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EARTH SU:iENCE. 

By A. Wl. Evans.* B.Sc, Ph.D., C.Eng., M.I .M.M., F.G.S. 
and S. I. Maroof,* M .Sc , Ph.D. 

Attention is drawn to what appears to be a significant spatial relation
ship in the Variscan Forelantj of the British Isles between Hercynian and 
Saxonian base nnetal and fluorite-baryte nnineralisation and Caledonian 
granites. This is apparent as far as the Northern Pennine Orefield is 
concerned, and a similar relationship can be postulated for the Southern 
Pennine Orefield. Other examples are present in Scotland and the Mendip 
Orefield. Ireland affords good examples of this spatial relationship which 
is held to be a significant basement control for the location of many 
post-Devonian mineral deposits. Genetic and exploration implications 
of the hypothesis are considered. 

ZONING in orefields, the district 
zoning of Park and MacDiarmid,^® is 
a well known feature of many areas of 
epigenetic mineralisation. Normally it 
has a concentric arrangement with 
central zones believed to represent the 
area of highest depositional tempera
tures surrounded by zones whose 
mineral associations betoken lower 
crystallisation temperatures. The cen
tral zone has in many cases been re
garded as overlying the emanative 
centre from which the mineralising 
solutions have risen, in the manner 
Dines^ postulated for the mining re
gion of south-western England, one of 
the classic areas in which district zon
ing is developed. Here the higher 
temperatures of deposition in the inner
most zones have been confirmed by 
the fluid inclusion studies of Brad-
shaw and Stoyel.' 

In Cornwall the positions of the ' 
emanative centres deduced by Dines 
and the innermost metal zones are co
incident with ridges and cusps in the 
roof of the partially exposed granite 
batholith underlying most of the re
gion. Here the vein deposits and the 
granite are essentially coeval (Hercy
nian) and late stage hydrothermal dif
ferentiates of the granite magma could 
have, given birth to the mineralising 
solutions. As is well known such rela
tionships led Dunham* in 1934 to the 
then logical proposition that the 
mineralising solutions re.sponsible for 
the mineralisation in the Lower Car
boniferous rocks of the nonhern Pen-
nines had their source in a hidden 
Hercynian granite, an argument which 
later received support from the Hercy
nian model lead ages obtained by 
Moorbath^^ on galenas from .this field. 
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Such a hypothesis would clearly ex
plain the zonal nature of the northern 
Pt^nnine orefields of the Alston and 
Askrigg Blocks. Later the negative 
Bouguer anomalies delineated by Bott 
and Masson-Smith^ were found to 
show a close spatial correlation with 
the central fluorite zones of minerali
sation of the Alston Block and were 
interpreted as confirming the presence 
of a buried Hercynian granite, the 
Weardale Granite. This granite was 
penetrated by the Rookhope borehole 
which revealed that the granite lies 
unconformably beneath the Carboni
ferous and has strong petrographic 
similarities to the Caledonian Leinster 
Granite of Ireland. Isotopic dating indi
cated a Caledonian age and showed that 
the time gap between granite consolida
tion and mineralisation was of the order 
of at least 100 m.y.® The mineralisation 
in the centre of the Askrigg Block 
shows a similar spatial relationship to 
the buried Caledonian or Precambrian 
Wensleydale Granite,' whereas the 
mineralisation both north and south of 
the southem boundary of the block is 
spatially related to the Craven Faults. 

An analogous example of Hercynian 
mineralisation spatially related to Cale
donian granites occurs in eastem Ire
land. Here along the eastern margin 
of the Leinster Granite, notably at 
Glcndalough, there are galena-sphaler
ite veins for which Moorbath-* obtained 
a Hercynian model lead age. Trem--
lett^° mapped similar veins associated 
with, or in.small Caledonian granitic in
trusions present in the Palaeozoic rocks 
to the east of the main granite outcrop. 
Recently Ineson and Mitchell'* have 
shown that some base metal mineralisa
tion in Scotland, spatially related to 
Caledonian granites, is of Hercynian 
age. 

