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ABETRACT

Central Ireland contains some of the largest FB-Zn in Eurcpe. The area
iz poorly exposed, with Ethick glacial and poat-glacial depopita and
sxtansive agriculture. The Enown base metal depoaits are hosted in Lower
Carboniferous cerbonates and are stratifoem in pature.  ALL the sajor
depoaits are adjacent to fawlts and there is praferential develapensnt
near to the Courceyan/Chadisn boundary. Fucther deposits are likely to
exigt heneath a cower of younger Carbonilferous rocks andfer beneath
thick Guaternary depesits. Such depoaits are likely te e Blind to
copventional sxploration nethods.

The Corbonifercus rocks of Central Irsland overlie the zone of the
Cakedonian collisien suture (Impetus suturel. The structure within the
Carboniferous cover consists  of a series of E-W to ENE-WEW trending
daxtral shear zones. Mere stable blocke lie betwesn  Ehese transcurrent
shear zones. Surfece and sub-surface oRpping abt the Silvernines ore
dapesit showed thet the ore bodies were generated in the fternination
some of an E-M dextral shear zone., The termination cocurd agalnst an
inferred graniteid pluton in the basement . The epigenetic Ballyvergin
veln deposita 1ie in » dilation =zone at the intersection of major
dextral and asinistral shear zones,

Hew methada of analysing the patterns of lineaments interpreted
from merial photographs and enhanced Landsat imagery have delfined the
known  transcurrent shear sones. Thess mathods have alse located ned
ahear zones within previously unnapped areas. The zones predicted by
this analysis are aupported by  independent ground  stroctucal and
geophysical dats. Structural nodels derived from these analyses allow
the prediction of possible exploration bargets.

The geochemical, geophysical, cemote sensing and structural 4ata
have bes=n statistically sombined using computer classification. Ey
introducing geochinical data, this procedure provides, to some extent,
an indepandent test of the previcus predictions besed on the  structural
nodels. Dox classiffceation has located new tRrget arcas based on the
combination of data fron known minsral deposits. Discriminank analysls
for & set of unmineralized and mineralised 1KnZ sites shows that the
ground  structural date alone was capable of distinguishing BDetween
urmineralized and mineralised sites, With multivariste dissriminant
analysie {exeluding the structural datal, the gecchemical and
derivative asromagnetic data proved to bBe tast discrininatocs. The main
problens which arese from the digerimant analysis were concerned with
the ipterpolation of data,
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1. INTRODUCTION

Central Ireland consists of an extessive area of Upper Palaesraic rocks
covering a Caledanian basement. Four major Ph/Zn/Cu ore bodies (Fig. 1}
and many smaller prospects occur, hosted mainly in Lower Carboniferous
1imes tones. Although the deposits at Tynagh, Silvermines and Gortdrum are
ne  longer actively mined, that at Navan is still in production and the
search  for Further orebodies s being actively pursued. Host of these
bodies are relabively shallow and surface traces of Eheir mineralisation
are  apparent. Shresn sediment sampling and shallaow geophysical prospecting
methods further Tocalised the deppsits. #8s the search for deeper orebodies
devaloped in kthis heawily glaciated terrain, the need for expenzive zail
and rock geochemistry has greatly increased exploration costs.

all the known orebodies Tie near major faults, and where these
intersect Lower Carboniferous 1imestones they present possible exploration

targets. Thowgh there is o well established spatial aszzociation between
nineralisation and fauwlting in Central Ireland, the majority of Faults are
unmineralized., In fact mineralisation occurs at a few favoured places on

otherwise barren faults. In the absence of detailed structural analysis of
known deposits, apart from the pioneering wark of Rhoden [1953]) at
Silvermines and Moore (1975} at Tymagh, it has not been possible to explain
this Tocalisation of mineralisation, Jlet alone predict which faults are
Tikely to be mineralised and where. In view of the sparsity of detailed
structural data from the Carboniferous rocks of Central [reland, & study of
the structural controls of mineralisation was funded by the Natianal Board
for Science and Technology between 19380 and 1983, which involved the
Geology Departments at Trinity College Dublin, Queeen's University Belfast,
University College Cork, University College Galway, and the Geological
Survey of Ireland. In 1%EF, as a result of & 12 sonth research contract
with the Commission of the European Economic Community, the study led on to
an  extensive correlation programme in which the new surface and subsurface
structural data for a 5,000 km area of west-central [reland were integrated
with remotely sensed, geclogical, geophysical and geochemical data in an
attempt to improve mimeral explaration methods within the Community. :

In wiew of the poorly exposed pature of the bedrock, remote Sensing
methods {mainly Landsat and aerial photography) have been developed to aid
structural amalysis, The thick glacial sediment soil, and vegetation cover
preclude  the wse of remote sensing to map bedrock by spectral reflectance
characteristics (5iegal & Gillespie 1980). [rstead, both Landsat and
aerial photograph dats were wsed to identify lipeaments and 1ineament
patterns, This paper presents a brief inteoduction to these methods and
150 shows how  Lhey can be enhanced by correlation with other ground data
sels, The correlation should provide & significant aid to sxpleoration in
the fulure,

F. CALEDORIAN STRUCTURE

Caledonian  basement crops out in & nusber of inliers (Fig. 1) which can be
ﬂ‘:“'!fﬂn'E‘d intg narthern and southern groups separated by the lﬂPE'T-IJE suture
rone [PRiT1ips et al, 1976].

The HNartherm inliers dinclude the Slieve Aughty, 51ieve Bernagh and
Brra mountaims. The succession starts with Caradoc basalts, cherts and
graptolitic shales; the pelagic oceanic facies being replaced by northerly
derived turbidites 1im the late Llandovery and Wenlock, The strecture
consists of @ series af strike faults bounding  blocks 8 which the



Fig. 1. Struwctural subdivisions of Hest Central Treland
[nsert shows [opetus suture (1.5.), Variscan Fromt (¥.F.),
Munster Basin (M.E.)] and location of major ore depositis;
Kavan (M), Tynagh (T}, Silwernines {5) and Gortdrum {G].

kR

Fig.. 2. Major gravity (m.gall) amd magretic (gamma}
anomalies and major ore deposits of West Central Ireland.
Barbs findicate decrease in anomaly walue. T: Tynagh, 5:
Silvermines, B: Ballywvergin, C: Courthrown, G: Gortdrum,




syccession  generally  woungs  northwards. Cleavage i5 stepep in the fauth
With a stretching lineatiom sub-parallel o strike, i1t becomes Tocally
flat-lying fn the rnorthern part of the 31ieve Bermagh and Arra Mountains.
In the Slieve RAughty [nlier the cleavage dips moderately to the south and
fFacing is downwards, The stratigraphy, sedimentology, faumas and structure
indicate that these inliers belong ta an accretionary prisn marking Che
sgaal:-lm margin of the American Plate (Phillips et al. 1976, Leqgett et al.
1 -

The Southern inliers comprise the Slieve 8loom, Dewilsbit, Slieve
Felin, Silvermines and Cratloe hills, where the succession consists of a
moratonous  series of sandstomes and siltstones of Wenlock age. Im contrast
to  the Morthern inliers, these contaim a mwixed shelly and graptolitic fauna
and derivation, where known, i5 from the east, The strecture is deminated
by wpright falds and strike faults which repeat the Wenlock strata over at
least 30 km across stefke.  The structural style and palagogeography is
conparable to that seen Farther to the east in the Leinster inliers and
they are interpreted as part of the Eurcpean Plate.

