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SUMMARY

Mineral cchcentrates from about 70% of the stream sediments
collected from the Arran drainage have been analysed for a range of
elements associated with metalliferous mineralisation. Cumulative
freguency plots define anomalous populations for most of these
elements and the distribution of the anomalies is examined against
other elements and the mapped geology.

Discussion of these distributions offers suggestions for follow-
up geochemistry and mineralogical collection to examine possibilities
of metalliferous concentrations of interest to the mining exploration
industry. Among the more interesting elements are Ba, Cu, Mo, Pb,
Sb, Sn and U.

INTRODUCTION

In 1981, acting on a proposal to examine the geochemistry of the
granites of Arran, 2¢€3 samples of hand-panned mineral concentrates
collected from the island’s drainage were made available by the
Regional Geochemical Reconnaissance Programme. It was intended that
a further 110 samples should be released, thus completing the coverage
effected by RGRP, but these samples were never forthcoming.
Unfortunately, it was not possible to take into account a further 110
samples from streams draining the northern granite with which 1is
asscciated the only worked mineralisation.

The utilisation of samples from other BGS programmes not only
avoided expensive duplication of field collection but also provided a
preliminary assessment and probable follow-up to RGRP investigations -
a valuable service to the mineral industry.

SAMPLE PREPARATION AND ANALYSIS

At each RGRP site a stream sediment sample was collected and, if
adeguate sediment was available, a heavy mineral concentrate was
obtained by hand panning an approximately fixed amount of the
sediment. Geochemical analyses of the raw stream sediments will be
reported in the RGRP atlas for the Clyde sheet. For this area the
RGRP samples were given four figure numbers prefixed by 27; MRP
notation for the panned concentrates retains the same four figures but
prefixed by the letters XPP,

Some 20-25g of concentrate was mechanically split from the sample
and ground in an agate Tema mill to less than 200 mesh BSS. At the
BGS laboratories 1in Gray’s Inn Road, London this was analysed by X-ray
fluorescence spectrometry (XRF) for the following suite of elements:
Ag, As, Ba, Bi, Ca, Ce, Cu, Fe, Mn, Mo, Nb, Ni, Pb, Rb, Sb, Snh, Sr,
Th, T1, U, W, Y, Zn and Zr.

No mineralogical studies have been made on these samples nor has
any separation of ore mineral phases been attempted.



RESULTS

The individual sampling sites are shown in Fig. 1 and their broad
geological derivation can be ascertained by reference to Fig. 2.
Detailed analytical results are listed in the Appendix and a summary
of the element statistics is given 1n Table 1. The 1imiting values
for the anomalous populations in this table were derived from
inspection of the respective cumulative frequency plots.

In considering the distribution of anomalous element levels the
lack of mineralogical information prevents any certain assignment to
mineral species, though in many cases this may be reasonably assumed.

Table 1. Summary of element statistics (in ppm)

n = 269 for all elements

Range Mean + SD Median Anomalous populations
Ag 0 - 18 3.44 + 3.67 2 >8.9(9%)
As 0 - 33 4.66 + 5.84 3 >17(5%)
Ba 0 - 37200 482 + 2327 242 >340(28%); >560(8%)
Bi 0 - 17 0.63 + 1.71 0 Gaussian distribution
Ca 410 - 75960 10019 + 10530 6600 >22000(12%); >39000(1.8%)
Ce 0 - 7611 292 + 964 49 >130(22%); >5300(1.5%)
Cu C - 1197 19.0 + 89.4 8 >40(3.3%)
Fe 3900 - 448740 99598 + 80590 72970 »>150000(22%); >250000(5.6%)
Mn 40 - 14410 1486 + 1736 970 >3450(9%)
Mo 0 - 80 2.38 + 6.33 1 >9(3%)
Nb 0 - 832 48.8 + 100.6 22 >37.5{(22%); >295(3%)
N1 0 - 254 25.8 + 30.7 18 >160(0.7%)
Pb 0 - 2231 60.6 + 185.4 24 >72(9%); »>600(2.2%)
Rb 2 - 140 47.2 + 35.1 33 >96(12%)
Sb 0 - 23 2.75 + 3.34 2 >4.4(25%)
Sn 0 - 648 27.7 + 79.7 5 >20(26%); >330(1.8%)
Sr 2 - 883 63.3 + 76.0 43 Gaussian distribution?
Th 0O - 412 21.9 + 52.3 7 >19(17%); »2906(1.5%)
Ti 210 - 148700 18090 + 20320 10800 >35000(14%)
U 0O - 74 4.83 + 9.12 2 >8(11%)
W 0 - 53 5.84 + 6.77 4 >17(6%)
Y 8 - 606 48.8 + 78.C 27  >210(5%)
Zn 11 - 1814 140 + 170 95 Near-gaussian distribution
Zr 62 - 8265 997 + 1182 528 >4700(2.6%)
Silver. Interpretation of the cumulative fregquency plot (Fig. 3) 1s
probably over-simplified and should correctly display two anomalous
populations. This would have the effect of lowering the anomaly