A picture is thus emerging from 
studies of mineralisation in the British 

Isles of the apparent importance of 
older bodies of granite in controlling 
the location of later formed epigenetic 
mineral deposits. It is the authors' con
tention that this relationship may hold 

'' in other parts of Great Britain, notably 
in the Southern Pennines, and that it 
may also be the case for many of the 
Irish base metal deposits. If such a 
relationship is as general as the present 
writers believe it to be, then it clearly 
has important consequences with re
gard to theories of mineral genesis and 
should influence the choice of areas for 
mineral exploration. 

SasGsnent graBiites, 
One of the more enigmatic features 

of mineralisation in the British Lower 
Carboniferous is the roughly linear 
trend of the mineral zones in the 
Southem Pennines which have a re
gional north-north-easterly trend and 
which, as at present exposed, do not 
form a closed ring or appear to be part 
of one (Fig. i). As can be" seen on this 
figure the higher temperature fluorite 
zone runs down the eastern part of the 
orefield and gradually gives way west
ward to a zone where baryte is the 
dominant industrial mineral. Baryte in 

-tum diminishes in importance west
wards and calcite takes its place. Dun
ham* suggested that the mineralising 
agencies originated in hidden Hercy-

, nian granite. No evidence for the exist
ence of such a granite was then 
available but the inference was a logical' 
one in view of the evidence and the 
then current geological theories of the 
mid-thinies. 

Recently Ford" after considering the 
mineralogical evidence from the Derby
shire field concluded that ic suggested 
"the possible presence of granitic 
sources near or under the eastem mar
gins of Derbyshire". The present 
authors agree that this is the direction 
from which .the solutions probably 
came, but they believe that the granite 
or granites from which ihcy emerged 
are not coeval with the mineralisation 
and merely acted as channelways in a 
similar fashion to those of the Northern 
Pennine Orefield. The evidence at pre
sent available suggests that they are 
probably Caledonian in age. 

Turner!' suggested the existence of 
a hidden Charnwood-Ardennes Arc of 
the .Caledonian mobile belt passing be
low the East Midlands. Le Bas"" has 
reviewed the evidence from the igneous 
rocks of Leicestershire and its imme
diate neighbourhood and interprets this 
within the framework of the plate tec
tonic theory. From his study he was 
able to argue cogently for the presence 
of a north-westerly trending Cale
donian igneous-tectonic province below 
the East Midlands. The exposed diori
tic, tonaiitic and granodioritic rocks of 
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Fig. 1. Total field 
magnetic anomalies 
for the Soutliern 
Pennine Orefield 
and adjacent, areas. 
Data from the 
Geological Survey" 
by permission of 
the Director, Insti
tute of Geological 
Sciences (N.E.R.C. 
copyright). Con-
touris are at 25 
gamma intervals. 
Known extent of 
fluorite mineralisa
tion is idicated by 
stippling; the baryte 
zone Is indicated by 
the letter B. Zonal 
boundaries are 
taken from Ford.'' 

this area have been shown by Le Bas^" 
to correlate strongly with those of the 
Scottish Caledonian calc-alkali suite 
and the geological and radiometric data 
now indicate the virtual certainty of 
their Caledonian age.'"-" The two 
known major intrusions are the Mount-
sorrel Granodiorite and the poorly ex
posed diorite-tonalite complex of south 
Leicestershire. 

Le Bas^° has collated the borehole 
evidence which indicates that this 
igneous province continues south-
eastwards and probably joins the Bra
bant Massif of Belgium. Its continua
tion to the north-west of Leicestershire 
has not yet been confirmed. Ford" 
wrote that there was no conclusive evi
dence for a granite source for mineralis
ing solutions east of Derbyshire and 
Le Bas-" (in discussion) was loath to 
argue that the aeromagnetic data indi
cated a north-westward continuation of 
this province. It is the present writers' 
contention that the principal positive 
magnetic anomalies of this area are to 
be ascribed to the influence of Cale
donian pulutonic intrusions and indicate 
that this igneous belt passes north-west
wards in a zone running parallel to and 
beneath the Derbyshire Orefield. 