Thus, the major structural element of the Caledonides in wesL-central
[retand 1= the callition suture {Tapetus suture) marking the baundary
between the lapetus Ocean during the Cambrian and Ordovician., This plate
eollisfon, together with actretion st the southern margin of the American
Plate, produced Caledonian folding and cleavage with variable trends about
the overall MHE=SM to ENE-NSM trend of the suture. The Silvermines-Kavan
fault system is thought to coincide with the trace of the suture.

Bround the Mepagh area there isz & marked bend in the Lrace of 1he
cyture [Fig, 1) and this s associated with & complex pattern af strike
variation in the Caledenian cleavage. The western end of this bend
corresponds  to a large negative Bcuguer anocmaly (Fig. 2} which gravity
modelling  suggests  represents a granitic pluton in the hasement. The
effect of these features an the later Variscan tectomism i5 of cansiderable
importance in understanding the structural controls of mineralisation.

3. VARISCAEN STRUCTURE

Mast of central Ireland i% underlain by a thin (c. Z kn] sequence of
Devonian and Carboniferous rocks, chiefly Lower Carboniferows. Both
Dimantian and Mamurian wrocks thicken westward into the Shannon Baszin 1o
attain a taotal thickeess of ower 3 km. The Upper Palaeozoic rocks alsa
thicken farther to the south into the Mupster Basin.

The Upper PFalaepzoic rocks show & very heterogemeous  pattern of
deformation, comprising blocks of varying degrees and styles of deformation
separated by major faults and shear zomes (Fig. 1]. The area is
traditionally considered as part of the Variscan foreland (Sanderson 1984),
Structural synthesis of this lTarge, and generally poarly exposed reglon 1s
hased om recent detailed structural stwdies by Coller (1313} and Dolanp
(1984a,kb).  These, togsther with further ground maping, have been used a5 a
basis for a regional dnterpretation baced extensively on Landsat imagery
and aerdal photography,

The overall trend of folds is E-W to ENE-WSW but these become modified
within and adjacent ta major faults and shear zemes {Fig. 3]. The fold
style waries with stratigraphic lewvel, mainly in response to differing
lithalogfes, but there is little awerall wvariation in strain at different
structural levels.  Argillacecus wnits, such as the Clare Shales and Lawer
Limestone Shales act as decollement zones, but deformation is mot confined
ta the overlying strata and there is Tittle displacement and thrust averlan
of strata. Cleavage 15 heterogeneousiy developed and intensifies and
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swings fnto the =hear zones. In the Tess deformed blocks cleavage may be
ganerally abzent or manifest as widely spaced salution seams.

The West Clare and South 5hannon Blocks, west and south of the Fergus
Shear Zone, represent relatively unsheared domains within which there is a
ganeral southerly increase in  dintensity of deformation, indicated by the
l'igh[.EH'iﬂg of EME-WSH and E-H trending upright folds and intensification of
axial planmar cleavage, This iz in contrast to the more heterogensusly
deformed Central Ireland Block, east of The Fergus 3hear fone, where
cleavage and fractures vary in orientation and intensity across a series of
EME-WEW chear rones [Fig. L)]. The West Clare 8lock iz howewver dissected by
at  least one low strain ENE-WSW trending dextral shear, the Lahinch Shear
Zone [Fig. 1), which has been interpreted from statistical analysis of
Landsat Tineaments. In the two westerm blocks both aerial phote Tincament
analysis and field fracture patterns indicate & comsistent patterm and
sguthward facrease in the development of conjugate NNE (simistral) and WNW
[dextral]l wrench faults and minor shears which overlap in  time with
cleavage formation. This sbtructural patiern suggests the main deformation
west of the Fergus Shear Zone is one of simple N-5 compression with Tittle
shear oF rotational strafin component.

The Fergus Shear Zone is a broad, dominantly dectile, sinistral shear
zone which varies in width from & to 15 &km. It extends from the Shannon
Estuary narthwards for at Teast 7O km. At its sputherm termination, the
margins of the zone appear to diverge, possibly against the large positive
gravity amomaly (>100 g.u.) which may represent more basic material in the

undariying Caledonian basament. Within the shear zone, the reqional ENE
trending falds are tightened and rotated anticlockwize developing numerous
higher order folds, Similarly cleavage, which remains axial planar, is

rotated and enhanced. Fault patterns withim the Fergus Shear fone can be
interpreted in  kterms of conjugate Riedal shears within a sinistral =imple
shear zone, producing NNE trending wrench faults (R shearsz] parallel to the
zang , and shorter ESE-55W dextral wrenches (R' shears) of smaller
displacersents, Approaching the southern fermination of the zone, South of
the Riwer S5Shannon, Tocal WHE-535W synthetic, smaller scale shear zones
rotate E-W cleavage and folds.

Within the sheared Central lreland Block 45 a relatively low straim,
unsheared region, the HNemagh Block {Fig. 1), which i3 broadly coincident
with a Targe negative Bouguer anomaly which probably representz a granitic
intrusion at 3 to 4 km depth in the basement (Fig. 2). The structure aof
this block comprises a large open NNE  trending syncline aof  Lower
Carboniferous  Timestone with po  associated cleavage and Tittle wein
deve lopment. Minor structures typical of the surrounding shear zona
regime, in particular en echelon folds, are absent. Riedel shears and
heterogenous cleavage are not developed. Thus, 1T appearsthat this low
strain, unsheared bloeck §s probably related to rigid behaviour of the
buried granitic intvusion. The 5ilvermines Shear Zone terminates at tha
margin af thiz block.

4, DEXTRAL WRENCH TECTONIC HWODEL

Central Ireland represents a foreland shelf, lying to the north of the main
Variscan belt., Arguments exists as o Che Tocation and stgrificance of tThe
Variscan Front in Western Europe. Hithin Ireland the front is generally
placed between the Munster Basin, with its thick Upper Palaeozoic
sedimentary fill and strong cleavage, folding and faultling, and central
Ireland, with its  thinner cover and generally weaker, buft more
heterogensous  deformation [(Fig, 1l). It is becoming more widely recognised

1=



that the narthern part of the Yariscan belt represents a complex series of
b::1ns deformed at wvarying times by combinations of thrusting and dextral
chiear .

