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RARE EARTH ELEMENTS IN ALKALINE lNTRUSiONS, NORTH-WEST SCOTLAND

Data for the rare earth elements (REE) Ce, La and Y are presented for rock and drainage samples
from three late Caledonian alkaline intrusions of north and north-west Scotiand. The neighbouring
Loch Borralan and Loch Ailsh intrusions were investigated in the late 1980's for the platinum group
elements (PGE), and samples were also analysed for the REE. The Ben Loyal Complex, situated 50
km to the north-east, was investigated for the REE on the basis of archived mineralogical and
geochemical information. These investigations were carried out as part of the Mineral Reconnaissance
Programme (MRP) and commissioned by the Department of Trade and Industry.

Introduction

The alkaline intrusive complexes studied for this report are of late Caledonian age and were emplaced
along the north-west margin of the Caledonian fold belt. Thirlwall (1988), suggests ages of 439
(x4)Ma at Loch Ailsh, 430 (¥4) Ma at Loch Borralan and 426 (+9) Ma for the Cnoc nan Cuilean
intrusion of the Ben Loyal suite, using U-Pb zircon isotopic dating.

All three intrusions display geochemical characteristics indicative of fractional crystallisation from a
lithospheric mantle source. The progression from melanocratic syenites to more evolved leucosyenites
is indicative of this fractionation. Localised metasomatism and assimilation of the country rock is
evident at Loch Borralan and Loch Ailsh and around the Cnoc nan Cuilean intrusion at Ben Loyal.
Ultramafic rocks occur in both the Loch Borralan and Loch Ailsh Complexes, and were investigated
for the PGE due to the potential for primary magmatic enrichment of these elements. The Ben Loyal
Complex does not contain rocks of comparable type and was not therefore investigated for the PGE.

Analysis for the REE and a range of other elements was undertaken by the Analytical Geochemistry
Group of the BGS by X-ray fluorescence spectrometry (XRF). A complete list of analytical results for
the Loch Borralan boreholes, together with graphic logs, is published in MRP Open File Report No.
10.

Loch Borralan

Investigation for the PGE at Loch Borralan was undertaken initially in 1988-89 by geochemical
analysis of drill core from 37 shallow boreholes (Figure 1). The boreholes had been drilled 10 years
carlier as part of an evaluation of the phosphate potential of the apatite- rich ‘early suite' of biotite-
melanite and phlogopite pyroxenites. The apatite occurs largely as subhedral to euhedral primary
interstitial growths, usually in the order of several mm in size. The presence of REE in the apatite was
established during the phosphate investigations by XRF. A total of 695 core samples were selected for
analysis. Enhanced levels of the PGE were indentified in a number of borehole sections, up to a
maximum of 878 ppb combined Pt+Pd.

A sccond phase of drilling was undertaken in 1990. Its main purpose was to investigate the margins of
the pyroxenite for any potential upgrading of the PGE in a structural setting and to elucidate the
distribution of the PGE by deeper drilling. Four boreholes were drilled in the northern part of the
carly suite (Figure 1, holes 1-4). Following detailed logging, a further 524 samples were selected for
analysis from three of these boreholes.

A summary table for the REE is shown below, and full results are presented in Tables 1-4. Minor
enrichments in the REE occur in several borehole intersections, with pyroxenites and syenites from



Borchole 2 giving the highest values (up to 739 ppm La and 1764 ppm Ce). Borehole logs indicate
localised concentrations of primary apatite up to 2%, which makes it the most abundant rare earth
containing mineral. The distribution pattern of Y is closely related to Zr (Spearman ranked
correlation coefficient of 0.77 for 202 samples from Borehole 2). Zircon occurs as an accessory in all
the pyroxenites, and the melanite-pyroxenite of Borehole 2 is the most enriched in these elements.