The previous reluctance to postulate 
the presence of hidden granitic bodies 

in this zone probably stems from the 
fact that there are no negative Bouguer 
gravity anomalies coincident with the 
positive magnetic anomalies. One of 
the present writers^ has demonstrated 
that in the Midlands buried granite 
masses do not necessarily reveal their 
presence by producing a negative Bou
guer gravity anomaly such as is deve
loped over the Weardale Granite, In 
Leicestershire and south Derbyshire this 
is due to the low density contrast be
tween the upstanding parts of the 
basement which appear to be granite 
and the overlying and enclosing Car
boniferous rocks. This lack of density 
contrast can be illustrated by reference 
to Table i. The Upper Carboniferous 
Coal Measures and Millstone Grit have 
densities much less than that of the 
Mountsorrel Granodiorite which they 
surround and which may be taken to be 
2,650 kg m-^. (The Weardale Gran
ite has a mean density of about 
2,630 kg m-^).' Massive limestone of 
the Lower Carboniferous as might be 
expected yields a figure of about 
2,700 kg m-^. Some contrast with 
granites and granodiorites would de
pend on the Lower Carboniferous 
being largely or wholly limestone. In 
this case too with a cover of Upper 
Carboniferous or Trias having a den-

Table 1. Densities of some East Midlands rocks 

Formation 
Coal Measures | 
Millstone Grit j 
Lower Girboniferous 

Lower Carboniferous 
Limestone 
Idem 

Mountsorrel Granodiorite 

Locality 
Sproxton 

borehole 
Eakring borehole 

No. 146 
Bredon Cloud 

Eyam borehole 
Mountsorrel • 

Saturated 
Number of density 
specimens (kg m-^) 

5 
4 

60 

46 

4 
60 

2,720 

2,720 
2,660 

Dry 
density 

(kgm-S) 
2,470 
2,550 
2,580 

2,690 

2,710 
2,640 

sity of 2,450 kg m-^, the density con
trast is inadequate for the production of 
a gravity low.-'-' Many boreholes in the 
region snow however that limestone is 
not the only rock-type present. For ex
ample tne Eakring No. 146 borehole 
revealed the presence of much sand
stone and conglomerate. The average 
density for sixty samples from the 
Lower Carboniferous of this borehole 
is only 2,580 kg m"^. The presence of 
shale beas or shaly limestone also 
lowers tne density of Carboniferous 
Limestone and the limestone-shale for
mations of the Widmerpool Gulf prob
ably average about 2,650 kg m-^. It is 
tnis basin lacies which rests upon what 
is believed to be a hidden northward 
continuation of the Mountsorrel Grano
diorite wnich gives rise to a marked 
positive magnetic anomaly (Fig. 2). 
Seismic velocities for the formation 
concerned are of the right order for 
granite-granodiorite or limestone, but 
tne strong positive anomaly indicates 
a rock ot relatively high magnetic sus
ceptibility. This fact and the continuity 
of the anomaly with that over the ex
posed portion of the Mountsorrel 
Granoaiorite strongly suggest that the 
magnelic anomaly is caused by a buried 
extension of the granodiorite. The ab
sence of a negative Bouguer anomaly 
is explained by the lack of a density 
contrast between the granodiorite and 
its Lower Carboniferous cover. The 
relatively high magnetic susceptibility 
of this granodiorite was shown by 
measurements on 42 samples which 
gave a mean of 167 x lO"" SI units' 
mdicating an appreciable magnetite con
tent which has been confirmed by 
microscopic studies. 

Basement rocks 
In general the basement rocks of the 

East Midlands may be divided into 
two types. The first can be recognised 
and its distribution charted by gravity 
studies alone. It forms the basement 
beneath south-western Derbyshire and 
a ridge nmning south-eastwards to 
Charawood Forest. This type of base
ment material possesses relatively high 
density (about 2,800 kg m-^) and low 
magnetic susceptibility." 