threshhold and increasing slightly the proportion of values falling
into this high range.

Using the value of 8.9ppm obtained from this piot, a restricted
distribution of anomalies results (Fig.27). A1l bar two of the
samples were obtained where streams flow over New Red Sandstone rocks,
but it is assumed that the silver content, in sulphides or on iron
oxides, derives from the Tertiary ignheous sills upstream. The two
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tsolated localities 1n the north are underlain by granite but upstream
from both sites this 1s extensively intruded by Tertiary basic dykes.

The Ag distribution correlates well with that for Fe and, not
surprisingly, with the two anomalies for Ni; there is a partial
correlation with Mn, Pb and Sb anomalies but none with As, Ba or Cu.
Such associations strongly support the belief that the silver may be
present as a secondary adsorption on ferruginous oxides.

Arsenic. The cumulative frequency plot (Fig. 4) shows a marked
change of slope at 17ppm and values above this are taken as anomalous.
Again, the anomalies are mainly confined to the southern half of the
island, with only twc in the north (Fig. 28). With four exceptions
they occur over mainly arenaceous sedimentary rocks of various ages.
Two of the excepticns are those in the north, where they lie over
Dalradian metamorphic rocks, the other two are hear the margin of the
central grannte.

There 1s some correspcndence between the As anomalies and those
of Ba, Fe and Sb, poor agreement with Sn and nho correlation with Ag,
Zu, Mn, Pb, U and W, metals with which some association might have
been expected.

Barium. More than one population for Ba 1s evident in the cumulative
frequency plot (Fig. 5), a not unexpected situation in view of the
varied Tithology of the island. A highly anomalous population at
values exceeding 560ppm constitutes some 8% of the total samples and
is distributed in a somewhat random fashion through the island (Fig.
29). Although barytes has been mined in the lower reaches of Gien
Sannox, 1in north-east Arran, none of the proximate samples are

anoma ious. It would be valuable to analyse the outstanding samples,
which i1nclude those from the Sannox and adjacent drainages. Three
samples were collected at points which denote a source at or close to
the contact of the northern granite, in a position not dissimilar from
that of the worked veins, one from just inside the central granite and
two from the centre of this mass. None of these is particulariy rich
in Ba, however, the richest sample coming from north of Machrie on the
west coast, 1n 01d Red Sandstone country.

A break of slope at 340ppm Ba marks the lower cut-off for a
targer set of moderately anomalous values which are more widely spread
over the 1sland. Additional locations lie in both granites,
particularly near the contact, but most are in sedimentary or
metamorphic areas.

Ba anomalies seem to correlate reasonably well with those of As,
Sb and the non-granitic set of Rb anomalies. There is no correlation
with Ag, Ca, Pb or U.

Bismutn. There are very few points on the cumulative frequency plot
tor B1 and these can be accomodated close to a straight line (Fig. 6),
indicating a gaussian distribution.



Calcium. Two distinct populations are evident in Fig., 7 and two sets
of anomaious values can be extracted, a small one above 3.3% Ca and a
more extensive one above 2.2% Of five highly anomalous samples, one
lies in the nhorthern granite and two in the central granite, one of
these at the margin (Fig. 30). These Ca levels seem unduiy high for
granite derivation and it may be that they reflect the presence of
some calcitic veining 1n these areas.