Maximum REE values for Loch Borralan boreholes

Borehole No. La (ppm) Ce (ppm) Y (ppm)
0.75 143 316 48
01.0 ' 378 561 36

10.1021 123 318 49
10.600 147 415 128
10.650 177 477 194
10.725 197 687 83
10.800 117 359 50
10.875 111 329 41
10.950 114 337 42
12.1000 118 344 53
12.650 126 463 604
12.700 192 734 134
12.800 139 409 66
12.900 176 572 71
14.700 104 370 99
14.800 112 380 67
14.850 111 320 51
14.500 105 295 47
16.660 109 - 254 43
16.750 182 548 298
16.875 125 . 394 129
18.720 206 689 231
18.993 130 316 73
2.50 ' 107 492 75
20.720 141 533 449
22.720 106 275 49
4.200 105 265 52
4.305 121 528 699
4.480 169 ' 465 74
4.680 - 50 104 23
6.500 120 347 96
6.600 126 418 88
6.690 109 364 49
6.840 207 430 36
8.630 147 612 ’ 238
8.720 83 217 34
Phase 2, Borehole 2 739 1764 986
Phase 2, Borehole 3 219 499 117
Phase 2, Borehole 4 255 657 371




Loch Ailsh

Following the discovery of significantly enhanced levels of the PGE at Loch Borralan, investigations
were extended during the summers of 1989 and 1990 to the nearby Loch Ailsh intrusion.
Lithogeochemical and drainage reconnaissance were used to define areas for detailed study.

The majority of rock samples were collected from surface exposures along the course of the Allt
Cathair Bhan and adjacent ridges. A number of targets for mineralisation which had been defined by
geophysics were also investigated by manual pitting. Drainage sampling was extended throughout the
Complex in order to define othor poorly exposed targets. The locations of rock and drainage sites are
shown in Figure 2.

Mean levels of La and Ce in rocks are similar to those from Loch Borralan. One zone in the Allt
Cathair Bhan (Figure 2 inset) shows a marked enrichment, up to maxima of 3239 ppm La and 3956
ppm Ce in syenite and 840 ppm La and 1456 ppm Ce in pyroxenite. These rocks are also enriched in
Th (maximum 244 ppm) and U (maximum 65 ppm).

There is again a significant Spearman ranked correlation between Y and Zr in 58 pyroxenite samples
(0.64), but not in the 78 syenite samples collected (0.14). Instead, Y is associated with La, Ce, Fe, Zn,
Ti, Mn, V and Ca, all correlations (>0.42) significant at the 99.9% confidence level. This association
between the REE suggests the presence of other rare earth minerals, possibly including allanite which
is a characteristic accessory mineral in syenite. Samples of Durness limestone (marble) have the
lowest levels of the REE, but these and the skarns derived from them locally show minor enrichment,
probably as a result of metasomatic reaction.

Stream sediment samples were wet screened in the field through 150 micron aperture mesh to produce
approximately 50g of sample. Pan concentrates were processed from 4 kg of -2 mm material. This
volume was reduced using a standard panning technique to produce 150 ml of heavy mineral
concentrate.

A total of 24 stream sediment and panned concentrate samples were collected. Levels of La and Ce
are similar to those in rocks in both sample types. Higher Y levels in panned concentrates than in
rocks or stream sediments are consistent with upgrading of zircon in the heavy mineral fraction.
Samples from one site (8003), situated close to the anomalous rock site PGR 8084, contained
significantly enhanced levels of La and Ce in both stream sediments and panned concentrates.

Ben Loyal

In September 1990 a short reconnaissance survey to investigate occurrrences of rare earth minerals ‘
was carried out over the Ben Loyal and Cnoc nan Cuilean intrusions. The locations of rare earth
minerals identified from earlier BGS investigations are shown in Figure 4. Although most of these
localities were investigated, the upper sheeted contact zone of the Ben Stumanadh portion of the
intrusion could not be investigated due to time constraints. A total of 14 rocks and 8 stream sediment
and panned concentrate samples was collected.

A marked REE enrichment occurs in two rock samples from the Cnoc nan Cuilean intrusion. The
highest recorded levels (5667 ppm La and 19785 ppm Ce) were from a sample of heterogeneous basic
syenite from the upper reaches of the Allt Liath catchment [261500 946090]. Minor enhancements are
found in samples from the Ben Loyal intrusion.