Bagham (1982} has suggested an overall strike-s1ip or wrepch model ko
explain the lack of structural continuity abong the belt, the indistingt
nature of any suture, the low degree of crustal thickening, the prosence of
long-Tived wrench faults and to accord with the sparse palapomagnetic
evidense available. One of the most important, althowgh not nEcesLarily
disgrostic, features of strike-stip belts 13 the complex and Tocalised
style and timing of deformaticn, Thus, rifting and basin develapment maw
oLour  in one place, conbemporanecus with thrusting and folding in another.
The transient nature of the deformstion in both space and time iz achisved
by the imterchange or transfer of compression and extension along wrench
Taul ts. In thiz respect, wrench faults play a somewhat similar role to
Lransform faults between lithospheric plates, The tectonic transpart
direction within the northern parts of the Variscen of Mestern Eurape is
generally 1o the WKW or MM (Sanderson 1984, Cowsrd & Smal lwood 1964) and is
thus abligue to the general ESE-MEW trend of the belt. The result aof this
abligue closure 15 to generate an owerall dextral transpressive reqine,
wWhick Sanderson  (1984) amd Max  and  Lefort (1983] have discusced with
réspect  to Ireland. Swch E-W belts of dextral transpression extend into
the foreland, for exaeple, the Ribblesdale foldbelt of M, England
{Arthurton 1983) and the Wezt Midlands of Ireland {Coller 1984)

Under this dextral transpression, the lapetus suture in the Caledonian
hasement s suttably orientated to be reactivated as a rone of dextral
shear, but if simple N-5compression operated then sinistral movement would
result. The Tocalisation of Variscen shear along the suture is manifest in
Lha i lvermines-Mavan fault system, which was active during the
Carbonifercus and contrels mineralisation.

4.1 Structural Pattern In Wrench/Transpression Zones

Wi Lhimme_\ﬁ%WWE may develop. Using
simple shear Wileox et al, (1978 have outlined the gemeral en echelan
grrangenent of structures (Fig. dg), Many departures from this cimple
pattern can occur in response to modification of the boundary conditions,
stress  field and pore-fluid pressure in and around fault zones, One of the
simplest nodifications invelves the dntroduction of a component of
comprassion or  extensicn  across the rone, this is termed transpression
[HarTand 1971, Sanderson & Marchini 1984). Basically, compression causes a

reartentation of Lhe maximum compressive principal stress, producing folds
and  thrusts at a lower angle to the zone and extensicsn and Riedel shears at
a higher angle (Fig. da). The opposite is true for extension across the
zame  (Fig. 4c). The increased development of cleavage and folding, and
their low angle to the zome, Suggest that compression is general in the
shiear zones of West Central lreland,

4.2 Dilation and Compression Zones in Wrench Fault Systems

The individual faults developed in a regional shear system are often
discontinucus, and displacement along them must be transferred inta
compression and diTation at their terminations (Fig. Sa}. The termination
zones need nat be symeetrically arranged. The wrench fault: themselwes may
develop in order to transfer extension andfor compreision from one place to
another. The termination of the 5ilvermines Shear Zone 11lustrates the

features ©of such dilation zones (see below) and many similar features hove
been described from weench fault systems elsewhere, for pxanple, Najd
Fault (Hoore 1979}, Hepe Fault (Clayton 1966}, Dash-e=Bayes Fault
(Tchalenko & Ambrageys 19700,
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Owerloap of Tawlss ([Fig. 3] leads to a similar, but more symmetrical,
petiern, producing pull-2part grabens (Crowell  1994] and Black aplifts,
Bends  alsc generate compression and dilation zoess  [Fig. Scl and are
partfcularly importent in brafded fauit sysiems. Tramsient compression or
dilation zeses may develop during perdods of moversst on the hent portions
=1 faults. during the development of Tinking Ffaults To transfer povement
Trok ofe Tawlt 1o andiher, Or where bends are indeced by fauhts propagating
fato o aroudd obitructlions.

Interspctions of actiwe wremch  faults will give rise to compredsion
armd dgifation gones [Fig. Sd); care sust be taken to distinguish Chis from
sifuaticns o & new Faulb crosscutling 4md displacing an older one. Slip,
without dilation or compressicm, 15 only possibie on teo Intarsecting
faults if it is parailel to the intersecbion, RWrench Fawlis generally have
steeply plimging  imiersections, which are al a high angle tn the
sub-horizontal  slip, thus some compensatory deformation 15 refessacy, AL
low straims, this may take the Torm of gilation, cowgressicn end volation
of the faults (orracged a5 fn Fig. 5d).  For large displacements,
additional movensnl fomed may develop producing 2 type of triple-junction
fef.  uceamic  triple-junclicns, McEenzie & Morgan 1967).  dn exact analeg
with plate junctions 15 mot feplied as the blocks er ‘plates' fn this study
are Eneyselves deforpabla,

5, DETECTIGH OF FAULTS AMD SHERR ZOKES

The dmportamce of structuraliy generated @flation pones in the Jocation of
knmwn  mineral deposits has already beep described. It 15 evident that che
future dizscovery of similar potentially minerabised pomes  will depend
Ql"EﬂlT]" on  the  recognition of shear zones and the accurate delfnealion of
trvpir  marging  and  ternipalions. It is alsp probabie  that potantial
@i sgoweries A the Liwer Carbomifercus of the Iedsh Midlands will be in
areas  of getensive drifL cover within which 1imited geological  and
structural  fnformation w681 be avallable. [n these circumsiances, 1t is
suggested that the application of remote sensing  studias wWill affer 2
sfgnificent and cost effective exploration tool tomineral prospecting in
Iredand.

Tar: Forms 0F remote semsing data are svailahle for the [rish Midlands,
farial tographs, A& & scale of 1:30000, have Been interprated for tonal
and Ropographic  linpaments.  Unerhanced Landsat 'iua?m'-_p (Fig. Ba) shows =
limited amount of structural information.  Directional filtering of Landsat
imagary [Fig, 6b) hai prowed to be & very useful techedque Tor detecting
1ineamen 4

Shear  zones  end fawlts  dm cover  rock  sequences generally occur as
conplex  zomes o systens of  fractures. Sore zones may he maniTest as
Slople  Tfnespents on remolely  sensed  inagery, BUt many ofcur as subkle,
corplen  systems of Tineaments vefTlecting The distribution, sense and ampunt
of steain fe the 2ome, [m this section we will discuss some of Ehe methods
uied Lo detect fault aed shear pongs, particularly using remdlely sensed
imagery, based on  exanples draen madnly  Froe the Fergus end Quin shear
2ORES.

The mapping and direct display of structural featurss and §ineanenls
allows the larger Blocks and shear zones 1o be defected. The rotation of
Tolds and cleavage (Fig. 73 linto the Fergus Shear ZFone 15 ohvious where
gyround structural cata d5 availahle; imland, howewer, the Timits of Che
mene arg  less olear, Limited cattrop allowed the minor structures to be
mapped in  sole defail. Folds progressively tighten and eotabe slightly em
echelon Bo the zone.  Fault patterns within the zone are distinctive and

.
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can be  interpreéfed in fterms of conjugate Riedel  sheard with dominant
MNE-55W  wrench  faults (R-shears] and subordinate ESE-M3W antithetic faults
(R'-shears), KW-5E extensional fawlts commonly oceur.