Inevitably the larger anomalous set has a wider distribution,
encompassing most of the island’s lithologies. Some additional sites
are located on both of the granites.

Association with Fe and Mh is not marked and there 1is no
obvious correlation with Ba or Pb.

Cerium. Only a small proportion of the Arran samples are highly
anomalous for cerium (Fig. 8), though a broader set of moderately
anomalous samples constitutes some 22% of the total. A1l three of
the highest values lie just within the northern granite (Fig. 31) and
clearly reflect concentrations of monazite released from that rock.
The moderately anomalous samples are also associated in large part
with this granite and with the north-western lobe of the central
granite. Two isolated anomalies are located in the socuth-eastern
corner of the island.

As might be anticipated the Ce anomalies correlate well with
those of the granitic trace elements Nb, Th and Y, and all three
anomalies for Zr and all but one for Mo correspond with Ce. There 1is
moderate correlation with Rb, Sb (part only), Sn, U and W and almcst
no agreement with the more basic affiliated Ni and Pb.

Copper. The disposition of points on the cumulative freguency plot
(Fig. 9) 1is such that alternative interpretations may be preferred to
the simple approach used here. Anomalous samples, at more than 40ppm
Cu, are widely scattered around the island (Fig. 32) and seem to bear
no relationship to the 1ithology. Some of the Cu values, however,
are remarkably high and invite further investigation.

Cu 1s usually geochemically associated with many other ore metals
and with the oxides of iron and manganese. In the Arran samples,
however, there is only moderate correlation between anomalies of Cu
and Sb, poor with Pb and Sn, and no correspondence with Ag, As, Fe,
Mn, Mo and U.

Iron. As might be expected, the cumulative frequency plct for Fe
(Fig. 10) shows several distribution populations and the lines drawn
between points are highly subjective. A broadly anomalous set can be

separated at about 15% Fe and this constitutes some 22% of the total
samples, but within this set there is a sub-set consisting of highly
anomalous values, above 25% Fe.

Apart from a cluster of four samples located in the south-east of
the northern granite (Fig. 33), the 1iron anomalies are confined to the
ferruginous sediments and the more basic igneous members which make up



the southern half of the island. The group in the north occurs in an
area 1mmediately downstream from several basic dykes which are the
presumed source of the Fe anomalies. Correspondence between the Fe
and Mn anomalies 1s extremely good but among the sulphidic ore metals
18 good only with the highly mobile Ag. Perhaps surprisingly, there
1s equally close agreement with Ti anomalies.

Manganese. The cumulative frequency diagram for Mn (Fig. 11) 1is less
ambiguous than that for Fe and only the highest population set is
taken as anomalous. Areal distribution of these anomaious samples
(Fig. 34) 1s similar to that for Fe, again mainly in the south of the
1sland but with the same four samples grouped hear the margin of the
northern granite. Mn correlates with the same elements as does Fe.

Molybdenum. In a s1mple cumulative freguency plot for Mo (Fig. 12)an
anomalcous populaticn is recoghised above 9ppm. Only eight samples
fall in this set and all but one are derived from the northern

granite (Fig. 35). The odd samplie comes from the southern part of
the island 1n a small complex area of Coal Measure sediments, basic
and telisitic intrusions; the provenance of the molybdenum is not
clear. Because anomalous Mo 1s related to the granite it correlates
with most other granitophile elements, Ce, Nb, Sn, Th, U, W and Y.
The southern anomaly also correlates with Nb, but not the other
elements mentioned above.

It 1s presumed that the Mo anomalies arise from the presence of
discrete flakes of molybdenite.

Niobium. The lines drawn 1n the cumulative frequency diagram for Nb
(F1g. 13) are somewhat less than satisfactory, but it is reasonably
clear that the upper 20% of values are anomalous. Using this cut-off
of 37.5ppm produces a widespread distribution pattern (Fig. 36) which
encompasses a wide range of lithologies. The highest value set, at
greater than 295ppm, 1s severely restricted to the northern granite
and mainly to the marginal parts of that body. Nonetheless not all
samples from similar situations are even moderately anomalous. It
may be speculated that the eight samples highest in Nb would be worth
examining for fine crystals of columbite.