Enhanced levels of the REE are found in both stream sediment and panned concentrate samples
collected in catchments draining the Alit Liath area. The results, up to maxima of 1409 ppm Ce in
panned concentrates and 1922 ppm Ce in stream sediments are the highest recorded in drainage
samples during this study. This anomaly may be due to the single bedrock anomaly described above or
else be the product of other REE mineralisation in that part of the Cnoc nan Cuilean intrusion.

Reference

THIRLWALL, M F. 1988. Geochfonology of Late Caledonian magmatism in northern Britain. Journal
of the Geological Society of London, Vol. 145, 951-967.
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TABLES

Rare earth element data for:

Table 1 Loch Borralan Phosphate Project boreholes
Table 2 Loch Borralan Borehole 2
Table 3 Loch Borralan Borehole 3

Table 4 Loch Borralan Borehole 4
Table 5 Loch Ailsh rocks

Table 6 Loch Ailsh stream sediments
Table 7 Loch Ailsh pénned concentrates
Table 8 Ben Loyal rocks

Table 9 Ben Loyal stream sediments
Table 10 Ben Loyal panned concentrates

Table 11 Major rock type code classifications



Marble Cambro-

Basal quartzite Ordovicion

LATER SUITFE
Quartz syenites ond perthosites
FARLY SUITE
Ledmorite and associated rocks

Pyroxenite, hornblendite

Boundary inferred from borehole
or geophysical dota

Contact between earlier ond
later igneous phases

® 4 /305
" Ben More Thrust Plane

‘\04/480/ O Limit of outcrop
/
/ / UQ\\ 911 —-| «®4 Borehole (inclined where arrowed)
/ '@ 6,/500 ~O
/I U K N
® 6 X600
// Y@\\\ g
@® -~
J 6,/690 \\
@ 64840  B8/630@ ‘
1
@% @& 8/7200 \ ,
. \781Q 10/600
OQ 8 N "’&()/650 )
A \\ @ 10/7\3\5 Syenites
©10/800 ‘e
\ \® 12 /650
U; \ ©eiwo/875  © 12/700 o
\

5, e s
~
)2(

© 14700
~._®12/900 7 a 300 metras
5. -~ o 14/800 0 16/600
2, © ‘27“999 ®14/850 N
AN ~®14/900 ®16/A750
Loch ‘S'/e ‘\\\\ \\
~ B2 LY,
910 Urigill [} ROCké‘Ns\ng/no 910
® 20/720
©18/993
&) ©22/720

d
L Pyroxene—syenites

226
|

Figure 1 Locations of Loch Borralan boreholes
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Table 1 Rare earth element data for Loch Borralan phosphate project boreholes
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Table 4 Rare earth element data for Loch Borralan Borehole 4
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Table 5 Rare earth element data for Loch Ailsh rocks
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Table 6 Rare earth element data for Loch Ailsh stream sediments
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Table 7 Rare earth element data for Loch Ailsh panned concentrates
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Table 8 Rare earth element data for Ben Loyal rocks
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Table 9 Rare earth element data for Ben Loyal stream sediments
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Table 10 Rare earth element data for Ben Loyal .panned concentrates
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Table 11 Major rock type code classifications

1 Igneous rocks

1ADC

1C00
1CAQ
1CAD
1CAE
1CAF
1CAG
1CCF
1CA

1F00
1FBO
1FBC
1FBE
1FF0

1G00

Meladiorite

Syenite Group

Syenite, undifferentiated
Leucosyenite
Melasyenite
Quartz-syenite
Pyroxene-syenite
Borolanite
Melanite-syenite

Pyroxenite Group
Pyroxenite, undifferentiated
Hornblende-pyroxenite
Cromaltite

Serpentinite

Lamprophyre group

2 Metamorphic rocks

2900
2M00
2R00
2500
2SDN

Quartzite

Calc-silicate rock
Marble

Skarn
Garnet-pyroxene skarn

3 Chemical/ biochemical rocks

4H00 Dolomite and calcite
4 Minerals

7D11 Quartz

7H10 Carbonate



