Limestones as Host Rocks -

td Mineralisation.

Examination of the principle occurrences of base metal
mineralisation hosted in Waulsortianétype limestones in
Ireland indicates that, although this formation has been.
a prime focué of exploration for stratiform orebodies |
(Morrissey et al 1971, McArdle 1978), the mudbanks them-
selves are not good hosts to mineralisation. .waulsortian
Mudbanks in the vicinity of two of the lérgestkdéposits'
(Silvermines and Tynagh) are characterised by:pronounced
physical and/or chemical changes, exemplified by brecciat-
ion, dolomitisation, attenuation or impurity.'rIt seems T
that mudbank growth and sulphide deposition are incompa?able.
except where only minor quantities of sulphide (Keel, Court-
Vbrown) or’post-depositional, cross-cutting styles of’miher~

alisation (Ballinalack, Ballyvergin) are concerned.V'Eitherk
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the normal Waulsortian Mudbank environment is too well
oxygenated to permit metal sulphide stability, or exhaled
hydrothermal fluids inhibit normal inorganic CaCO3 pre-
cipitation on the seafloor and prevent organic CaCO3
growth by excessive HZS or metal contents. The incompat-
ability between the two 'facies' is well demonstrated by
the relationship between mudbanks and ore host rock facies

(and especially ore jisopachs) at Silvermines (Taylor 1984;
and this study, Chapter 6).

Because of this apparent incompatability between normal
mudbank growth and seafloor sulphide accumulation, explor-
ation should therefore be focussed on areas where the
Waulsorti%n is locally poorly developed, atypical or absent.

oA |

7.1.4., Red Limestone Facies.

One facies of Waulsortian‘Limestone which deserves somer
special attention is the 'red marble' which occurs sporadf‘
ically throughout Ireland, particularly in the south. -
Elevated Fe (and Mn) values are associated with both the
‘red limestone facies and the surrounding unreddened mud-
bank limeétones (Figuré 7.3).' e B ‘w

The Cork Red Marble (Nevill 1962) and équivalent Castle~
island Red Breccia (Hudson et al 1966) are two examples,
comprising massive, Weakly bedded to unbedded limestone -
breccias, up to about 20 metres thick,’with ungréded, un-
sorted fragments of calcite mudstone (creamy white to pink;
hématite stained, often mottled and porcellanéus);‘upfto'-

20 centimetres in size. The matrix is a red clay (occasion- -
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ally green, if reduction of iron has occurred), with minor
silicification and fossil debris limited to rare crinoid
and brachiopod fragments.

Considerable modification by pressure solution around
fragment surfaces has ylelded irregular stylolitic contacts,
and further emphasises the brecciated appearance of the
rock.

Theories on the origin of the red marble involve uplift
and emergence of reef or back-reef sediments, with re-
deposition by turbidity currents, andka terrestrial origin
for the hematitic mud content (Nevill op cit; Hudson op cit:
C. Andrew, personal communication 1984). However, the
description of similar lithologies in the outer edge of
the Tynagh Iron Formation by Schultz (1966) suggests a
possible genetic link with hydrothermal processes, also
bearing in mind the outcrop of similar red marbles within
6 kilometres of the Silvermines deposits (Chapter 6.3.6),
The possible genetic link between the Tynagh orebodyvand O
laterally equivalent hematitic limestone (andIronFormatioh)
led to considerable exploration interest being focussed on
the occurrenoe‘of the red limestone facies in the Sixties}

Occurrences of hematitic reef facies known to‘the'author 
are shown on Figure 7.2a, and their‘conoentration.is observ-
ed towards the southern half of the oountry, betﬁeen‘fralee
and Cork (Nevill 1962), where they appear to form a seem-
ingly continuous zone within the mudbank sequence. This
includes a thick intersection (around 30% of a total thick—

ness of almost 500 metres of mudbank) in the Meelin bore-
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hole (Sheridan 1977). North of this zone, sporadic occurr-
ences are known from various stratigraphic levels in the
mudbank formation.

Origin of the oxidised facies by shallowing and emergence
seems unlikely, in view of the depth of water envisaged
for Waulsortian mudbank deposition (perhaps 200 metres or
more, Miller and Lees 1985), particularly in the south of
the country. Alternatively, oxidation of Fe and Mn bearing
waters of hydrothermal or other origin, on a widespread
scale, may be envisaged to form the extensive development
of hematitic limestone present throughout the south of
the country.

If hydrd?hermal in origin, either no significant base metals
accompanied the Fe and Mn, or the base metals were com-
pletely oxidised and dispersed into eeawater on exhalation,
This would help to explain the apparent lack of base’

‘metal (zinc) enrichments associated;with tne hematitic ;
facies (Figure 7.3b). | | -

Immediately to the south of the mosf extensive red marble
development lies the Culm or South Munstef Basin. (Figure
7.2a). During Upper Courceyan times, when mudbank growth ’
reached a climax, euxinic conditions, with starvation of |
sediment input, were dominant in this basin, to the west
of the Glandore High, leading to the deposition of the black,
pyritic mudstones of the Reenydonagan Formation (Neylor et
al 1981, Sevastopulo 1981). This euxinio basin reptesents’“
one possible eource‘of reduced Fe and Mn bearing weters 1ﬁ7

‘the south of the country, which may be responsible for the

252



5000 + ¢ 1 T 1
' M Area 3
Red ma!‘blei. AteaB l,z.l‘,s ////7\
4 other areas -
Uncoloured;0] Area 3 (. /
limestone|O Area 4 / °
X Area 6 / . ‘/®
+ Other Areas 4//,
20004 / g
; / ~
Fe /,£;Z2"’ih- o4
- ppm v /0 /
€ o Vi ’4@0 =
10004 \ / . \’//o / +
4 +
+ \
' N/ 7’/‘ ®
[ J
) ¢ . » q./
500 + + . ¢/ N
¢ + )
B + & & / L4 °/+ + \\@
+ t/i o /// 3 _ .
o /// ' 1. Ballinaclough (Silvermines)
///ﬂ;-.;§- v /// 2, Shannon = Clare
200+ ’///’ X 3. N. Limerick 1
. _ : 4. Ballybeg =~ N, Cork
({// \ 5. Castleisland, Kerry |
: \ 2 @ ‘ 6. Fermoy - N. Cork
1004+ \ SRR T
4k \x ‘ x |
T Y v v ¥ T AJ Y T .
100 ~ 200 - 500 1000 Mn‘ppm 2000 © 5000

Figure 7.3: Manganeae and iron contents of 73 aample'l of hematitic mudbank {red marble)
and associated uncoloured mudbank limestones from numerous locationa in Ireland (see

Figure 7.2). Note the distinct groupings of samples from certain ateas.'Note‘alao the
logarithmic scales.