The comcentration of structwret and |ineaments in Che Fergus Shear
Zeng  can be expressed 1n terms of demsity [total Tength or frequency within
a specified square qeid). [n the Wesl Midlands most of the known shear
rpnes  show  an  increase in Tracture and Tineapent dEI‘IE'it;r' within the rons
[Fig. #). Many authors have recoqnised this increase in fracture density
in fault zenes [eg. Wheeler & Dimon 1980], but occasional studies show the
inverse arrangement (pg. Pobn o 19E1}. With remotely sensed 1incaments,
density i nmol simply related to degree of fracturing and nmuch variation
cari be atfributed toa wvarfatien in  thicknesz af drift cover eobte. [ses
Gabcock 1974},

The FEI"'I]I..IS and  Quin shear zomes are nat I’:.IZPTMESS.E-d a5 rones af hiq!'l
density of air photo  lineaments, peossibly because the I'H]'.'IPE'IJ intraaned
density of fractures and fracture Arrays have a] lowed o deeper Tevel af
weathering within these zones, Both the Fergus and Quim shear zomes have a
strong  negative topographic expression.  The Landsat |ineaments are Tairly
widely spaced and meed grid sizes of 2-5 km to cover encugh lineaments for
statistical amalysis, which limits the definition of the rames, Howewer,
Landsat Tirpeament density is mot  as  dependent on drift thickness and
lacates the Fergus Shear Zome as a broad demsity high  [Fig.  8).
Directional deniity, the percentage of lineanmenis ar fractures within
speciffed directional  intervals, is & wseful peasure of the dominsnce of
particul ar orjentations, HMany studies have shawn the preferential
fevelopnent of certain Fracture ey within fault romed [Eq Meaywar 1974].
F1!'|. 3 shows a low proportion of Landsat 1ineaments in the range 50 To 90
deqrees  withim the FEFE_]IJE- Lhear Zang, whereas there is a rl'igh |:||"I}|'.'l|:i-f"t'i|:|r'l af
lineanents  in  the vange 30 to 125 degeeec (Fig. 10).  This pattern 15 due
to the development of the Riedel shear system im Ghe zone, which 15 not
represented in the surrounding blocks.  These maps, particularly those from
acrial  photograph lineaments, allow detailed defimition of the edges of the
shear zone {(Fig. 10].

Anqular atlypicality (Preforius & Partridge 1974} is a moasure based an
directional density which uses the total data ina Terge area bo define
arientaticns which occur relatively infreguently (ie. are atypical]. The
percentage of such orfentatfons m indiwidual grid ¢e11% 95 then 4 measure
af  the ilt-_'l'D‘ll:aHt}' of the ¢ell. We have Found wvarfations in angular
atypicality associated with shear zones, but the naturve of these depends
strongly on the definition of the oriestations of atypical regional
arienlatians.

The development of complex  fractere  systems within fault zome:s s
manffest as a change in the degree of preforred orientation or randomRess
in the zene. A wieful measure af the randommess is Relative Emtropy (RED:

RE = -TOOM(E ;) p‘*uug?n‘n

1ag,h

Where N = nunber of classes (K = 18 far 10 degree class interwals) and P"i =
progortion of lineaments in class i, RE = 100X for pevfect randonness, RE
= 0 Tor parallelisn of linpaments.

A7




Fig. 5. Directional density nep of Landsat
Tinpaments in  the range 50 to %0 degrees,
showing & corridor of  low concentratiom of
lingaments of this orientation within Ehe
Fergus Shear Zome,

Fig, 1d. Directional density map of =erial
photograph  lineaments in the rarge 30 to 125
degrees,  showing & high concentration of
1imeanents af this orientation within  Ethe
Fergus Shear Tone, This correlates with The
high density of similer trending fraftures
(R shears) rcbserved withinm the zone.  The
boundary of this  zone of high concentraticm
coincides with the western margin of fhe
Ferqus Shear lone.
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Fig. 1L. Relative Entrapy map  of aerial
photograph  lineanents, shawing 2 high degree
af preferved artentation ii.8. =

randomness)within the Ferqus Shear Zone.
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Fig, 12, Contoured Group Mean map, showing
the clockwize rolation of cleavage into and
within the Quin Shear Fone
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The RE of 2erial photogragh linesments at the wesiern edge of the
Fargus Shear Zone (Fig. Ll) shows a grester preferved orientation of
frecture sets within the zone due to the reqilar develaprent of Kledel
shear pattern.

dne  featire which comes out clearly from most forms of data 15 the
charge in  orientation of fractuve and lincanent sets on entering shear
2angs, This phenomenan  has Been recognised in many studies of fractures
adjacent to faults (eg. Stearns 1968, Melion L3979, Crikchley 19815 and has
Ben - applied to regional fracture sBudies dn tEe noreth Pennine orefield by
Carter and Hoore [1578]. There 15 @ clear claockwise swing in mean
ocrigntation of cleavage ({Fig. 12} and & prominent N-5 joint set {Fig. 13)
ity the Quin Zhear Jone.  This can be fnterpreted as a rotation due fo
dextral shear fn this zene. Similar cownter-clockwise iwings occur in the
sinistral Fergus Shear Zooe, Due to The low density of Landsat |ineaments,
unless Targe grid cells are upsed, 2 very sinple and effective way of
displaging these strike cwings s in the farm of Filtered andfar colour
oded plots, In figure L4 the limeaments in the p‘-.a_ngp_- 20 to 20 degrees
display an obviows counter-clockeise rotation inlo the Fargus Shear fone,
which can  be viswally enhenced hy colour codimg, Other minoe shear zones,
such a5 the Juin ard Lahinch skear rones, also become morp abvious by these
e s . Wil & dense pattern of aprial photograph or Lasdsat 1ineansnts
it is possihle to produce 3 contaured Geoup Means Map hy calculating the
weLtor mean for deta within & specified range of orfentations.

The akility to reduce complex Tinsament patterns to scalar measurps
of & wide range of atbributes has greatly facilitated the recognition and
delimitation of Faults aad Shear zores. Zores previousiy known fron ground
structural work cam he mapped inte poorly exposed ground and their nmarging
and  ferminations delineated more sccurately. Ey 'finger printing' tha
lineament characteristics of the known shear romes, computer &ided searches
nay be wied 'noan atiempl 1o lecale new shear zones and hence potentiaily
nineralised sites.

G, |MTERPRETATICN OF SICVERMINES PBE-IM ORLCBODY

The 5Silvermfres area has besn mined discontinuously simce the garly 1¥ch
cantury. Thers are a number o siratabound Ph/Zn arebodies within Dhe
Upper  Palaegeoic cirsta, particularly the  Lower Carhoniferous, tegether
with economic barite mieeralisation I:tr'l‘." Eallymoe deposit). L[elensive
drilling in the 1960's and 1900's indicated ome reserwes of about 20 M
tons, grades warying from 1-58 Ph, O0-9% I, #6th up to 13 [Taylar 1979].
Production approaching 1 millicn tons was resched in the late 190015, e
addition #.5% W fons of barite ore {ab B3 barite] were indicated at
Ballynce.

