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Cenozoic weathering covers in Buchan,
Scotland and their significance

A. M. Hall

Fettes College, Carrington Road, Edinburgh EH4 1QX, UK

Isolated occurrences of chemically weathered rock or saprolite are
common in many formerly glaciated areas around the North
Atlantic'. These pockets of saprolite are widely regarded as
remnants of Cenozoic deep-weathering covers which existed before
the first extensive Northern Hemisphere glaciations at ~2.4 Myr
(ref. 7) and their apparent survival has long been used as evidence
for the local ineffectiveness of glacial erosion®**°, However, the
scarcity of correlative deposits means that the age and significance
of these fragmented saprolites are uncertain. I report here the
results of a detailed survey which shows that in Buchan, Scotland,
a combination of Cenozoic tectonic stability and extremely limited
Pleistocene glacial erosion has allowed the preservation of deep-
weathering covers of probable Miocene to early Pleistocene age
on a scale not previously reported from any other formerly glaci-

ated area.
Buchan is an area of subdued relief lying at the angle of

north-east Scotland (Fig.1). The geology consists largely of
Precambrian to Dalradian metamorphic rocks intruded by
Caledonian acid and basic igneous masses'®. The only sedimen-
tary rocks onshore are Devonian Old Red Sandstones but thick

accumulations of Mesozoic and Palacogene sediments lie
offshore.

In Buchan, saprolites are continuous over wide areas'' and
maximum depths exceed 60 m in boreholes'*" (Fig. 2). All
major rock types are affected and alteration decreases with
depth, indicating that weathering is a product of subaerial rather
than hydrothermal alteration.

Within major lithologies, saprollte characteristics vary w1dely
and reflect important differences in the degree of chemical
alteration. Data on granulometry and clay mineralogy, backed
by geochemistry, indicate that two main weathering types exist.
Most widespread is the gruss weathering type in which a rela-
tively low degree of alteration has caused disintegration into a
granular sand. Gruss is characterized by an abundance of little-
altered primary minerals, low fines contents, low soluble base
losses and heterogeneous and immature clay mineral assem-
blages (Table 1). The second weathering type, clayey gruss, is
virtually confined to central Buchan. Here advanced alteration
has reduced parent rocks to a sticky, clayey silty sand. Detrital
primary mineralogy is dominated by quartz, fines contents are
relatively high, and clay mineral assemblages consist of mature
kaolinite-illite suites. At several sites, clayey grusses are rubefied
due to the presence of haematite and goethite. This distinction
between grusses and clayey grusses is comparable with others
made for granite weathermg covers in Europe south of the limits
of Pleistocene glaciation™

The relative ages of the two weathering types can be estab-
lished using evidence from correlative deposits, saprolite
mineralogy and geomorphology. All deep weathering in north-
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east Scotland must predate the last glaciation as materials
reworked from subjacent and adjacent saprolites form a major
component of Devensian tills and congeliturbates'"'®"".
Evidence that many gruss weathering profiles are of mlddle
Pleistocene age or older is provided by: (1) the presence of
weathered biotite and feldspar and inherited clays throughout
the middle to late Pleistocene sequence of glacial, glacifluvial
and periglacial deposits at Kirkhill'®'?; and (2) the presence of
hydromorphic iron and manganese mmerals in weathering pro-
files now occupying free-draining sites”. These minerals indicate
that weathering had already extended close to and probably
below the water table before a major change in groundwater
drainage status during the Pleistocene in response to regional
drainage incision.

Suggestions that deep weathering is wholly of interglacial
age?' may also be rejected in view of the dlspanty between rates
of rock alteration during the present mterglac1al the relatlvely
short durations (~10-30kyr) of previous interglacials®® and
observed depths of weathering. Formation before the glacial
Pleistocene is indicated.

The dominance of kandite and illite clay mineral assemblages
in acid 1gneous and metamorphic grusses2 and hydrous mica-
amorphous iron oxide assemblages in basic igneous grusses'®
indicates weathering under humid temperate environments.
However, the intensity of alteration shown by the clayey grusses
requires warmer, probably subtropical cllmates14 15, Marine
palacotemperatures™ and terrestrial palynology** indicate that
subtropical climates last prevailed in the Scottish area during
the middle Miocene (10 Myr). Major climatic cooling after this

time?***is reflected in the mineralogy of North Sea well samples

with appearance of chlorite and amphibole and increases in
illite and feldspar contents®>?®, and in a transformation in styles
of rock weathering throughout western Europe with the first
development in the Tertiary of sandy saprolites retaining sig-
nificant amounts of detrital feldspar and biotite>'. I conclude
that the clayey gruss weathering type predates the late Miocene
and that the gruss weathering type developed continuously
throughout the Pliocene and early Pleistocene.

The clayey grusses are virtually confined to a north-south
belt of high ground in central Buchan (Fig. 1) which represents
the remnants of a Miocene or older landsurface. Around Hill
of Dudwick, the clayey grusses are juxtaposed with and underlie
outcrops of the Buchan Ridge Formation. These intensely-
weathered gravel deposits comprise clasts of rolled Cretaceous
flint and Dalradian quartzite with®a matrix of quartz sand and
kaolinitic fines?’, and are widely regarded as Tertiary in age®*~°.
At Moss of Cruden, the gravels are >25 m thick and include
clasts of little-travelled nodular flint. The preservation of such
large volumes of flint suggests that Buchan has remained close
to base-level since marine transgression in the late Cretaceous.
This reflects the position of Buchan at the stable eastern
extremity of the Scottish Highlands, an area repeatedly tilted
westwards towards the rapidly subsiding North Sea basin in the
Tertiary®'

Tectonic stability has been a major factor in the extraordinary
development and state of presevation of Cenozoic weathering
covers. However, the survival of friable saprolites also demon-
strates the singular ineffectiveness of Pleistocene glacial erosion
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Fig. 2 Deep weathering patterns in central Buchan.