The second type of basement mani
fests its presence by producing a zone 
of marked high magnetic anomalies 
one of which coincides with the outcrop 
of the Mountsorrel Granodiorite.'^ This 
basement material has a relatively high 
magnetic susceptibility and a density in 
the region of 2,650 kg m-^. The indi
vidual magnetic anomalies of this zone 
appear to be due to imdulation of the 
magnetic basement. In the present 
state of our knowledge it seems very 
likely that this, material is largely grani
tic (in the wide sense) and is present 
as a large batholith or a series of plu
tons. This conclusion is in keeping with 
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- Ee Bas' interpretation-" and it is perti
nent to note that a positive magnetic 
anomaly, comparable with that mark
ing the outcrop area of the Mountsorrel 
Granodiorite, coincides with the 
dioritc-tonalitc complex of south Lei
cestershire (Fig. 2). Magnetite is pre
sent in all the units of this complex. 
The Warboys borehole near Hunting
don which entered diorite at 170m 
occurs in a small area of low positive 
anomalies which is made conspicuous 
by the large surrounding area of en
tirely negative anomalies (Fig. 2). The 
N.C.B. in November 1975 proved 
granite at a shallow depth in the Kirby 
Lane borehole (G.R. 732175). The 
granite is an altered biotite-atdamellitc 
of a facies similar to the Mountsorrel 
granodiorite and it contains significant 
amoimts of magnetite. A borehole 3 km 
to the north was stopped in Coal 
Measures at a much greater depth. 
Reference to Fig. 2 shows that this is in 
agreement with the contention that the 
magnetic contours reflect the dip of the 
granite-sediment interface. 

This interpretation of the magnetic 
anomalies provides us with a situation 
analogous to that of the Northern Pen
nine Orefield, i.e. an orefield with dis
trict zoning which is spatially related 

to an area underlain by Caledonian 
granites and in which the principal 
phases of mineralisation appear to be
long to the Hercynian cycle, but where 
some activity during the Saxonian cycle 
is indicated,'*'-" Since these buried 
granites of the East Midlands occur in 
a linear belt, a hypothesis that they 
contained the channelways up which 
the mineralising solutions pas.sed would 
explain the linear nature of the mineral 
zones. It also leads on to the intrigu
ing possibility that an undiscovered 
orefield is present at depth in the 
Eakring-Newark region where Lower 
Carboniferous rocks of block facies 
have been proved in a number of bore
holes."' Such a postulated extension of 
the Derbyshire Orefield would account 
for the presence of fluorite and baryte 
mineralisation discovered during oilfield 
drilling operations at Eakring.^' As 
Schncllmann^^ pointed out, this is an 
area worthy of mineral exploration since 
the Carboniferous Limestone is over
lain by shales and the presence of vol
canic layers in the limestone means 
that orebodies may be present at 
various horizons. Lees and Taitt,^' re
ferring to the Dukes Wood oil trap 
near Eakring, wrote of a highly 
mineralised zone in the uppermost part 

of the Lower Carboniferous with the 
development of calcite, baryte and 
fluorite veins. Edwards'" mentions the 
additional presence of galena and spha
lerite and the discovery of veins in a 
number of boreholes. 

Clearly the structures where investi
gations should be concentrated are those 
which bring the Lower Carboniferous 
limestone closest to the surface and 
which axe also suitably placed with 
respect to possible buried granite. The 
Eakring-Foston High" appears to be 
the most promising anticlinal structure 
(Fig. 2). Not only does it contain 
known mineralisation but it runs 
parallel to a line of pronounced posi
tive anomalies towards which the 
limestone dips under a cover of im
permeable Edale Shale. The south
eastern end of this structure near Fos-
ton is probably very favourable from 
this point of view as it approaches 
closer to the line of positive anomalies 
and the top of the Lower Carboni
ferous is only a little over 450m below 
the surface. Further to the north-east 
there is another anticlinal structure, the 
Kiveton-Egmanton Anticline.'^ This 
has on its north-eastern side a broad 
zone of positive anomalies running 
north-westwards parallel to a line join-