The highest Nb anomalies correlate closely with those for all the
other granitophile elements, but the broader set correspond only
partially with any of the other elements.

Nickel. In the cumulative frequency plot (Fig. 14) there is a very
clear break of slope at 160ppm and the only two samples above this
value are deemed to be anomalous. Both are derived from sites

spaced fairly close together 1in the southern part of the island above
Lamlash Bay {(Fig. 37). Their source 1s not clear but is presumed to
be among the basic sills. Correlation with other elements has little
meaning.

Lead. Pb produces a train of log-probability points (Fig. 15) for



which several interpretations can be advanced. In the one adopted
the upper two populations are regarded as anomalous. Most of the
anomalies lie in the southern half of the island (Fig. 38), with Jjust
three in the north and of these two belong to the high set. One 1s
located immediately inside the margin of the northern granite and the
other two on Dalradian metamorphic rocks. In the south the anomalies
are spread over a range of Tithological types.

There are no clear correlations with elements normally regarded
as geochemical associates of Pb, except for Ag. The tack of any
correlation between Pb and Sn can be taken as evidence that there
hasbeen no X-ray fluorescence peak 1nterference between these
elements.

Rubidium. The log-probability graph (Fig. 16) is simple and defines
an anomalous set above 96ppm Rb. The distribution of ancmaious
samples is nhot particularly meaningful, however (Fig. 39). While
several are clearly derived from the northern granite there are,
nonetheless, many more samples of granitic origin which do not show
anomalous Rb. Similarly, the grouping of Rb anomalies in the
Dalradian belt to the west of the northern granite is not repeated
elsewhere in Dalradian rocks north and south of that intrusion. It
may be questioned whether this grouping 1s due to minerals derived
from the granite which have been carried further downstream on this
side of the island. From the topographic map, however, the stream
courses appear less steep here than to the south of the granite and 1t
therefore seems more probable that the geochemical variations 1n these
concentrates reflects actual differences in lithclogy between the
separate Dalradian outcrops.

Four anomalous samples were derived from the southern part of the
island, the westermost from on New Red Sandstone sediments and the
other three on the central granite.

There 1is reasonably good accord between the anomalies for Rb and
those for some of the other granitophile elements, ncotably Ce, Sn and
Y, but somewhat less agreement with Nb.

Antimony. Points are sparse on the Sb cumulative frequency plot
(Fig. 17) but they seem to fall into two distinct populations, the
anomalous onhe, at values above 4.4ppm, representing a quarter of the
total samples. These are widely scattered across the 1sland though
concentrated mainly in the south (Fig. 40). Five anomalous samples
are found within the outcrop of the northern granite and four within
the central igneous complex, all but one in the granite. S1x are
found on the Dalradian rocks, and the remainder are from streams
crossing New Red Sandstone strata and the variety of sills and dykes
that cut them. With so many anomalocus points it is inevitable that
there 1is partial correspondence with a wide range of other element
anomalies; it is debatable how many of these correlations are
significantly meaningful.

Tin. The log-probability piot for Sn (Fig. 18) suggests that there
are several distribution populations for this metal; it 18 not ciear
from the spread of anomalous sample locations whether these various



populations have any lithological significance. About three-quarters
of the samples return Sn contents of 20ppm or less, this very low
figure indicating a provenance generally deficient in tin.

Of particular interest are the highly anomalous samples, those
conhtaining 330ppm or more (Fig. 41). There are four, two from sites
on the northern granite , one from a stream draining westwards from
the central igneous complex and one from near the southern coastline.

This latter sample is something of an enigma, lying as it does in an
area of Triassic sediments. It might be tempting to believe that the
tin 158 derived from the nearby felsite sill but nowhere else does this
body give rise to tin-rich concentrates. It may be that the high Sn
content of this sample 1s the result of contamination.

It may reasonably be presumed that the two samples from the
northern granite contain discrete cassiterite. In the Annual Report
of the Institute of Geologiacl! Sciences for 1975, pp. 36-37, it is
recorded that cassiterite had been identified in stream sediments from
North Glen Sannox and Glen Catacol. Samples fom these areas are
among those yet to be analysed; 1t would be interesting to see whether
further highly anomalous tin values report from this sector of the
granite. The high Sn value associated with the central granite is
also 1ntriguing since no cassiterite has ever been recorded from this
intrusion.