, median |
Sample medium| (n) (lMn+Fe)/2 Anomalous Zn (%) High Mg (2]
: (ppm) >10ppm . >20ppm - >I%
Red Marble 46 635 10,9 4.3 6.5
- Uncoloured ' : .
peo ourel 27 | 305 | 185 3,7 |

Table 7.1: Median (Mn+Fe)/2 contents ofvsamples in Figure 7.3, and percentage
of eitlier type with anomalous Zn and Mg levels. - '



reddening of the mudbank limestones, if they were exposed
to the more oxidising conditions of the shallower lime-
stone shelf environment.

However, many questions arise about the possible method
of introduction of reduced fluids from the depths of the
basin onto the carbonate ramp, whether by upwelling or some
other process.

Oxidation may have arisen because of locally increased
alkalinity of sea bottom or diagenetic waters, which would
render hematite more stable at relatively low oxygen fuga-
cities (Figure 6.10a). Red marble occurrences may thus in-
dicate abnormally saline or alkaline conditions developing
locally dering mudbank deposition or diagenesis.

One alternative explanation for the anomalous Mn and Fe
values post-dating sedimentation, woold involve auto-
enrichment during pressure solution (loss of CaCO3 and
residual concentration of trace elements), in the same way
suggested for some of the hanging wall carbonates at Silmet-
mines (Chapter 6.9.1). |

Figure 7.3a graphs the Mn and Fe contents of each of‘the'
red marble and associated uncoloured mudbank 1imestone samples
collected in this study. One feature of note is that samples
appear to be grouped distinctly according to source area.

Clearly, the fact that uncoloured samples from near to
known red marble localities may contain elevated Mn and Fe
levels, may mislead exploration geologists utilising 1itho—
geochemistry in the search for ore deposits. |

No further insight is given into the origin of the hematite
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facies of mudbank by the data presented here,; but a number
of avenues for further investigation are opened up, which
might hopefully ascertain what relationship, if any, exists
between the red marble and hydrothermal exhalative pro-

Cesses.




7.2.1. Application to Other Areas.

No scientific proposition is complete without some form
of practical test. For this purpose, three areas of ex-
tensive Waulsortian Mudbank outcrop of relatively unknown
mineral’potential were examined on a reconnaissance basis,
to investigate whether or not any syngenetic exhalations
were indicated locally. These areas, in Counties Cork,
Kerry and Limerick, were samples according to availability
of outcrop (and time constraints), at an average minimum
density’of approximateiy one sample gite per sduare}mile;
Analysis for Mn, Fe, Zn and Mg was then undertaken follow-
ing the principles outlined in Chapter Two. |

1) North&County Cork.,

- The location of this area’ is: indicated on Figure 3. l, and'
the mudbank outcrops occur along the centre and flanks of .

a complex double syncline structure. - As in much of the

southern part of the Carboniferous shelf area, both Waul—fﬂ ;dg,

sortian and Upper Reef complexes are present in the sample, o
area, Both have been sampled as a single unit being ;
difficult to distinguish apart, particularly since low fip g
grade metamorphism during Hercynian N«S compression hasky";ijdh
~ 9given rise to a weak E-W tectonic fabric.w The assumption’t
is made here that the trace. element characteristics of

the two are comparable, and the lack of any obvious stratfﬁtv“fi
igraphic changes in distribution of any of the elements:;*?77’"7
‘examined would appear to substantiate this. - ‘ p p’ T
The intervening darker cherty limestone, between the two‘flffff

reef complexes, is visible in a few places towards the centre‘ji

k'ii?;?55i}f;ffgifii
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of the synclinal structure.

In total, 489 samples were collected, and the results por-
trayed in contoured map form for (Mn+Fe)/2, the median
value of which was computed at 90 ppm (Table 3.4).

A number of (Mn+Fe)/2 anomalies exist in the area, of
which several can be attributed to one of the following
influences:-

i) associated with local hematitic limestone ('red
marble');
ii) associated with off~reef, chertyalimestone'(possibly
the interval between the Waulsortian and Upper Reef).

The cluster of anomalous eamples‘in the centre of Figure‘
7.4 showeh neither association withtﬂmzcherty oy hematitic
1imestonef and closer ground inspection resulted in the
discovery of minor galena and sphalerite mineralisation,l
| near to the faulted contact of the Waulsortian and sub=--
’reef strata. Recognisable anomalies in the zinc distrib—vi,i
ution are weakly developed, but higher zinc values occur ;
~in the same area asthe:nineralisation (Figure 7 4), compared
to elsewhere in the sample area. ; "yb“‘b (  "

The anomalous Mn, Fe and Zn content in the mudbank around
this ‘base metal occurrence would appear to form part of |
a primary trace element ‘aureole, several kilometres in dimm
ensions,,developed around a relict hydrothermal,source.b‘”"r
,Eollou4up work ie;Currently_being}undertaken"in thienareah“t'
) by an ekploration‘company. | - |

2) County Limerick

The location of this area 15 illustrated in Figure 3 l,




and the extensive Waulsortian Mudbank developments out-
crop along an E-W trending, saddle-shaped synclinal struct-
ure, flanked by two inliers of older strata to the north
and south. To the west lies a large area of younger
Namurian strata, and to the east is the Limerick Volcanic
centre, which post-dates the Waulsortian Complex.

In total, 217 samples were collected, and results for
(Mn+Fe) /2 are displayed on Figure 7.5 (see also TI'igure 3,70)
in contoured form. Two main areas of elevated (Mn+Fe)/2
levels are observed. One of these flanks thé sub~-reef
inlier on the north side of the basin, whéreas the other
flanks the inlier to the south. The anomalous content to
‘the north&appears to be associated with the Courtbrown
Pb+Zn prgépect, at the western end‘of the inlier (Chapterf_
3.5.3), Qhere the highest levels are measured, at 400 npm
or more. In addition, the location of minor epigenetic
mineralisation (represented by old trials for Cu, Pb and
Zn) throughout the inlier, suggest a more extensive root -
zone or feeder zone, more central to the observed aureole
(see Section 6.3.5).
| There is no significant mineralisation recorded in or
around the southern inlier to account for primary enrich—f

ments in the mudbanks in the same way.

~Zinc distribution in the Limerick Basin is virtually feat-,vf'

ureless, as nearly all the samples contain less than 10 ppm‘
Zn, with the exception of a few from the vicinity of Court-
brown Point, within a kilometre of the known mineralisation.'