11 
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Fig. 2. Total field magnetic anomalies for the East Midlands and adjacent areas. Reproduced from the Geological Survey" by 
permission of the Director, Institute of Geological Sciences (N.ER.C. copyright). Contours are at 50 gamma intervals. PV 
indicates areas of local positive magnetic values; M is position of Mountsorrel Grandiorite; S is the south Leicestershire 
pluton and W the Warboys borehole. AB is the line of the Eakring-Foston High. KL is the Kirby Lane borehole 
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• Ing King's Lynn and Lincoln. This 
zone could represent another belt of 
Lower Palaeozoic sediments and gran
ites that might have been the host 
rocks for channelways feeding solutions 
to the Lower Carboniferous-Millstone 
Grit interface which rises south-west
wards towards this anticlinal structure. 

Other U.K. o re f ie lds 
Orefields similar in many respects to 

those of the Pennines occur in the Men-
'dips and the Halkyn-Minera region 

of north-eastern Wales. The extent of 
known mineralisation in the Mendip 

ij^^ Hills is shown in Fig. 3. The geological 
relationships" and model lead ages" 
indicate that the bulk of the mineralisa
tion belongs to the Saxonian cyde and 
the host rocks are both Carboniferous 

\m and Triassic in age. For many kilo-
* * . metres around the Mendip Hills the 

magnetic anomalies are markedly nega
tive." However, a strip of country 
about 35km long and up to 7km wide 
is characterised by positive anomalies 
(Fig. 3) which form a strong contrast 
to the regional negative background. 

./ I These positive anomalies cannot be 
accounted for by the known near-sur
face geology and must reflect a marked 
featiure in the basement geology. The 

'^^ general geological similarity to the 
Southern Pennines leads the present 
writers to suggest that this strip of 
positive anomalies is due to a buried 
ridge of granite. This ridge is close to 
the known mineralised area. Green'^ 
suggested that the ascending ore solu
tions in the Mendips were dammed 
during their ascent either by shales in 
the Carboniferous or by a blanket of 
Mesozoic rocks. At the south-eastern 
end of the orefield both these imperme
able horizons dip or plunge eastwards 
towards the zone where buried granites 
may occur at depth. There is there
fore a good chance that the Mendip 
Orefield has a south-eastward extension 
beneath the Mesozoic rocks lying be
tween Shepton Mallet and Radstock. 

Unfortunately the Halkyn-Minera 

Orefield runs across a comparatively 
featureless area of low negative mag
netic anomalies. This of course does 
not preclude the possible presence of 
Caledonian or other granite at depth 
which has a low magnetic susceptibi
lity. It must be remembered that the 
area imderlain by the Weardale 
Granite is a tract of irregular nega
tive magnetic anomalies'^ and Platou" 
has shown that the magnetic anomalies 
over the Precambrian granites of 
Bomholm are both positive and nega
tive. The Weardale Granite has negli
gible magnetite" and hence a low 
magnetic susceptibility. 

In the north-west of England the 
base metal, hematite and barjttj veins 
of the Lake District occur in Lower 
Palaeozoic host rocks which, as Bott^ 
has recently shown, are extensively 
underlain by a Caledonian granite 
batholith which is probably continuous 
with the Weardale Granite. The Lower 
Palaeozoics form the core of a dome 
which w.ns mantled by Lower Carboni
ferous rocks. In a very approximate 
manner the geological situation here 
can be likened to that of the northern 
Pennines, but in the Lake District dom
ing and consequent erosion have led 
to the removal of the Carboniferous 
roof and rocks of this age are only pre
sent now as a fairly continuous belt 
around the Lower Palaeozoic outcrop. 
The model lead ages-" for this region 
indicate that much of the mineralisa
tion is post-Lower Carboniferous and 
therefore that ore solutions could have 
penetrated the adjacent Carboniferous 
limestones. If the suggested hypothesis 
put forward in this paper is applied in 
designing an exploration programme 
for this Carboniferous terrain then the 
area west and south-west of Kendal 
might be thought worthy of attention 
in view of the marked positive mag
netic anomalies which are present and 
which continue eastwards to the area 
underlain by the Wensleydale Granite. 
However, such a possibility must be 
approached with great caution as the 
gravity work by Bott suggests that the 