For  several tens of kilometres west of Silwernines, the Siivermines
Shear Zone §4 & narrow pone of kigh sirzin and lerge displacement which
for the mnost part 5 accomadated aloeg 3 simgle madkor fawlt - the
Silwernines Fault. Hamewer,  just west oof Silwvermines the fawlt bends
clociwise  and terminates in a broad zone of deformation. Strafm is '||i1'g-|:|;|'
Apcomredaied by mowement on onewly initisted fractures [Fig, 16). Wirtually
11 of  thesp Tracturas steike clockwise of The trerd of the main fault and
fhence  1ie  in the exiensicnal field aof the dextral incremental shear. They
['IJFI.'I a majar dilaticmal rone, the averall stresiure blf'll'li; a stepped
half-graben: the Silwermines Fault formimg the southern boundary fault.

There are GThres dimporiant wmineraltsed horlzons.  The Upper Devonian
sandstones ere hosts to breccia and vein style mineralisation, with a high
inttial porodity  and  Tluid preszure possibly Facilitating hydraulic
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Fig. 15. Structural setting of the 5ilvermines srebodies. The

three Pb-Zn  stratabound orebodies [LG:  Lower ‘&' rone, G: ‘G
zone, B: 'B' zone)l were controlled by the development of oblique
extension Faults (OEF shown in red) at the termimation zone of
the 3ilvermines Fault., The feeder areas for 'G' and 'E' zone
statiform orebodies are located at the foci of the obhligue
extenzion faults at the points of maximum dilation [zee also Fig.
16a). The colour coding of the faults is explained in Fig. 1&b.
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Fig. 16a. A schematic plan summarising the main  fault
grientations and movement histories in the Silvermines area. The
fritiation and early movement of the faults is compatible with
fextral shear on  the ENE trending principal shear - the
Stiversines Fault.
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Tracture, Secondly, wein  and replacement mineralisation [Lower zome] i3
present  in the Lower Dolomite [bicclastic Middle Ballysteen Limestone}, in
which delomitization generated nuch secondary porasity.  The most complex
and important ctratigraphic contral of minpralisation i2 w1Thin
dalomitized, in situy and tramsported breccias which  owerlie  ar
interdigitate with Mawlsertian, mud-bank, recf Timestones. The two Targest
stratiform orebodies (the Upper ‘'G6° and 'B° zooes) are bosted in this
Tithalegy.

A17 the known mineralisation is within the limits of the dilabtion zone
and s at least partially coatrolled by fault activity. A sinplified model
cutlining the growth of the Faulting and dilation zone &t Silvermines 15
shawn  in Fig. 1. Tha Obligue Extension Faults {Fig. 15) were active
during the Lower Carboniferpus;metal zonation and textural studies suggest
that  they acted as feeders for mineral bearing flufds, with mineralisation
decreasing away from the faults. This 15 the situstion in the upper 'G'
apd 'EB' ranes where faults contrel  the development of debris Flows
producing  the mineralisated breccias, The maximun stratigraphic separation
an the “B' fault zome ii nmear its centre where a large slump fold was
generated. The breccias and slump fold suggest that the fault acted as a
‘growth fawlt' during the early Visean,

Transcurrent mowesent on the abligue extension (OEF), principal shear
(P), extension (E] and entithetfc Riedel (R'] faults [cee Fig. 15)
gererated Tocal dilatien zones at owerlaps, bends and terminations, and
these areas are often the sites of mineral concentration. The 'K" Zone
prebody 15 located om Ehe  Silvermines Faultwhers dextral mowement at a
clockwisze bend in the fault would have produced a Tocal dilatton zone (Fig.
17), Extensional faults generated the veins and breccistion in the Shallee
area and contribute to mineralisation in many of the other orebodies,

Hydraulic fracturing associated with all the fFaulting 15 comnoniy
lncalised along faults and results in fluid flow and sefsnfc pumping which
contribute ta the remobilisation and comcentration of cres, In addition to
thesg direct controls of mineralisation, open HE-5W tremding folds nay hawe
centralled the aligneent and position of mud-banks which in turn strongly
influence the distribution of stratiform ore.  These folds are conpatible
with compressian in a ENE dextral shear regime.

Thus, the Silwernines deposit is, a5 & whele, structurally contrailed
st & dilation zome at the termipation of the 5ilvermines Shear Zore.
Indiwidual Faults and resulting dilation zones control  the individwal
pretodies within the area, The extension Faults produced acted as feeders
for the symgenetic steatiform minerdlisatien.  Syn-sedimentary fawlting
produced & thick developnent of dolomitized 1imestones and breccias which
act as hosts  for the mineralisation. Later movenents and fracturing
produced epigenetic mineralisation in weins and breccias.

7. [NIERFRETATION OF THE BALLYVERGIN GROUP OF ORE DERDSITS

1% small sulphide and several assooiated calcite spar epigenetic deposits
sre cluctered ME of Ehe fnterzection of the Quin and Fergus Shear zones,
The swlphide deposits, chiefly Pb-Rg-Cu, are hosted in & warfely of
Jimestones of Lewsr Carboniferouws pge  and tend to occur as lTirmar Todes
assaciated with faults. The pattern of faults and miperalisatton  in

this area, at interprated from ground  structures and  rempole sensing,
indicates a complex of dextral, simistral and extensional miner Faulls
which ltocally contrel mineral lodes (Fig, 18], These faults and the
complex  basin and dome folds suggest an interference pattern resulting from
transcurrent  shear movements at  the  intersection of the twa major shear




OIS, Thus, synchranoys destral and sipistral  chear on the Quin and
Fergus shear gones respectively has resulted in a structyral dilation rone
which appears o have controlled the generation  amd location of the
Ballyvergin group of epigenetic deposits.

B, DIGITAL TREATMENT OF GEOLOGICAL DATS

We hawe described the structural Framework of the Most Midlands of [reland
#nd shown how the fnterpretation and statisticalanalysis of Landsat and
dertial photograph Fineaments cam help in mEneral puploraticsn. Sut o fully
understamd  The arigin of lineameniz, incarporate them in any structural
model  and develop @ multivariate explofation method, it i necessary to
integrate the remcte sensing data with all nteer avafisble geclogical data.

The starage of geclogical data im digital form allews  the rapid
comparison of different data sets, particulariy if the data 5 in image

Format. In erder to produce inzges fron nen-spectral data it is uswally
PECEESACY T fnterpalate the frreqularly disteibuted sanples onto a requl ar
Geographical  grid, [m Lhe case of Che Vicon im2ae processer at Trinity

College, Dublin, the deta are interpolated on to g 512 By 812 grid; with &
qrid spacing of 100m this results in a data set chwerimg an ares 5L.2kn by
51.2km, The grideddeta et can be turned 1aLo an inzge by scaling the
ramge of sample values to cover the display range of 0 [(black) tn P55
(white] and transferrimg each grid point a5 a pizel to the image processer.