Minor post-Waulsortian mineralisation (epigenetic in style)"

Coest
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in mudbank and younger rocks in the centre of the syncline

(marked by a number of old trials for Pb and Zn) is not
associated with any apparent increase in Mn or Fe content
in the surrounding rocks.

The general pattern in the North Limerick area is of lower
Mn and Fe content in progressively younger parts of the
Waulsortian, dropping below 100 ppm in the very centre of
the basin, near to the contact with overlying limestones,
suggesting a possible stratigraphic control on geochemical
distribution.

3) County Kerry:

A total of 234 samples of Waulsortian Mudbank and Upper
Reef wereﬁcollected,from three stretches of outcrop in |
County Kgfry,tﬂmalocations of which are shown on Figure 3.1.
Rocks here are folded along E-W or‘ENE-WSW trending axes,
and (as in the North Cork area} have sufferéd some deé:ee
of low temperature metamorphisﬁ, with development of an
E-W cleavage. The three main belts of mudbank outcrép,‘vf
occur on limbs of comp1imentary,syncliﬁal and anticlinal
structures. |

Analytical results are displayed by contéurs in Figure‘7.6;
and the median value of (Mn+Fe)/2 for the area is 84 ppm
(Table 3.4). Three areas of enrichment are observed'- i"

1) Castleisland, to the east of the area, on the nose
of the most southerly anticline, and associated with arf
development of hématitic mudbank (the CastleiSiand Red t
Breccia, Hudson et al 1966). The enrichments here éiéfﬁbfé"‘

extensive than the hematitic facies;
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ii) The Maharees, to west of the area, on the peninsula
in the middle of Tralee Bay. The elevated levels appear
to be associated with an outcrop of pyritic mudbank near
the harbour;

iii) on the south shore of Tralee Bay, where elevated
trace element levels appear to be associated with outcrops
of both red marble and pyritic facies of mudbank.

Zinc distribution in this area 1is also virtually feature-
less, with only 4 samples containing over 10 ppm. |

No direct link can be drawn between trace element dis-
tribution patterns and base metal occurrences in this
area, of which only two are known to the author, both very

minor in hature (Figure 7.6).
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7.3.1. Discussion.

From the three examples described, it can be seen how the
application of Mn, Fe and Zn lithogeochemistry can assist
in early stages of reconnaissance exploration, allowing
select areas to be approached in more detail, and bypassing
the time-consuming and expensive 'blanket' soil geochemistry.
The chip sampling of mudbank outcrops can be undertaken
during geological mapping, with little inconvenience to the
geologist concerned (in the form of bulky samples to be.
carried around).

An even quicker method of reconnaissance sampling would
be to utilise roadside sampling of farmers' walls and

field bouhdaries, which are normally built‘from locally
quarried,iimestones. This would necessitate a greater -
sample density to allow for reduced control of source locat-
ion, and some care in interpretation of results becanee‘of
the possibility of encountering transported (glacially or
otherwise) boulders. In areas of thick, continuous drift'v
cover (or‘bogland),'the unavailability of looally deriVedi
rock on the surface would render this technique ineffeotive.
Instead, the use of lightweight drilling eqnipment could "
provide sufficient core from suboutcrop, to yield one or’
more chip samples of 'uncontaminated' mudbank for litho~,
geochemical analysis. This could be done at regular inter-
vals~to allow more complete areal coverage, as wellbas‘
providing valuable geological information. | l:
Geochemical profiling of deeper exploration boreholes may

outline prospective horizons within the mudbank complex, :
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even if no mineralisation is visible.

One problem that often arises is that of sample com-
position and heterogeneity. Many areas of mudbank out-
crop have suffered severe weathering or alteration, or
are composed dominantly of later diagenetic phases
of sparry calcite (eg. the 'veines bleues' facies of Lees
and Conil 1980). Other areas may contain significant
argillaceous or other detrital components. This is where‘
selective (but objective) chip sampling becomes important.

One inherent problem of relying upon surface outcrop
sampling is that available outcrop may present a ready-made
sample bigs. This is because the different facies of
Waulsortgﬁn Mudbank do not hecessarily retain compareble
resistance to the processes of weathering. Data from
Ballybeg Quarry (Figure 6.15) illustrates the possible
geochemical differences that may exist between different
facies of mudbank, by utilising drill core (or quarry face)
samples, where the problem of uneven weathe:ing is_avoided.:'

If sufficiently good control is available on sample}mediom, ‘
ie. matrix purity, and freedom from other possibleooon- |
taminants, then a quicker dissolution technique (eg. stronger
acid, such as Hci) could be applied without‘signifioantly |
affecting the final results. However, even purevWaolsortiaﬁ
Mudbank comprises an assortment of facies of differing' .
biogenic and textural component phases, apart from any 5
possible abnormality in composition. Brand (1981) advises £

against the use of multicomponent and multiphase matrix.
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material for interpretative geochemical investigations,
instead favouring the use of monomineralic components,
such as fossil tests.
One means of bypassing the possible effects of diagenetic
modification on trace element geochemistry would be to
utilise those components of the rock that were initially
composed of low-Mg calcite, which remained relatively
unaffected by recrystallisation and diagenetic interchange.
An example here would be to examine the trace element con—‘
tent of brachiopod shells (al-Aasm and Velzer 1982, Morrison
and Brand 1983). Problems arising from this, however, would
relate to the relative scarcity of brachiopod remains in
the Waulscrtian, the difficulty of obtaining a sufficiently
large sample without time-consuming separation techniques, i
or the need to apply electron microprobe examination, with
associated problems of preparation,‘expense and reduced ]f‘"
analytical sensitivity. - : ’ s
Some potential exists for the use of cathodoluminescenceilyil;‘
ih carbonate 1ithogeochemistry, mainly‘for‘microeXaminatioh:m
' of trace element distribution (eg. in studies of diagenesis)‘ci )
or in very localised studies of trace element dispersion o
i in vein wall rocks close to mineralisation (Chen et al 1978). o
‘rather than in regional reconnaissance programmes.5;v* ”

2+ and~Fez~) produce lumin- !"’l

fCertain elements (notably Mn
e escence characteristics, either activation or suppression;vf;l”

in limestones and dolomites (Meyers 1978), but a number ofi’i,:«t
others may also be involved (eg. sz ; Ce 2+ N12 ; Machel'; i:i‘?

| ’1983).; Frank et al (1982) quote a figure of 280 ppm Mn asii“fjlf




the critical threshold level required to induce luminesoence.
This would be very convenient for application to litho-
geochemistry, being very close to the threshold values of
Mn used in this study. More information would be required
first, about the effects of Fe and other trace elements in
suppressing luminescence, and balancing out the effects of
elevated Mn levels. Apart from the ambiguities that may
arise in intefpretation of results, the need for relatively
sophisticated equipment and elaborate preparation reouire-
ments are further drawbacks which impinge on the use of
cathodoluminescence in lithogeochemistry.