The broader set of tin anomalies are much more widely scattered

throughout the island. Many of the samples are from sites on the
northern granite, and several from the surrounding Dalradian and
Palaeozoic rocks. A few samples taken from close outside the margin

1f the central granite may contain tin derived from that igneous
source, but others from the southern part of the island seem not to
relate to any of the acid igheous bodies.

The Sn distribution around the northern granite correlates well
wilth most of the other granitophile elements, Ce, Nb, Th and U. The
high temperature ore associates W and Mo present an interesting case.
Samples anomalous 1n these elements are always anomalous for Sn, but
the highly Sn anomalous samplies are nhot necessarily anomalous for W or
Mo. In the cases of the commonly associated non-metallic elements,
anomalies for Sb and Sn show some degree of correlation, though this
might be expected on the basis of their respective numbers, but there
18 Nno agreement between Sn and As.

Strontium. The cumulative frequency plot for Sr (Fig. 19) probably
should be interpreted in terms of several populations but it is
nonetheless close to a gaussian distribution and clear-cut separation
of the individual sets 1s difficult. In consequence, no anomalous
groupings have been recognsed.

Thorium. This log~probability plot (Fig. 20) is much better defined
and two breaks of slope mark the populations ranges. Two levels of
anomaly are recognised, a broad set at levels above 19ppm and a
smaller group at values more than 290ppm. Four samples comprising
the latter are restricted to the marginal regions of the northern
granite (Fig. 42); the broader group are distributed more widely both



within and around this body. As has been noted before, there is
close accord between Th and the other granitophile elements, notably
Ce, Nb, Sn, Y and U. Correlation with the rare earths is a clear
indication that much of the thorium resides in monazite, perhaps also

in Xxenotime.

Titanium. The cumulative frequency diagram (Fig. 21) shows three
distinct populations, the highest of which contains about 15% of the
total samples and has a lower cut-off at 3.5% Ti. These anomaiies

are distributed mainly in the southernmost parts of the island (Fig.
43), but a cluster of five anomalous samples is found near the

south-east margin of the northern granite and two come from the
granitic area of the central complex. This scatter accords

reasonably closely with generally basic members of the Tertiary
igneous suite in which ilmenite may be a significant opaque
constituent. As might well be anticipated, Ti anomalies accord best
with those of other elements with basic igneous affiliations, notably
Fe and Mn, less closely with Ca but also with Ag. This might expiain
the fact that Ag shows little or no correlation with its common
hydrothermal associates, Pb and Zn.

Uranium. From a very simple log-probability plot (Fig. 22) two major
populations are recognised, the anomalous ohe starting at 2ppm. Both
this cut-off and the U contents of individual samples are remarkably
high, even by granitic standards. As expected, most of the anomalies
are associated with granite, almost exclusively the northern one

(Fig. 44). However, there is one anomalous sampie from the central
granite and another from immediately ouside its margin. In the
south, sample XPP1689 may reflect the presence upstream of the small
outcrop of the southern granite, but the easternmost anomaly is
derived from an area far removed from the granites and totally devoid

of other acidic intrusions. Reference to the other granite-related

elements confirms the almost inevitable correlaticn. Monazite in the
northern granite is almost certainly uraniferous, a presumption borne
out by the close correlation of Th and U anomalies. The correlation

is not total, however, and additional sources of U must be invoked.

It seems probable, therefore, that uraninite may be an accessory
mineral in this granite, but there 1s no compelling evidence from
these samples for any vein-type distribution of uranium minerals in or
around the northern granite outcrop.