With gealogical data sets in image format it 15 very guick and pasy to
use standard im2ge processing Lechmiques to enkance and analyse these data.
It i5 possible to rapidly overlay different data sets with the aid of an
A Processor te loak for wiswal  and statiskical corFelations.
Geogrephical information can be obfained by overlaging & Landset image
reqlitered o the geglogical  dimage; alternatively map data nay ba frput
fram a digitizer or video camgra,

A series of cowputer programmes inplenented on a VAKX 110780 computer in
conjunciicem  with  the  ¥icom fmdge processor, or an an Appla 1]
nicrocomputer, . perforn statistical processing of fndividual data sefs, The
statistical tfechniques used operate om either the image Format or raw data
fets, depending on the procescing methnd, and hawe been cevaloped For The
following gata cets: stresm sediment and soil geochemistry; arawity and
derenagnetics; ground  structure;  [inpaments, I treating the geclogical
data with compuber analysis the enphasis has been to firstly develop
mathods, based o geclogical  reasoning, which will eshance Che
interprotation of individual data <oty Only then has multivariate
correlaticon  been wnderiaken. Multiveriate analysis should not be Tollowsd
Blindly without any supporting geslagical kritwiedge or Framsagrs,

Integration af the varioud dats sets has procesded in throe directions.
Firstly, wisual cerrelations aof the processed data sebs were afded by the
overlaying Facility of the Yicon fmege processor, Secondly, maltivariate
patlern recognftion nethods, such as classification and principal component
aralysis, have be=en used o iovesligate the statistical correlations

betwaeen warvahlos. Fimally, discriminant analysis has beam used for data
from a test ares to 'fingerprint® the gqeolegical charactaristics . of
ril'?cra'l'isa.t‘ll:lrt. fspects  of pach of these three profedures are described
e i,




9, REELATION OF GEQPHYSICAL AND GEQCHEMICAL DATA WITH REMOTE SEMSING DATA

The correlaticen of geophysical, ogeochemical and remote sensing data 15
ilTustrated for an area within the Carbonifercus  terrain of Central
Irefand.

9.1 femol= Sensing Data
The ~Tineament ngﬂ sef from & typical aevial photogeaph interpretation

[Fig. 19) consists of mamy hundreds of Tines. Stetistical analysis methods
already described can be used to summarise tee underiying patternt in swch
# lineament map, The group means map of lineanent date is a gond Sechnigue
for detecting rotalion zones of [ineament orientatios. Figure 20 9% &
groy=scale  group pean feage  derived from  those limeaments in figure [
which strike between 40 degrees and 100 degrees  {average arientation =
BO  deqrees). Light Tones on the image show areaswshere linpaments strike
near o LO0 degrees (1.8, clockwise of average): tones are dark where the
lmearents  strike olose to &) degrees {i.e. anti-cleckwise of awerage),
Geological modelling, based om wrench fault patierns and ground structural
observations, suggests that the MNE Crending 1light toned rotation zanps
could be the vesult of NE dextral weesch faults,  Similarly, the KW
:I"EI;-d'II'IQ dark Toned rotalion zones could result from MK sintstral weench
aul ks,

9.2 Gravity Data

The raw gravily imege for the same region (Fig. 21} shows a ME trending
fine of grawity high [1ight-toned], Flanked on the west by o gravity low
[dark-toned}. The gravity high i5 due to a ridge of dense Lower Palaecioic
rocks, whilst the gravity  low may result FreR a local thickeming in the
Carboniferous caver.

Structural  observations  of  the mineralisation  §n the Irish
Carboniferous  have cemphasized the rale of faults in  locating mineral
deposis, The boundaries bebween the bedies Forming grawity ancmal ies may
often be  structurally contvalled. Thus, in integrating gravity data with
Tingament and ground  sTructural data the positiom of greavily ancmalies is
of lesger importance than the bourdardes Go these ampmalies, [m the
gravity data these bouwmdaries are manifest by sieep gravity gradiemts or by
changes  in the gradient or curvature of the gravity Tield. The regions of
high gravity gradient can be found by taking the first deriwative of the
rae gravity cata (Hemderson 1580], Figure Zi shims The First derivative
gravity Image; there 95 & good correlation between the Landsat rotaticon
zones (Fig. 2000 and the first derivatiwe high (Fig. 22).

5.7 Geechemical Data
The =ofl geachemical data for copper, lead and zinc are shown as a cobour

compnsite Al Figuee 23, This mage was prodoeced on The Yicom iﬂﬁgﬂ'
processor by displaying copper as shades of hlue, lead as green and zing as
rend, Thie Bblack reqions are aread where pd dats were available. The
zoleurs in the image  ard dependant om the relatiwe prapostions of Cu, Ph
g Ing  areas  having  similar hues of eolours have similar values of all
thrge  elemants, Coincigdent high values of Cu, Fb and In result in white in
the image . The colour compesite cam be correlated with bedrock
fitholngical or surface owerburden data, [t can also be wsed To Find
taincident anomalies in all three dabs spks,

‘-"-J'}":'-l".i- of  the Trrequency distribution of The geachemical data using
the cumslative freguency plot method of Sincleir (1974, L976) has shown
that the dakn =et for each element i coposed of theee popirlations. Fore
the  copper  data,  these population: have rages of <11 pped (poap.l), 12 pom

&T.




Fig. 18, The Ballyvergin group of  depesits, sharaineg

structiiral control  of calcite
mineral isatian

Fergus and Quin shpar rorses.
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Fig. 1%, Aervial  photograph lineaments for am ares o The
Central Widlands of [refand. Broz shown 15 about@Ex?S Em.
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te 31 ppm {pop. 2) and *32 ppn {pop. 3}, lUsing these populatian ranges it
is possible to assign each individual copper sample nto one of the thres
population groups.  This technigue allows a statistical definition of
cut-aoff walues to anomalies, [t 15 alse a wery useful method when
canbining data sets of different origin. The copper populations are shown
in figure 24, where population 1 is blue, population 2 is green and
population 3 is red.

On & -regional scale the western part of the area s damipated by
popuiation 1, with pockets of population 2 and points of papulation 3, In
the east population 2 predominates, with a greater scturrence of population
3 tham ip the west. Thus, in the west population 1 represents the dominate
background Cu value, with population 2 amemalous., In the east population 2
iz background and  population 3 it amamolous. The strong cut-off between
the region of background population I in the west and background pogulation
g in the east corresponds to the edge of a Lower Palaeozoie inlier, This
feature  also corresponds 1o the boundary between the NE trending gravity
low and high ({Fig. 21), suggesting some lithological and maybe structural
contral of the junction betweon the two background populations. Within the
area  of background papulation ! fo the west are soveral KW trending zones
of anomalous population &, which may also be structurally controlled.