The application of lithogeochemistry to rocks other than
Waulsortian Mudbanks may require a restructuring of method-
ology, frgm sampling and analytical ;echniques, to inter-'
pretation of results. In sediments with lower (or non-
existant) carbonate contents, Mn and Fe wili more 1ikeiy
be present inless soluble forms, requiring a different anaiyt-
ical ﬁechnique from that used in this study, fof example,f
a nore powerful dissolution method for atomic absorption"
analysis, or else X-ray fluorescenoe; One problem arising
then, would be the need to discriminate between trace e"
elements associated with the detrital fraction of the rock,
and any trace elements originating from hydrothermal sources.
Variable proportions of detrital constituents of a sed~.
iment would lead to very fuzzy or erratic background ievels,
and possible failure in recognising subtle anomalies aris—
ing from hydrothermal input. k e

Comparison between the percentage of anomalous samples
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around each deposit examined (for both (Mn+Fe)/2 and 2n)
illustrates the relatively poor definition of some of the
aureoles, particularly towards the North Midlands (Table
7.2a,b). This may reflect a general weakness of the sea-
floor hydrothermal activity, or mechanisms of dispersal of
hydrothermal effluents, in that area. It may also be a
result of the higher background}levels of Mn and Fe in
the same area (Figure 3.9), reducing the contrast between
anomalous and background levels.,
Tynagh appears to have, statistically, the'best.defined,
(Mn+Fe) /2 and Zn aureoles, with the highest proportion
of anomalous samples.  This is particularly true in outorOp
patterns‘«Table 3.5). By comparison, Silvermines outcrop
samples are very inefficient in defining the. extent of
trace element enrichments developed around the mineralisaté
“ion (Table 3.6). e “, e
of the deposits examined in this study, surface outcrop ;
sampling on a reconnaissance basis (with the same sample ;
density) would’have‘probably incitedofurther interest_in‘“ .
~ the vicinity of the Tynagh, BallinalackQ"Ballyvergin,';‘ |
Moate and Cbﬂttbrown'depoéifs, bnt not'at‘Kee1"AherioQ Aﬁa'°*"‘
vSilvermines. The reliance on core samoles to 1ocate enrich~td‘o
ments at the 1atter three deposits is one weakness of the ‘if:o
'technique.,» oy ‘
A numbercxfpotential pitfalls await the exploration geologist
 utilising lithogeochemistry in carbonate terrains, which - |
also apply to non-carbonate terrains.? These are summarised Tf;

as follows:-




Location Mn+Fe Distance Threshold| Anomalous samples (%)
2 (km) (ppm) Proximal Distal
Tynagh : 6 250 94 ld
Silvermines 4 200 79 15
(Nenagh) 4 200 68 15
Ballinalack (5) 300 76 9.3
Keel 4 300 35 13
Moate/Moyvore 6 300 35 7.5
Ballyvergin 6 © 250 26 0
Aherlow (2) 250 86 0
Courtbrown * ' 250 91 : 8.2 .

Table 7.2a: Comparison of (Mn+Fe)/2 aureoles (as % anomalous samples)
around each deposit exémined, From data given in Chapter 3.

Location A Distance Thresho}d Anomalous samples (%)
| & (km) (ppm) Proximal Distal
Tynagh - 6 ' 10 82 : 4
Silvermines 4 10 63 16
(Nenagh) , 4 10 41 - 16
Ballinalack (s) 10 28 )
Keel - ‘ 4 10 7.5 ‘  “0
Moate/Moyvore 6 10 4.3 l-li |
Ballyvergin 7 6 1000 1 (3 - 0
Aherlow (2 10 11(52‘ 0
Courtbrown Lk . 10 ” VO*ft ‘ :~4.l

Table 7.2b: Comparison of Zn aureoles (as Z'anomalous samples) around

each deposit examined. From data given in Chapter 3. * For Courtbrown, °

limits of aureole are | km from the edge of the inlier, and anomQIOus‘f

Zn in proxlmal samples is 217 if core samples of Russell (unpublished
data) are included.



1) Failure to recognise genuine background levels because
of too restricted sample coverage. For example Barrett
(1975), who stated that no Mn aureole was present around
the Ballynoe baryte deposit, and geologists at Tynagh
(J. Clifford pers. comm. 1982), who stated that no Mn
aureole was present around the deposit there, after sampling
only core (ie. proximal) samples;

2) Failure to locate stratigraphically restricted anomalous
horizons, because of insufficient sample density'or»restrict-
ed areal coverage. For example, Russell (unpubliShed work)
failed to locate appreciable Mn enrichments around Sllver—
mines, and possibly also Al-Kindi (1979), whose samples
failed to&indicate primary enrichments around the Mallow
deposit (see Section 3.5.4 and 6 3. 5),f

3) Generation of misleading patterns, linked more to litho- ,
logical,changesvthah hydrothermalwlnput becausexof'coméxl |
'tamination from 'detrital' and other sources, and non- | o
selective sampling and analytical techniques (eg. geologists,ls,

~at Keel, see Section 5.3.1). | 7, . | V
"This also includes misleading patterns generated by includ“ fl:f
ing samples from two or more non-comparable lithological
units, with distinctly different geochemistry, in the same
study. For example, Finlay et al (1984) at Navan, and
geologists at Meggen, who were mislead by high Mn valnes
in down-dip, basinal limestones of. different character to leali
the along-strike, shelf limestones (M J Russell pers.ra;lfﬂi
”comm 1985); ' 5 ' v

4) Generation of 'artifiCialf,anomalieslfrom'non?hydrOtheffjgff




mal sources, such as diagenetic processes (probably signif-
ied by substantial Sr loss, hence the need to analyse
routinely for Sr), or intense pressure solution (which may
be responsible for some of the anomalous values of Mn

and Fe associated with red marbles, for instance).

These potential pitfalls should be borne in mind when

planning a lithogeochemical survey of any area.
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CHAPTER EIGHT - Conclusions.