Fig. 3. Total field 
magnetic anomalies 
for the Mendip 
Orefield and its 
surrounding region. 
Data from the 
Geological Survey'^ 
by permission of 
the Director, 
Institute of 
Geological Sciences 
(N.E.R.C. copy
right) . Contours 
are at 25 gamma 
intervals. Stippling 
marks the areas 
with positive 
values. 
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south wall of the Lake District batho
lith lies well to the north of Kendal. 
It must also be noted that Bolt- was 
inclined to attribute the positive mag
netic anomalies over the Askrigg Block 
to volcanic or metamorphic rocks rather 
than plutonic intrusions. 

I re land 
Reference was made at the beginning 

of this paper to the spatial relationship 
of Hercynian mineralisation and Cale
donian granite in eastern Ireland. This 
was only remarked upon very briefly 
by Tremlctt^" and indeed the possible 
role of granite masses in controlling the 
location of mineralisation in the Irish 
Lower Carboniferous rocks has received 
but scant attention in the literature. 
Morrissey et al.-^ touched upon this 
subject and mentioned the possibility 
of the presence of concealed plutons 
listed by Charlesworth.^. They sug
gested that some of these might be 
post-Devonian in age. Most of the pos
sible igneous masses listed by Charles-
worth^ are suggested on the basis of 
negative Bouguer anomalies and would 
therefore be granitic. A number of 
these anomalies are clearly due to 
buried extensions of the Caledonian 
Leinster and Galway Granites (Fig. 4). 
The probability is that the other nega
tive anomalies, which tend to reflect a 
Caledonian trend, are also caused by 
funher bodies of granite of this age. 
The presence of concealed Hercynian 
granites is highly unlikely as the region 
concerned lies north of the northern 
boundary of the Variscan orogenic belt 
which follows the Killarney-Mallow 
Thrust Front. The little that is known 
of the sub-Palaeozoic basement in cen
tral Ireland suggests the presence of 
high amphibolite and granulite facies 
rocks.̂ ® The densities of these rocks 
will be about 3,000 kg cm"^ and any 
near surface approach of these would 
increase the gravity field. 

Fig. 4 (p.409) shows the distribution of 
known base metal and baryte deposits 
of post-Silurian age, the outcrops of 
Caledonian granites and the areas of 
low to negative Bouguer gravity ano
malies which may represent buried 
granites of the same age. The map in
dicates a marked degree of proximity 
between much of the mineralisation 
and the known or postulated bodies of 
Caledonian Granite. 

In the north of Ireland the Her
cynian (and perhaps later) mineralisa
tion is of very minor importance. In 
Donegal some of this is clearly related 
to the Donegal granites. Moving .south
wards the first deposits of some note 
are the Abbeytown mine and deposits 
to the north-cast of it. These arc clearly 
grouped along a gravity low which has 
a pronounced Caledonian trend and 
which extends north-eastwards to in
clude exposf̂ d granite at Barnesmore. 
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At a slightly lower latitude over in 
'the east a group of minor deposits 
occurs in County Monaghan. These 
may well be spatially related to a 
buried continuation of the Newry 
Granite. Reference to Fig. 4 will show 
that the area underlain by this granite 
is not obviously delineated by a gravity 
low. This is due to the development of 
a very strong gravity high associated 
with the basic rocks of the Tertiary 
Carlingford Complex. Away from the 
disturbance of this later effect the gra
vity field suggests near surface granite 
reaching out from the aaual outcrop 
for up to 15km from the contact. If 
this buried extension continues around 
the south-western end of the outcrop, 
then it would underlie the Monaghan 
field. 

Further south a greater density of 
deposits is present including the larger 
deposits discovered during the last two 
decades. Most of these deposits, both 
big and small, are grouped around ex

posed Caledonian granites or obvious 
buried continuations of thcsc. The gra
vity anomaly map suggests that 
throughout the Central Plain rocks 
with a density of about 2,650 kg m-^ 
underlie large areas. They may be 
either very thick masses (up to 3,000m) 
of Devonian and Carboniferous sand
stones or granite.^ Many of the areas 
of low gravitational attraction clearly 
mark buried continuations of known 
granites, e.g. the Galway granites in the 
west and the Leinster Granite in the 
east. 