LD. COHFUTER SAIFICATION OF MULTIVARIATE GEOLOGICAL DATA

[n the geochemical example given above it can be seen that it is very sasy
ta lagk for wvisual combinations of geological warishles wsing colour
composites displayed with the aid of an image processor. However this
technigue 45 linited to the 1rrte-gratf-;m of na more than three diffFerent
variahles at & time. [n many mineral exploration projects there are
comienly & multitude of different data sets or different statiztical
measures of these data. The storage of gealogical data in digital form,
especially dmage format, allows computer assisted pattern recegnition with
wirtually any nunber of data sets,

There are twe forms of pattern recognition available for multivariate
gealagical data on the Vicom/Vax image processing system,  The first
technigue s tersed ‘unsupervised' classification. In this method the
computer  looks for  statistical groupings hebwean samples within the data,
The qeclegist then  has to relate these groupings to knewn genlogical
Tactors. [n the szecond method, termed ‘“supervised' classification,
trainirg sarples are taken From restricted geographical sites within the
while dats set, Such a site should be gealogically hemcgenecus; am exanple
night be an ared of known aineralisation. The technique is not restreicted
te one category of site, but there may be several cateqories, For example
sites of vein mineralisation or sites of stratiform mineralisation. The
computer them compares each of the renmaining data points in the data set
with the training samples for each category, and classifies each point into
the category which has the ‘most sinilar® combination of all the gealogical
variables, There are several decision criteris to assign a point to a
Gabegory;  the most commonly wsed are the box  and  maximum-Tikelihacd
classirfiers.

The application of supervised classification to mipsral exploration in
Lhe Irish  Cerboniferous can be iTlustrated using the gecphysical,
geachemical and remote sensing data described abowve. Training samples were
Laken from the copper, Tead and zinc so0i1l aeachemistry data, fiest
cerivative gravity data and the group means aerial photograph 11meanent
data for =ites having knosn mineralizatian. The training sites were
characterised by moderate copper walues, high lead and zinc waluwes and high
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First derivative and graup means  valuss, Figure 25 is a colour-coded
classified 1image 1in which points having a similar cambination of all five
geEological wariables are shown  in red. These may ba areas of higher
mineral potential.

Computer assisted pattern recogrition (classification) thus allows a
rapid assessment of areas having similar values of geclogical variables and
hence  probably  similar geolagy. The technigue is, haowever, subject to two
mainm  sources of error. Fivstly, errors of amission in which the traiming
sampies do ant truly represent the full range of each wvariatle for a given
category, secondly, errors of comission arise where training samples for a
given category are taken from sites which are not gealogically homogeneous.

11. DISCRIMINANT AWALYSIS APPLIED TO NMULTIVARIATE GEOLOGICAL OATA

A major theme of cur study in the Carboniferous of Ireland has been to
dgavelop statistical correlation models for the different data sets which
might distinguish between mineralised and unmineralised areas., This goal
of 'fingerprinting' mineralization by statistical analysis depended wpon
acquiring in dicital form a suitable set of data from an area containing a

variety of types and scales of mineralization. For tha 5000 square
Eilometres of west Central Ireland the following data sets were abtained;

- Surface solid geology

-  Hineral accurrence data

- Lu-surface gealogy

- Surface and sub-surface structure

- Gravity

- Magnetic

- Landsat and alr photograph lineaments
- SCream sediment gt¢¢h¢m1$tff

tach data set were Jigitized, witng & 1K@ umil sguare, and Stored in
digital format.  Some data were smoothed or more rigidiy defined using the
1 square km call,

A sub-zet af 110 calls were selected from the total of 5,000 cells in
order Lo investigate whether there is a statistical difference in the
geology betw=ean mineralised and unmineralised areas. The swb-zet of 110
cells were selected based on the criteria that they were known with
confidence to be either mimeralised or non-mineralised and were confined o
areas of Tournasian bedrack (the age of the hast rock for stratiform Pb-Zn
deposits). The non-mimeralised calls were designated by the absence of any
recorded mineralization in the surface, and in some cases sub-surface rock.
The selection of non-mineralised cells proved to be a difficult problen and
the choice was restricted fo areas which had besn intensively inwestigated
by mining companies. This, however, gave a Gias 1in the data for
unmineralised cells, as the companies had been attracted fo these areas
partly because of the economically promising gealogy. Thus, the sub-sample
of  un-mineralised cells may not Truly have represeénted the total population
of  unmineralised sites. In addition, wunless a cell designated as
pndiineralized had been intensively drilled, then we could not totally
preciude  the possibility of mineralization im  these particular cells.
Mineralized cells were those with a vecard of lead or zinc mineral
socurrence without any classification of grade or style.

For each cell in the sub-zet relevant measures or summaries of each
data set were calculated. The Landzat lineament data were excluded from
this study because the wnit cell used in calculating lineament statistics




[10 by 1dkm] was considered incompatible with the sub-set cell size (1 by
1km], It was imposzible o reduce the size of the Landsat cell as this
would result im foo few Tineaments per cell. Aerial photograph lineament
and sub-surface structural data were alse excluded because of
incompletensss of thess data selbs for the region asa whole. The partial

coverage of the study area by the stream sediment geocchemistry and the
ground  structural data has resulbed in several of the selected cells hawing
an inconplete set of variables, which reduced the population for some
correlations.

11.1 3iatistical Methooology
The study was approached tram the point of view of discriminant analysis in

which an  attenpt i:s made to allocate lkm cells to one of two categories -
mineral 1sed orf non-gineralised - based on Ehe geochemical, structural and
gepphysical data, taken individually or together. The methad of lagistic
discrimimation, aF Iogistic regression, was adopbed, which models the
profability of mineralisation in a cell to a fumction of the data at, or
near that cell. The madel was fFitted step wise so  Ehat the final
discrimination anly conktains those variables which sionificantly contribute
te  the model. Cells were allocated to the mineralisation categery if their
calculated probability of mineralisation was greater than 0.5, ctherwise
they were allocated to the wieineralised class., The computer programne
wsed im this stedy was the BMDP rowtine PLR (Dizon 1981), implemented on
the OEC 20 at Trinity College. This study formed an Ho%c. thesis by one of
the auChars at TriniCy College [Murphy 1937).

11.2 Results of Geachedical Analyals

The gecchemical analysis was based on 18 mineralized and 5% un-mineralised
celly, data being unavatlable at the other locations. A significant nurber
of these 77 cells had geochemical walues that were intarpolated or
aptrapolated from other areas. Lithologically corrected Cu, Pb and Zn
stream  sediment  wvalwes, and & 0-1 variable indicating whether the cell has
a mixed lithology, were used asvariables for the geochemical amalysis.