Examination of the trace element distribution patterns
around some Irish Lower Carboniferous base metal deposits
substantiates the hypothesis set up in Chapter One of this
thesis, and a number of the proposed aims of this study are
achieved in the process. Firstly, as trace element aureoles
appear to be a common feature around synsedimentary Irish-
tyoe mineralisation, lithogeochemistry has a useful potential
as a tool in mineral exploration in the Irish Carboniferous.
Also, valuable information on genetic aspects_of the miner-
alisation is revealed by examination of’the trace element
patterns,&much of which has~significantlinfluence~onithe
application of the technigue in exploration.S‘Some'ofsthese
points are summarised inithe‘following oaragraphs. l | |

The sampling technique favoured utilises selective chip i
sampling of mudbank limestone outcrops, to avoid secondary
or epigenetic contamination, or,visible mineral»impurities,.‘
such as sulphide, dolomite or mud seams. This'naS‘the‘“
advantage of being undertaken during reconnaissance (eg.’lﬁ
mapping) stages of exploration, and if anomalies are proauced;-f
allows more intense activity to be focussed on more local H:it
areas of interest. ; » o _g” g‘ |
- The principal analytical technique aoplied in this study
utilises atomic absorption spectrophotometry analysis of
samples for Mn Fe, Zn and Mg, following dissolution by
‘weak acid (2M acetic) at elevated temperature (90 C) for

1 hour.: This technique has the advantages of relative

dus




simplicity and rapidity, without loss of precision. It
also has some ability to discriminate from those trace
element patterns associated purely with facies or litho-
logical changes, or secondary or impurity-related con-
taminants. Nevertheless, because of small-scale inhomo-
geneity, particularly in the vicinity of known mineralisat-
ion, some care in interpretation is required when attempt-
ing to identify primary trace element patterns associated
with syngenetic hydrothermal processes.

Analysis of approximately 1600 samples from throughout the
Irish Waulsortian reveals that background levels of Mn and
Fe, well away from obvious hydrothermal influence, are not
consistent. Instead, they vary from below 100 ppm in the
southwe;&} to over 250 ppm in the north Midlands. Back-
ground lovels for zinc are below 10 ppm throughout the
country. ’

The Tynagh deposit is surrounded by a pronounced‘Mn and
Fe aureole to at leaSt 6 km distant, with elevated Zh (ahd
Sr) values to about 5 km., Over 80% of samples from within
these aureoles are considered anomaloﬁs, relativo to back-
ground values. The enrichments appear to extend thioughout
the Waulsortian sequence with no obvious stratigraphic
control |

Enriched Mn, Fe and Zn levels occur throughout much of.the
Nenagh-Silvermines Basin, but those aésociated with the
Silvermines deposit are present up to at 1east 3 km distant,
in Waulsortian and equivalent carbonates. ‘These enrich-

ments,;however,.display poor surface expression, because
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of limited outcrop near the mine, and theilr confinement
largely to basal mudbank sediments.

Examination of vertical borehole profiles of host rocks
at Silvermines allows an insight into the early develop-
ment and later, waning stages of hydrothermal activity, with
peak Mn, Fe and Zn values coincident with the ore horizon.
In the vicinity of the stratiform deposits, enrichments of
Mn, Fe and Zn extend about 100 m into the hanging wall
carbonates, with Mn and Fe especially concentrated in the
dolomite breccias. Over 60% of Waulsortiag and eéuivalent
samples from within 4 km of the deposits retain anomalous
Mn, Fe and Zn. Elevated levels of Mn, Fe and Zn also extend
into the gootwall sediments, with zinc to 6 metres, Mn to
30m and_gé possibly to as much as 100m below the base of
the ore ﬁorizon, although further wérkig;required to de-
lineate their overall extent. The ratio Mn:Fe increasés
steadily upwards from less than 0.1 (over 30m below) to
around 0.5 in the ore horizon and immediately uhderlying
sediments,‘and finally‘averages about 10 in the hanging 
wall above 30m from the top to the ore horizon.

The principal controls on areal distribution of Mn and;Fe
around Silvermines are: original Mn And Fe levels in thé
exhaled hydrothermal fluids; 1oca1 precipitation bf large
tonnages of massive pyrite and siderite (rembval,ofllarge
amounts’of Fe relative to Mn); and the ¢arbonate-dominéted
geochemical environment of»the surrounding shelf,(teieSCOva‘.}
ing any lateral.fractiénation of Mn and>Fe).,’ | B

Another possible hydrothermal sourceis centred a few kilo¥i]'



metres to the east of Nenagh, with enriched Mn, Fe and Zn
values covering a radius of about 4 km. Two-thirds of

the samples from this zone carry anomalous levels of Mn and
Fe, and sulphide mineralisation has been discovered near
its centre.

Within 5 km of the Ballinalack deposit, over 75% of mud-
bank samples contain elevated levels of Mn and Fe, in the
micrite phase of the limestone. Discontinuous outcrop
precludes the definition of the overall lateral extent
of the trace element aureole. Anomalous Zn levels account
for 28% of samples within 5 km, most of‘these occurring
more proximally to the mineralisation, in drill core.
Borehole brofiles reveal no apparent vertical distribution
trends in{the mudbanks.

The Keel deposit is associated witn weak enrichmentsoof
Mn and Fe in surrounding mudbank iimeStones; occutring‘»'
in 35% of samples from within 4 km of the stratiform miner—"

alisation., Enriched zinc is recorded only in a few .

borehole samples, and both outorop patterns and drill”holejo" -

profiles are suggestive of a concentration of anomalous L

Mn and Fe values towards the base of the mudbank sequence.’""us

A similar proportion (35%) of mudbank samples within about -
’6 km of either the Moate and Moyvore prospects yield anomal—.t’
ous Mn and Fe levels. :

Enrichments of Mn and Fe in mudbanks around the depositSﬁ"“
of the Ballyvergin area suggest that exhalative processes ‘

Were active during Waulsortian deposition.- However, only? :

| a quarter of samples<m311ected within a 6 km radius of the} »itre




centre of the deposits yielded anomalous Mn and Fe levels
relative to background, with even fewer anomalous Zn values.

Core samples from within 2 kmof the Aherlow prospect con-
tain anomalous Mn, Fe and Zn levels, although the overall
lateral extent of these enrichments is unclear because of
the lack of outcrop in the vicinity.

Enrichments of Mn and Fe at the base of the mudbank lime-
stone extend for a considerable distance (at least 6 km)
along strike f:om the Courtbrown prospect. This pattern
is suggestive of a more central exhalative;sourCe,‘some,
where to the east of the existing prospect; possibly re-
presented by a number of old base metal trials in the sub-
reef inlibr. Anomalous zinc appears to be confined to core
material, from Courtbrown itself, |

Mudbank limestone samples collected from around the Mallow |
‘prospect failed to delineate any appreciable primary en-

richments associated with the mineralisation. e

x-ray fluorescence data from SilVerminee indicaﬁee‘ajclosef
relationship between high absolute Mn and Fe conten;}Hhighf nd
‘ insoluble trace elenent‘content‘(Sibé;iAlzoa}eKéd'gnaia¢ia;‘if
~ insoluble Mn and Fe), dolomite, and ciay minerailimpurities»
'dindhost»rock carbonates to the,straﬁiform ofe.pdfhis-highe,

lights tne influence of post-depositional processes,~inc1udéi

ing recrystallisation, dolomitisation, pressure-solution T

and volume reduction, which have severely modified the dis-'
dtribution patterns of trace elements around the mineraliSw;

ation at Silvermines. One result is the enhancement of Mn’ﬂ,;




and Fe values, particularly in dolomite samples, although
the post-depositional patterns are probably based on pre-
viously existing primary (hydrothermal) patterns in the host
rocks. This brings to light, however, the possibility of
encountering 'pseudo-primary' enrichments (entirely diag-
enetic in origin, andwith no connection to hydrothermal
processés) when exploring in relatively poorly known areas.
To help identify these, routine analysis for Sr might be
useful, since the diagenetic processes which magnify Mn
and Fe levels in carbonates usually lead to depletion of
Sr.