All these gravity^ lows, except for 
that around the Galway granites, have 
obvious Caledonian trends and in addi
tion they continue over the Lower 
Palaeozoic inliers of the Central Plain 
from which the Upper Palaeozoic rocks 
have been stripped by erosion, sug
gesting that they represent deficiencies 
of mass present in the Lower Palaeo
zoic basement rather than in its Upper 
Palaeozoic mantle. If this is the case 

..-*^! CoKdoflion Cronile> 

Coppc, t t04 . Zinc 01 6Q*,ia 

* MJn«rolitarlon 

ewguct Anomot, Contoun 

Fig. 4. Distribution of Caledonian granite outcrops and post-Devonian base metal 
and baryte deposits in the Variscan Foreland of Ireland. Gravity anomaly contours 
are reproduced from the Dublin Institute for Advanced Physics (1974). Gravity 
Anomaly Map of Ireland by permission of the Director. M indicates the location 
of the Monaghan deposits. 
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and if the -fi5 to -fio mgal contours 
are taken to indicate the approximate 
outline of this hidden granite batho
lith, as appears to be the case for much 
of the postulated Lake District batho
lith of north-western England,- then 
practically all the large and small base 
metal deposits of this region lie over 
or right beside this buried granite mass. 
In particular places, the decrease in 
gravity suggests a nearer surface ap
proach of granitic material. Thus in the 
area of Navan and Slane a pronounced 
low coincides with known mineralisa
tion including the newly found and 
large Navan deposit. About 75km west 
of this lies another gravity low, with a 
Caledonoid trend and a grouping of 
deposits, including the Keel deposit, 
along it. Further north the general gra
vity low surrounding the Keel region 
embraces the outcrop of the Crossdoney 
Granite. 

South of this low is a larger, more 
irregular one but still having an evi
dent Caledonoid trend. This has a 
group of smaller deposits spread along 
it. The south-westward prolongation of 
this low reaches westwards towards a 
similar prolongation from the anomaly 
marking the Galway granites. This sug
gests the presence of a granite ridge at 
depth. Several deposits lie along this 
ridge including that at Tynagh. The 
Galway granites have quite a number 
of deposits spatially associated with 
them in both Counties Galway and 
Clare. To the south-cast the deposits 
of the Silvcrmincs district and its* 
neighbourhood are clearly related in 
space to a gravity low, whose axis 
crosses the Silurian-Carboniferous 
boundary at a high angle, suggesting 
that it is related not to a great thick
ness of Upper Palaeozoic sandstone, but 
to a mass deficiency below the Silurian 
rocks. 

Large depos i ts 
To the south of Silvermines lie the 

large deposits of Gortdrum and Aher-
low with associated minor deposits. 
These are clearly related to the south-
westward continuation of the Leinster 
Granite. The exposed parts of this 
granite have a number of deposits 
along their margins particularly at the 
suggests an abrupt termination of the 
Leinster Granite south of Dublin. The 
minor mineralised occurrences just 
north of Dublin may therefore be re
lated to another granite which is not 
very clearly revealed by the gravity 
field but which crops out at Rockabill. 
The deposits which correlate least well 
with an area of lower gravitational at
traction are the east Clare deposits 
which continue southwards across the 
Shannon estuary. These however do 
show a marked parallelism with the 
gravity contours suggesting the possi-
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• iiility that a feature at depth has con
trolled their distribution. 