Tungsten. The simplest interpretation of the W cumulative frequency
plot (Fig. 23) is as two near-parallel lines. The uppermost of
these represents an anomalous population commencing at 17ppm and
containing only 6% of the total samples. A1l the anomalous samples
1ie within the northern granite, most close to the margin (Fig. 45).
They correspond closely with the anomalies for most of the other
granitophile elements; the relationship with tin has already been
mentioned. It is presumed, from evidence obtained on other granites
(eg. Ball and Basham, 1984) that W is contained in fine wolframite
occurring as an accessory mineral along with cassiterite: 1ndeed, the
two species may be intimately intergrown, hence no W without Sn (see
Tin above).
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Yitrium. Several populations can be discerned in the cumulative
frequency plot (Fig. 24), prcbably more than have been depicted. It
1s assumed that most of these reflect the variety of yttrium sources
available 1n such a varied lithology. Such an hypothesis appears to
be substantiated by the distribution of the most anomalous set of
samples, those with more than 210ppm Y. These are confined
exclusively to the outcrop of the northern granite (Fig. 46). This
distribution accords well with that for the anomalies of all the other
granitophile elements.

Zinc. The distribution of Zn 1s so near to gaussian that it is not
possible to define any separate population ranges (Fig. 25). Such a
situation suggests that all the Zn reported is probably bound up with
hydrated iron/manganese hydroxides or similar scavenging phases and
that no discrete zinc minerals (eg. sphalerite) are present. The
possibility of concentrated zinc mineralisation can be discounted,
therefore.

Zirconium. This element gives a relatively simple log-probability
plot (Fig. 26) with a small set of anomalous values 1n excess of
4700ppm. The seven samples 1n this set are distributed as a

meaningless scatter through the island (Fig. 47) and, because they are
so few, can be believed to correlate with the anomalies for several
octher elements.

CONCLUSIONS

Although the full collection of Arran panned concentrates unfort-
unately has not yet been analysed it i1s nonetheless possible to draw
some conclusions about the possibility of mineralisation on the island
and to suggest which elements repay further study.

Among the granitophile elements only tin and tungsten seem of
major interest, though uranium should also be examined. None of
these elements are present in extremely high concentrations but their
presence in the granite signifies the possibility, albeit rather
remote, of areas of disseminated lower grade but higher tonnage
mineralisation. Molybdenum 1is, perhaps, a somewhat different case.
Again, most of the anomalous values are not particularly elevated,but
the cluster of samples near the southern margin of the northern
granite holds out some hope of zones of quartz-molybdenite veining
associated with the marginal areas of this granite.

Of the other elements analysed the most intriguing must be
silver. This 1s guite widely spread 1n the southern half of the
isiand and appears to be associated with some of the basic minor
Tntrusives. These, of course, are particularly well developed on the
island, and if the carriers of silver, must be worth further study.
Barytes was formerly worked in the lower reaches of Glen Sannox and
further anomalies for this mineral might be expected. There are no
analysed samples from the Sannox area but available samples from the
environs of the northern granite do include some with highly anomalous
Ba levels. The best clustering of high Ba value, however, 1s found



over the Palaeozoic sediments east of Machrie Bay. It seems
desirable that these should be examined.

Occasional very high values for Cu and Pb reqguire to be explained
since they occur in lithologies which might well host suiphide miner-
alisation. At this stage there 1is no evidence to write them off as
contamination and, therefore, they need to be taken seriously. Less
significant seems the distribution of arsenic and antimony, the common
tracer elements for sulphide mineralisation; the former 1s too
wide-spread to be valuable while the latter has an anomalous
distribution which, although restricted, seems meaningliess.
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Figure 14 Log-probability plot for Ni
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Figure 27 Distribution of silver anomalies
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Figure 28 Distribution of arsenic anomalies
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Figure 29 Distribution of barium anomalies
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Figure 30 Distribution of calcium anomalies
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Figure 31 Distribution of cerium anomalies
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Figure 32 Distribution of copper anomalies
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Figure 33 Distribution of iron anomalies
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Figure 34 Distribution of manganese anomalies




Figure 35 Distribution of molybdenum anomalies
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Figure 36 Distribution of niobium anomalies
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Figure 37 Distribution of nickel anomalies
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Figure 38 Distribution of lead anomalies
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Figure 39 Distribution of rubidium anomalies
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Figure 40 Distribution of antimony anomalies
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Figure 41 Distribution of tin anomalies
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Figure 42 Distribution of thorium anomalies



Figure 43 Distribution of titanium anomalies
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Figure 44 Distribution of uranium anomalies
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Figure 45 Distribution of tungsten anomalies
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Figure 46 Distribution of yttrium anomalies
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Figure 47 Distribution of zirconium anomalies