Application of the lithogeochemical techniques in explor-
ation of %reas with unknown potential has resulted in

the discoéery of minor Pb and Zn mineralisation in Waul-
‘sortian carbonates, surrounded by extensive Mn, Fe and Zn
enrichments in two areas, one in north Co. Cork, the other

in the Nenagh area.
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APPENDIX I - Analytical Techniques.

Introduction.,

As set out in Chapter 2, the problem of analysing impure
carbonate samples for trace elements associated with the
carbonate ('non-detrital') phase requires a dissolution
technique which is potent enough to break down the more
stable or resistant carbonates, whilst leaving intact the
non-carbonate fraction. Trace elements such as Mn and Fe
may be released from non-carbonate minerals in the rock by
even weak acid attack (Martin and Chabot 198l1). This
must be minimised to prevent severe distortion of apparent
Mn and Fe levels in the carbonate minerals.

There isga general lack of agreement in published work on
a suitab}é'analytical technique for application to this
problem (as outlined in Chapter 2), due partly to the often
very different nature of the samples involved. Because ef
this, a number of experiments were conducted on represent-
ative samples of relatively pure Waulsortian Mudbank LimeQ
stone, and impure and dolomitic equivalents, to determine
a suitable dissolution‘technique for applicatidn’to‘this
study. i S
Which acid?

Preliminary experimentation with verying acetic acid con-
centrations, both heated and unheated, on pure calciumdcarfd
bonate and dolomite powders, indicated that ihcreased temp-
eratures Were required to break down doiomite Within A"feas+,7l’
‘onably short time. Digestion with more concentrated acid e

took place much more quickly in both hot and cold experiments. -

j"A!; ‘



Stronger (2M) acetic acid dissolved CaCo, effectively
whether heated or not, but fully dissolved the dolomite
only when heated. The weaker acid attack (0.2M) was gener-
ally insufficient to digest either carbonate powder fully,
particularly at room temperature, and the reaction with
dolomite was still taking place after four days (Table A.l).

As a continuation of this experiment, a number of samples
of dolomite breccia and footwall argillaceous limestone
from Silvermines were subjected to a range of acid attacks,
this time quantitatively, by analysing for Mn in the result-
ing solutions. Comparison was made also with hydrochloric
(0.5M and 3M), and concentrated nitric - perchloric acid
mixture. gx—ray fluorescence analyses were performed on the
same sampies to allow comparison with a total value of Mn
.in both acid-soluble and insoluble portions‘of the rock.

Hot 2M acetic acid gave the best overall‘extraction.rétés
in both rock types, at over 90% extraction of total Mn |

(Table A.2).

In a similar experiment, the results for zinc were exaﬁined
(Table A.3), and zinc extraction improved»(as did analjtidalb
precision) in the order:~ cold 0.2M<hot 0O.2M<cold 2M<Hot ZM
acetic acid. ’ o ' ,

Although higher extraction rates were\obtained»uSing both |
hydrochloric and nitric-perdhloric acidé‘(as wouid bé,expeéﬁé -
ed if a sulphide was the principal source of zinc), pooref
analytical precision was achieved. Even with the mosﬁfdilute,
weak acid digestion, 1eachingiof the sulpﬁide qohtent-Was

most likely taking place (Martin and Chabot 1981).
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Figure A,J: Comparison of Manganese extraction by weak acid for A.A. analysis againat X.R.F,
analysis ('total content'). Undertaken on 48 samples from the Nenagh Basin, using both hot 2M
and cold 0.2M (Russell 1974) acetic acid digestion, Filled symwbols represent muddy or dolomitic

samples,

Cold Digestion  Hot Digestion

Acid Used Sample . +* S +

M . medium Overnight Overnight
Acetic Acid 0.2M CaCO3 ; incomplete vvincomplete?

" "  dolomite incomplete® incompleté
Acetic Acid 2.0M Ca003 ‘ ; complete = - gompletg

" " dolomite incomplete?® - cbmblete

* after four days ? effervéscence ceased, much insoluble residue |

Table A.1: Results of overnight acetic acid digestion of calcite and dolomite powders.




ACID USED (AND CONCENTRATION) PERCENTAGE EXTRACTION ON A.A.
' A B c
Cold Acetic (0.24) 28 65 - 40
Hot Acetic (0,2M) 55 84 - 64
Cold Acetic (2.0M) 80 92 84
Hot Acetic (2.0M) 88 97 91
Cold Hydrochloxie (0.3M) 84 90 86
Hot Hydrochloric (3.0M) 75 78 76
Cold HNO,/HC10, (25%) 73 80 76

Table A.2: Manganese extraction by different acid digestion, on Atomic Absorption,

Expressed as a percentage of 'total' value (measured on X-Ray Fluorescence),

A = Dolomite Breccia samples (n = )
B = Muddy Reef Limestone samples (n = 3)
C = Average ¢f A and B {n = 9).

ACID USED (AND CONCENTRATION |  PERCENTAGE EXTRACTION ON A.A.
Cold Acetic (0.2M) L - €& '(<7) L (<$)‘
o dcetic 020 €D B«
Coid Acetic (Z.OM) ‘ R Y | 17 o ii‘i |
Hot Acetic (2.04) 2w s
CCold Hydrochloric Acid (0.30) 30 saf’7f"‘f”?3§fifé’ﬁ
Hot Hydrochloric Acid (3.0M) i (75)% - (80)* '{31:(76)1i:
Cold HNO,/HCIO, (252) . o (74)k (83)* Q.‘w k(76).
* including samples with A.A. result greater than X,R.F, result .

_Table A.3: Zinc extraction by different acid digestien, on Atomic Absorption.
‘Expressed as a percentage of 'total' value (measured on X-Ray Fluorescence). :
A= DDlelte Bteccxa and Slderlte samples (n = 8)

B = Muddy Reef Limestone samples (n = 3)
C= Average of A'and B (n = ll).