Imp l i ca t ions 
The authors agree with Bott' that 

the spatial relationships described above 
suggest that the granitic masses have 
been able to act as channelways for the 
mineralising solutions because their 
physical properties permit the ready 
development of clean vertical tension 
fractures, whereas the less homo
geneous rocks of the basement will tend 
to present the solutions with more de
vious paths or with none at all. This, 
as Bott suggests, may indicate that the 
mineralising solutions originated in the 
upper mantle or lower crust. One of 
the clear demonstrations of the manner 
in which older granites may develop 
fractures providing channelways to the 
upper mantle is to be seen in the dis
tribution of Tertiary dykes in northern 
Ireland. These are well developed in 
the Caledonian Newry, Barnesmore and 
Donegal granites, but are few and far 
between in the intervening areas of 
Lower and Upper Palaeozoic rocks. 
Clearly the well jointed competent 
granites have provided the best path
ways for ascending basaltic magma. 

Of course not all the mineralising 
solutions necessarily followed channel-
ways through granite for the whole of 
their passage through the upper crust. 
The association of base metal deposits 
in Ireland with east-north-easterly 
faults is well known and the mineralisa
tion of the Greenhow area in the north 
of England is probably related to the 
Craven Fault System. However, if 
these solutions did rise from the man
tle, then they would in all likelihood 
have followed a granite pathway as far 
as it extended into the upper struc
tural levels of the crust, before being 
forced into connecting faults in the 
manner which drilling has revealed to 
have been the case at the top of the 
Weardale Granite. Thus the connexion 
between the location of mineral 
deposits and buried granite in Ireland 
could be even stronger than the pre
sent geological data suggest and it will 
be possible to test this hypothesis when 
geophysical investigations provide more 
knowledge of the deeper structure of 
central Ireland. That the mantle must 
be seriously considered as a possible 
source of the mineralising solutions has 
been shown by the isotopic investiga
tions of Greig et af." who consider 
that the geographical zoning of lead 
isotope ratios in central Ireland indi
cates a deep source for the lead. A 
similar regional increase in radiogenic 
lead occurs in the English Pennines. 3 2 
This too suggests a deep source perhaps 
continuous with that of the Irish leads 
supporting the suggestion that the 
Hercynian mineralisation of the British 
Isles north of the thrust front is but a 
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part of the larger Variscan metailogenie 
province and that this mineralisation 
together with that of Belgium and the 
Netherlandsi forms the metailogenie 
foreland zone. In addition their work 
on sulphur isotopes suggests that the 
SS^" value for sulphur in the hydro-
thermal solutions responsible for the 
formation of the Mogul orebodies at 
Silvermines was around zero indicating 
a juvenile origin for the sulphur. 
Similar values were obtained by iVUt-
chell and Krouse^J from sulphides 
coUected from deposits near the Craven 
Fault System which runs close to the 
southem boimdary of the Northern 
Pennine Orefield. 

A recoimaissance study of sulphur 
isotopes from Derbyshire'^ obtained 
sulphide SS'"* values close to meteoritic 
values from samples from the fluorite 
zone, whilst a sample from the calcite 
zone gave a higher negative value, the 
same trend as reported by Greig et al. 
This is in keeping with the suggestion of 
ore fluid flow from east to west and 
continuous reaction during this flow 
between the ore solutions and the 
carbonate wall rocks. 

However current hypotheses for the 
origin of the mineralising solutions 
responsible for the formation of Missis-

• sippi Valley-type deposits are probably 
more numerous to-day than they have 
ever been and it is not proposed to 
make this paper the vehicle for reiterat
ing all the various mechanisms so far 
proposed. The present purpose is to 
focus attention on what seems to be 
a significant structural control of 
mineralisation in the British Isles and 
which may eventually provide a guide 
in the exploration for deep hidden 
mineral deposits as and when economic 
factors force this country to make 
greater use of its own metallic deposits. 
As Schnellmann^" indicated nearly 
twenty years ago, exploration for lead-
zinc ores in the region of the Notts-
Derby Coalfield is probably economic
ally viable particularly if use is made 
of existing colliery workings. These 
come within 55m of the Carboniferous 
limestone.*" 

In Ireland various regions appear to 
be worthy of investigation (or more 
probably reinvestigation). These include 
the area over and around the gravity 
low by Castlereagh and the region 
north-north-east of Port Laoigse where 
two prominent negative anomalies 
occur. 
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