Table 1 Summary characteristics of weathering types

Rock type Granite Basic igneous Quartz schist Pelite
2
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Weathering type G G G G G CG G G CG G G CG CG CG G CG
% <2 pm 0.2 19 1.7 21 36 170 02 1.8 435 2.1 82 120 154 137 7.1 222
% <63 pm 25 144 127 175 261 450 67 113 755 9.1 413 320 43.0 498 20.1 947
Feldspar/quartz ratio 1.2 09 12 18 11 01 ND ND ND 0.5 07 01 01 02 ND ND
% MgO 036 - 036 044 034 053 0.11 6.60 4.52 049 0.51 1.23 024 0.15 0.14 ND  0.18
% CaO 134 008 0.12 0.14 037 007 844 4.66 049 020 023 007 0.07 007 ND  0.10
% Na,O 33 113 158 214 181 0.14 198 1.59 0.05 .22 0.18 0.5 0.10 0.05 ND 055
% K,0 603 53 465 563 356 3.00 0.56 0.55 0.45 271 384 124 0.63 2.80 ND 0.72
% Soluble base losses 59 534 586 486 ND 954 190 31.1 ND ND ND ND ND ND ND 789
Rubefaction — — — — — X — — — — — X X X — —
Etching of quartz — — — — — — — — — — — X X — — —
Clay mineralogy I H 1 K K K I Gi K Gi I K K K M K
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C, Chlorite; Gi, gibbsite; Go, goethite; H, halloysite; [, illite; M, mixed-layers; S, smectite; V, vermiculite; G, gruss; CG, clayey gruss; ND, not

determined.

in Buchan, where a succession of cold-based ice sheets have
done little to modify Neogene landsurfaces'®.

Pockets of gruss-type saprolites occur widely in other glaciated
areas bordering the North Atlantic'. Analogies with Buchan
suggest that during the Neogene, lowland crystalline terrains
were extensively weathered under temperate environments, with
depths of weathering exceeding 30 m on interfluves. Where
saprolites have survived glaciation and can be shown not to be
the products of hypogene alteration®” or exceptionally deep
alteration down fault zones'>%, it can be proposed that local
Pleistocene glacial erosion has amounted to at most the removal
of a few tens of metres of regolith and exposure of the basal
surface of weathering. Such estimates can be reconciled with
regional evidence of deep Pleistocene erosion deduced from the
volumes of offshore sediments**** by recognizing the selectivity
of glacial erosion. Enclaves of little-modified Neogene relief
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prevent significant glacial erosion®®, Finally, the thicknesses of
saprolite reported here would suggest that material reworked
from preglacial Cenozoic weathering profiles forms a major, but
largely overlooked component of glacial tills*”*",

This work was carried out during tenure of a Research
Scholarship from the University of St Andrews. A grant towards
the cost of illustrations was provided by the Carnegie Trust for
the Universities of Scotland. Borehole information was provided
by the Department of Geology, University of Aberdeen,
RioFinEx Ltd and the British Geological Survey, Edinburgh.

22. Bowen, D. Q. Quaternary Geology (Pergamon, Oxford, 1978).

23. Buchardt, B. Narure 275, 121-123 (1978).

24. Mudie, P. J. & Helgason, J. Nature 303, 689-692 (1983).

25. Karllson, W., Vollset, J., Bjorlykke, K. & Jorgensen, P, Proc. 6th int. Clay Conf. 27, 281-289
(1979).

26. Berstad, S. & Dypvik, H. J. Petrol. Geol. 5, 77-88 (1982).

27. Kesel, R, H. & Gemmell, A. M. D. Scott. J. Geol. 17, 185-203 (1981).

28. Koppi, A. J. & FitzPatrick, E. A. J. Soil. Sci. 31, 525-532 (1980).

29. McMillan, A. A. & Merritt, J. Rep. Inst. geol. Sci. No. 80/1 (1980).

30. Hall, A. M., Scott. J. Geol. 18, 336-338 (1982).

31. Ziegler, P. A. in Petroleum Geology of the Continental Shelf of North-West Europe (eds
Illing, L. V. & Hobson, G. D.) 3-39 (Heyden, Rheine, 1981).

32. Samuelsson, L. Sver. geol. Unders. Arsb. 67(9), 16 (1973).

33. Matthews, W. H. Am. J. Sci. 275, 818-824 (1975).

34, Laine, E. D. Quat. Res. 14, 188-192 (1980).

35. McKeague, J. A, Grant, D. R., Kodama, H., Beke, G. J. & Wang, C. Can. J. Earth Sci. 20,
37-48 (1983).

36. Sugden, D. E. Inst. Br. Geogr. Spec. Publ. 7, 177-196 (1974).

37. Kaitenen, V. Fennia 99(5), 85 (1969).

38. Kiseley, 1. 1. Izv, vses. geogr. Obshch. 107, 133-148 (1975).

39. Soderman, G., Kejonen, A. & Kujansuu, R. Fennia 161, 91-144 (1983).

40. Mitchell, G. F. J. Earth Sci. (Dubl) 3, 13-33 (1980).

41, Rosenquist, 1. Th. Geol. For. Stockh. Firh. 97, 284-286 (1975).