The mullbivariate madel selectied step wise doss mat  include  FPhb,
resulting from the high correlation between Pk and In walues. JSeparation
af the distribution of fritted probabilities 45 goad, apart from five
mineralised cells which were given low probabilities of mineralisation

(Fig. 26a}. An examination of these misclassified cells showmed that ane
contained barium mineralisabtion and Lhis would npt be detected by the
chemical elements used. Three of the cells involwed interpolated or

extrapplated geechemical wvalues anmd thus contained suspect data, Mare
seriously, the fourth cell contained the major Pb-Zn deposit at Tynagh.
Strean draimage in The Tymagh area forms seall intermal basins and, thus,
ne uncontaminated stream sediment sampies were available for the mine area,
fgain, the geochemical walues for this fourth cell had been interpalated
from the swrrpunding arga.  The fifth cell contained trace copper, which
perhaps should not have been designated as a mineralized cell in the first
instance,

11,3 Besylts of Structural Analpsis :
The structural discrimipant analysis wWas based on 16 mineraliszed and 26

non-pineral ised cells. This was the smallest data et examined, but §t was
also the most successful. The variables used were calculated walues for
rielative entropy and atypicality of folds, fawlts, welins amd joints. These
data were obtained from the four types of structures im a & by Skm square
canbred on Lhe ¢ell in quesCion.
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The multivariate model was  Fitted wsing relative entropy of folds,
Faultc and Joimts, and atypicality of joints (Fig. 26b). There 75 an
almost complete separation between the cabegories, howswer, two residuals
were identified. One cell known to be mineralised had a low prabahility of
fineralisation, This cell cantained trace Cu miperalisation and was
perhaps not  significant in an area of mainly lead-zinc deposits, The
seeand  cell was originally allocated as non-mineralised, but the madel gave
this cell & high probability of mineralisation. There  was no ready
explanation for this cell.

11.4 PResults of Geaphysical dmalysis

The gepphysics analysis was based on 40 mineralised and 67 non-mineralised
cells, The date were mostly Snterpolated. OF all the data sets examined,
it was most difficult for the geophysical data to decide what features of
the gravity or magnetic field wouwld be most closely associated with
mineralization. Az the ground =structural stwdies had shown the close

relationship between faulting and mineralisation, it was cecided that three
derivatives might be the best measures For the geophysical data. Thase
derivatives were (1) the gradient in the direction of naxfmun slope {1st
derivative); [ii}) the rate of change in gradient im the direction
perpendicular to  the maximum slape (2nd  derivative); (111) the rate of
charnge af the 2nd derivative, again in  the direction perpendicul ar to
maxinun slape (3rd deriwative or cervature]. These three peasures were
caleulated fram a 3 by kn block survounding each cell,

The discrininant nedel fitted includged gravity and aergmagnetic
curvature and gravity first derivative {(Fig. 26c]. The separation of the
distributions of the resulting predicted probabilities was generally poor,
Ten mineralised cells were calculated to hawve Taw prababilities  of
mincralisation. Three of these cells exhibited aspecis of extrapolation
and pne cell couwld npof be easily explained. The remaining six
misclassified cells contained the large mineral deposits at 31 1vermings and
Courthriwn. These mineral deposits are situated at fault Eerminations and
in the Tocal erea  surrpunding  these cells  the geophysical fields were
rather flat. Some  better measure of Che geophysical Frelds is therelore
negded to identify fault termimations,

1L.% 1ts of Multivariaie Analysis

i multivariate analysis, coabining data sets, was performed on 30
mineralised amd 59 non-mineralised cells, Since there were fow cells with
structural data, thece were not  included dn  the analysis, despite the
successful  results  using this data set alone. This multivariate analysis,
therefore, only inyalved oJeochemicaland geophysical data.

The  model  fitted wsed Cu and In geochemical and  sero-magnetic
curvature valups (Fig. ZBd). An excellent separaticn was achieved, except
for four mineralised «ells which were classified as non-mineralised. Al
af the misclassified cells contairmed extrapolabed data values, and Thus are
suspect.  Signifcantly, all the major mineral deposits were correctly
classificd, a5 was fhe barffe mineralisation.

116 Discussion of Discrimipant Analysis

The results of this study suggest that logistic discrimination can be wsed
to e lp identify the multivariate patterns which “Tingarprint
mingralisation., Inspite af the initial difficulties in deciding whether a

cell was mineralized or not it has been successful in:-

(i) MHscriminating mineralised sites [using structural ar
mul tivariate datal.




{11} Helping to wnderstand inadequacies in the data {interpolatian
and extrapolation problems with gecchemical or geophysical datal,

1iii] Helping te define more cleariy what Features af the geophysical
data help to locate mineralisation.

The study has been particularly wieful as a pornter to further research.
Four areas of future research Eo mention are:

[i)  lmproved methads of dnterpolation amd extrapolation; perhaps
using geostakisbics,

(it} Eeploration of tnteraction between wvariables; perhaps Filling
‘hples' in one data set by estimates Trom other variables.

(111] Development of discriminant methods which are oplimal For
spatial data.

iiv] Development of new measures which characterize fauwlts or
nearness to fault terminations.

12, CORCLIESTAONS ARD DISCUSSTON

This study 4 part of a continding cooperative research programme aimed at
understanding and predicting the sSiting of m®ineralisation. A dominant
theme has bean the atbtempt to explain why some Fault Syitems are barren and
others locally mineralised. We have found that image processing of Landsat
Lapes, wsing directfanal Flitering of band T and textural analysis methods,
has provided a wuseful  hasis wpon which to identify large scale 1ineament
patterns. Intevpretation of aerial phobtographs provides additional
lTinsament data om a more Focal scale.

B range of patbern analysis methods hawe been  developed for the
structural and Tingapent data, which allow detailed mapping of major
gtructural zomes separating relatively homogemcows Blocks. Whilst this
analysis 1= essentially 2-dimensional surface and sub-surface structural
studies findicate the importance of a component of wrench tectonics, thus
facilitating Che inferpretaticn of the Timeanent data. AL Silvernines,
underground  structural mapping provided an ideal appartuniCy of correlating
this data with sedipentology amd  ttratigraphy, thus providing an
fategrated study of the camtrols of  syngenetic Fblfn mineralusation.
Grourd structural mapping  has  established a chramolegy of deformation,
which fogether with careful integraticn with other forms af geelogical
information allows a ‘kBastn  amalysis' approach, hence this study is mot
just & blind extension of the mapping of faults based an remotely sensed
dats,

In order to fully understand and use the structuval data it has been
necessary  to develop mew methods for processing and dntegrating remptely
sensied data with all the available geological, geachemical and geaphysfcal
data, ATthaugh we are sLill at an early stage of develaping mullivariztie
methiods suitable for exploration, we ave convinced that each data set must
First he processed separately, wusimg a wide wvarfety of wsethods, by
genlegists who are familiar with the natyre of the data and Che stedy area.
It 4c only by a trial amd ervor, 'tuning' approach that meaningful
imterpretaticns and summaries of the geophysical data and population
splitting af Lhe genchemical data have aided our gealogical
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interpretations, These unwariate summaries them allow miltivariate
correlations and  ‘fingerprinting' of mieeralised sites to be atterp bed.
Without this step-by-step geclogical interpretation of cach data set, a
mulivariate computer analyste 15 unlikely bo produce meaningful results and
nay coafuse and mislead the exploration process.  Moltivariate discriminant
analysis  highiighted the importance of the structural daté fn idenbifying
fineral ised sites and we predict that resote sensing data should be equally
successTul,
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