Experimentation with a batch of 45 powdered samples of
pure Waulsortian limestone from the Nenagh - Silvermines
area was undertaken using both cold, dilute (0.2M), and
hot, more concentrated (2M) acetic acids, to compare the
extraction of Mn from pure mudbank limestone samples with
X.R.F. analyses of the same samples. Three muddy and
dolomitic samples were also included, and the results are
depicted in Figure A.l.
Although pure Waulsortian limestones contain less than
2% Mg, manganese is still not fully leached by the cold,
weaker acid attack. On average, 54% of the totai Mn (by ‘
X.R.F;) was released from each sample, compared with 93%
by the hot 2M acetic digestion. This is in spite of the
fect thetjthe cold samples were left overnioht, and’theri”
heated samples digested forsonly one hour.’ The‘percentage
extraction of manganese is lowered by the presence of
~argillaceous impurity or dolomitisation, in both methods
of leaching, as indicated by the three impure, dolomiticdieye;d”
samples. In these, more Mn is locked up in relatively iy
insoluble minerals.,,- |
" Repeated analyses‘for Mn7and~Zn wererperformed:ou~three:ﬁ"
representative samples of 'reef—equivalent‘ rocks from |
around the Silvermines deposit to determine precision levels i
| ‘for the techniques under scrutiny.' A minimum of twelve f-vfﬁdht
analyses were performed on ‘each’ sample for each technique.f“d:*‘
A variety of acid strengths and temperatures Were invest~ ff;f?r
© igated, similar to previous exoeriments, on one dolomitic=tifl?f

‘ sample with low Mn content, one dolomite with high Mn con*f;\ S




tent, and one argillaceous limestone ('Muddy Reef'), also
with high Mn content.
in this experiment, analytical precision was seen to
improve, sometimes considerably, when the samples were
heated during digestion, in both dilute and concentrated
acid attack. This was the case for both Mn and Zn (Table
A.4),
For routine application to mudbank and equivalent samples
from around Silvermines, the use of stronger acids (HCl or
HNO3/HC104) was -avoided, because of their effect on non--
carbonate minerals, and the poorer precision levels obtained by
experiment.vln addition, reduced breakdown of carbonate~by strongeté
mineral acids is indicated by lower extraction rates forrmanganesekf
, in the nitric - perchlorice digestion. e
The more powerful leaching capabilities of the two stronger
.acid digestions on non-carbonates (sulphides in particular), =
’were considered inapcropriate for application here, partly‘”-i;d
because of the increased sulnhide concentrations oresent o
‘in the host rocks close to the Silvermines deposits.;
of the fcur acetic acid digestions experimented with, the o
hot 2M leach was preferred because cf its ability to break fdf;f
, down the more resistant minerals rapidly, with anparently
improved analytical precision over the other three.”'“" R

How hot, how long?

A number of simple 1eaching experiments with hot 2™ aceticih'g[
acid were then conducted on’ a sandbath, to determine the
‘optimum duration and temperature of heating required fcr

| :sample digestion. The conditions sought after were those
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favouring most complete dissolution of carbonate minerals
with minimum leaching of non-carbonate.

Identical aliquots of selected powdered samples of varying
composition were subjected to hot acid attack for varying
lengths of time, from O (ie. cold attack) up to 120 minutes,
on the sandbath. After the required duration of heating
was reached, the samples were immediately quenched under
cold water, filtered, and analysed for Mn, Fe, Zn and Mg.

The experiment was also carried out on relatively pure
samples of massive pyrite, sphalerite and argillite‘fromﬁ
Silvermines, to compare their leaching behaviour under the
same conditions, with impure samples of host carbonate.
The results are summarieed in Figures A.2 to A. l3.~ :

One set, df experiments was conducted at a lower temperature R
of 50% (Figures A.6-9), while the remainder were conduct~ |
ed at 90°C (Figures A.l10 to 13) Solution‘temperatures within”f
the digestion tube do not stabilise until after 45 minutes
at either setting (Figure A 2) ““‘ . | ; | ;i

The results show that breakdownig;not quite complete in
the lower temperature digestion, as continued weak release ov
of Mg, Mn and Fe is still taking place after 75 minutes in ;
the dolomite, and possibly ‘also the limestone samples (Figureﬂ;
'A567). | . v ¢
| At the higher temperature attack Mg is fully released %éhivy
from the limestone samples after 15 minutes,mand from dol»l;i““'
‘ omites after 30 minutes (Figure A. 4 ,5). Manganese and iron“
are released in approximately the same time, indicating more,¥7ﬁ

or 1ess complete breakdown of carbonate minerals within gi**”tf
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Figure A.4¢ 90°C hot 2M acetic acid leach of low Mg limestone samples,
showing rapid release of Mg, and levels stabilising after less then

30 minutes.
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.: - T 4 T ' Y ’ -
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t min
‘Figure A.5: COmparxson of Mg release irom two Sllvermxnes dolomite samples'k>:3
at 50°C and 90° C, hot 2M acetic acxd dxgestxon. (3139 1= impure dolomlte

breccia with j0.0Z Mg, KL662 = fairly pure dolomitic limeatone with 6,52 Mg);vv
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30 minutes, at the 90°¢ setting.

The presence of pyrite in a sample leads to significant
contributions of Fe after about 30 minutes, by which time
the temperature in the solution appears to be sufficiently
high to leach Fe from pyrite (Figure A.ll, samples m,n;
Figure A.3, samples S1, Ml).

Argillaceous carbonate does not appear to contribute Mn
in this way, by leaching from eg. clay minerals, unless it
takes place within the first 30 minutes of digestion
(Figure A.3, sample Ml). Iron is leached from fine-grained
pyrite in this sample, however.

The leaching of zinc from small amounts of sphalerite,
present ih many of the samples, commences at relatively :
low tempefature (Figure A.8, sample 9; Figure A.12, Samples‘
i,j,k,l,m,n: Figure A.3, samples Ml, S82). Zinc levels in
solution only remain Static’with tiﬁe if ebsolute valuee
are low, suggesting that there is no sphalerite present‘ih
the eample. Zzinc appears te be released ffbm Zns’more o
readily than Fe is from Fesz. |

From the results of this set of experimenfs, onevheﬁr on
‘the sandbath was considered sufficient time to allow complete
breakdown of the‘carbonate minerals, without substantial:”'
addition of Mn, Fe or Mg from the supposedly insoluble fract—
lon. To further quantify the experiments, the percentage'g
extraction of each element (Mn, Fe, Zn) after 60 minutes
on the sandbath, for 6 of the samples (those for which X.R.Fa 
data was available), was calculated using fhe X;R;F; feédlts

as the 'total' content (Table A.5). The six samples in-

A6
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cluded dolomitic, non-dolomitic, impure, pyritic and zinc-
rich examples. Of the limestone samples (1,2,4), 80 to
90% of the total Mn is leached, whereas in the dolomitic
samples (3,5,6) this figure drops to 65 to 70%. Iron

and zinc are also quite thoroughly leached in the pure
limestone sample (1), but only weakly leachéd in the impure
samples, (2 to 6), with between 60% and over 50% remaining
in the insoluble portion. Even after a further 30 minutes
of leaching of the argillaceous and Fe=- and Zn-sulphide
bearing samples, 70 to 90% of the Zn and 95% of the Fe
remain insoluble,

Analytical Precision,

Initial Eests on Mn content of 8 dolomite and limestone
samplesngﬁowed analytical precision to be better than 10%

at 95% cénfidence limits, for the 1 hour leach, hot 2M
acetic acid, digestion technique (Table A.6). Further
repeats on a number of representative samples were carried
out to determine the precisioh levels for Fe, Zn and Mg,
as well as for Mn (Table A.7). For Mh, Fe ahd,Mg; pfecisibn
is generally better than 10% at 95% confidence limits, If
pyrite is present in the sample, however, Fe preciéion'levels'»
deteriorate because of weak leaching from the sulphide in
the high temperature attack. | |
Analyticélvprecision for zinc is pobrer because of its ;~
presence largely as a sulphide, only partiallyrleachedkby
the dissdlution technique. At low levels of zinc in the-
rock (beloﬁ 10 ppm);‘precision is very‘poor, becausé of p:o- 
ximity to the lower limit of detection of the analyticalr

method (Figure‘A.lé).
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APPENDIX T - Hanging Wall and Footwall Profiles.

In these diagrams, (Mn+Fe)/2 and Mn:Fe are plotted on logarithmic .

scales. Figure A.0: Key for Figures A.l to A.l5.
M .
¢ Calp Limestones, Supra Reef

Undolomitised Waulsortian Limestones

Dolomite and Limestone Breccias

Sulphide mineralisation

Ore Horizon (Ba = baryte; Sid = siderite)

Stromatactis Reef Limestone (footwall)

Muddy Reef Limestones

Muddy Limestones

Sections arranged in approximate E-W sequence, foilowed by footwall

sections in same order:

Figure A.1 - Wh, WS, W6, WI.  Figure A.11 - V1, B 139
A2 - V41, V42, O aaz-m,
A.3 - §2, S8, S6. ~ A.3 -Bs.
Adb - V21, V28, A4 =Bh.
A5 = 75/2, V23, V24, A _‘75/3;,‘ f
A.6 - G217, S ‘
A.7’- vi7, Ms.

A.8 = Y1, K38, K37,
A.9 = BI41, B 143,

A.10 = 77/1, 76/3.
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APPENDIX II - Machine Operating Conditions.

Atomic Absorption Spectrophotometry.

Sample preparation and dissolution techniques are outlined
in Chapter 2 and Appendix I. Analyses were performed on
an Instrumentation Laboratories I.L.251 Spectrophotometer
at the Department of Applied Geology, University of
Strathclyde. Operating conditions for the elements Mn, Fe,
Zn and Mg are given in Table B.l.

X-ray Fluorescence Spectrometry.

Analyses by x-ray fluorescence were carried out on a
Phillips P.W. 1410 Manual Vacuum X-ray Spectrometér in |

the Department of Applied Geology, University of Strathclyde,
under the%supervision of M. MacLeod. Samples were analysed
in presseé powder pellet form and machine'operating

"conditions are outlined in Table B.2.

Electron Microprobe Analyses.

Electron Microprobe analyses were performed on a Cambridge
Instruments Microscan 5 at the Grant Institute of Gaology; -
University of Edinburgh, under the guidance of Dr. P; Hi1l;
Analyses were produced using both electron dispersal and
wavelength dispersal methods,von polished.thih sectiohs‘pre-
pared in the Department of Applied Geology,‘University:of ‘
Strathclyde. ’The apparatus produced anélyticai resﬁlté'asv

% element, to 4 decimal places.

Inductively Coupled Plasma Analyses (I.C.P.).

Ahalyses were cénducted at King's’CQllege,/ﬁondon,}6n §
Phillips 54-Channel Inductively Coupled Plasma Emission
Spectrometer, by'Dr. N. Walsh,'following aqua-regia

dissolution of rock powder (Programme Bl).

A8



Element Wavelength Lamp Current §lit Widsth P.M. Voltage Lamp B
(nm) (ma) (w) (mV)
Mn -{ 403.1 2.5 160 530 no
279.3 2.5 160 620 no
Fe 248.3 5.0 80 800 no
Zn 213.9 4.0 320 700 yes
Mg 285.2 3.5 160 460 no

Table Bl: Machine operating conditions for atomic absorption analysis.

Elewent/ Line 200(:background) Tube kV' mA Counter Coilimator Cryatai Couniing
oxide ] ; ‘ - time (sec)
§i0,  Ka 109,21 +2.0 Cr .45 25 'flow  coarse PE 40 (4)
A1,0, Ka  145.13 28 Ccr 45 20 flow >cara:ae/“ R 40 GO
|k ke smETan0. Cr 4520 flow  fine PE 100 (20)
‘ | cao Kb 10023 ¢1.5 €5 40 12 flow fine  LiF, 20 (2)
‘g0 Ka 44,50 42.0 - Cr . 45 20 flow  coarse  RAP 100 (40)
Mo Ka 952 42.0 W 50 25  flow  fine 'Lin‘éo 40 0
| Fe . Ka 8573420 W 30 10 flow  fine  LiP, 40 20)
R Ba  (b,lb) 126.9552.7 W 50 40 1% (':o‘aryéc‘ 'x.iwm:'yloo w)
| ] st ke 3sesel0 W 50 25 ecint Hne  LiBy, 40 (20)
N0 o Ka 5.25 475 Cr 43 30 flov  coarss  RAP 100 (100)
Pb . (LbyyLb,)  40.41 #.41 W30 25 ‘scint - fine  LiF,n, a‘o' (200
o Ka . 60.58410 . W 50 25 ‘Vc;n:c", fine :f‘xL’inéo“ 40 (20)
s Ka a 75.85 +1.5 Cr 45 520k“’£iow ; cdaEs;‘ . 5‘01(205‘ 
Kb Ka 389410 W 50 25  scint . fine L, 40 Q0)

..

Table B2: Machine opérating conditions for X-iay fluorescence ahalysis.
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