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Gibbsite will only form when drainage is good and silica concentrations in
groundwater are low (GARDNER 1972), conditions that may be encountered in the
highly permeable medium produced by granular disintegration of rocks containing
only small amounts of weatherable minerals, for example acid crystalline rocks with
low quantities of Ca-feldspar and ferro magnesian minerals. In basic grusses the
situation is different for here aluminous hydroxides may be left as residues from the
desilicification of plagioclase (WILSON 1969).

2. Kaolinite and halloysite may be present in the early stages of alteration.
Kaolinite (usually disordered) dominates the clay fractions in granular grusses

derived from granites and quartz-schists. Halloysite is associated with less acid
parent rocks and its formation is apparently favoured by the higher concentrations
of basic cations (c.f. DEJOU et al. 1972). Kaolinite also occurs in relatively small
amounts in basic granular grusses where it is derived from biotite (WILSON 1966,
BASHAM 1974) and, perhaps, also Ca-feldspar. The presence of kaolinite/halloysitic
clays during initial alteration is again a reflection of the high permeability of the
granular grusses (DEJOU & PEDRO 1967).

3. Mature kaolinite/illite assemblages dominate at the later stages of alteration on all
rock types.

Kaolinite is generally dominant and may be of the well-ordered or disordered
types. It is probably derived from Ca-feldspar, K-feldspar and, to a lesser extent,
biotite. Biotite is also partly altered to haematite and geothite. This has contributed
to the rubefaction of certain clayey grusses but the main source of pigmentary iron
was probably at higher levels of these weathering profiles, now denuded (WILSON
et al. 1981).

The age oj the saprolites

Using data on granulometry and clay mineralogy, backed by geochemistry, HALL
(1983, 1985) has identified two weathering types in north-east Scotland. The more
evolved but spatially-restricted clayey gruss weathering type includes saprolites in the
clayey gruss granulometric group which also show high (> 50%) soluble base losses
and, at some sites, rubefaction and etching of quartz. The dominance of kaolinitic­
illitic clay mineral assemblages on different rock types for' these mature saprolites has
been described above. The less altered gruss weathering type is known at several
hundred sites throughout north-east Scotland. The gruss weathering type includes
the granular gruss and gruss granulometric groups and contains abundant little­
altered primary minerals. Soluble base losses are generally 50%. The varied and
relatively immature clay mineral assemblages of the grusses have already been de­
scribed. The gruss and clayey gruss weathering types described above correspond
closely with the 'sandy' and 'clayey' saprolites widely recognised in continental
Europe (BAKKER 1967, MILLOT 1970).

The greater degree of chemical alteration of the clayey grusses implies that
saprolites of this type are older than those of the gruss weathering type. The question
of age, however, is complicated by the fact that boreholes in central Buchan show
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that thick saprolites of gruss type may occasionally underlie clayey gruesses as r
of single weathering profiles. In this area, therefore, grusses may represent the b
parts of profiles whose upper horizons were originally of clayey gruss type, prio
truncation. Outside central Buchan, however, it is likely that the grusses repre~

a separate phase of deep weathering. Evidence for this includes:
1. the rarity of clayey grusses outside central Buchan. Only two exposures

known. These are the rubefied and kaolinised granite at Bennachie Car f
(WILSON et al. 1981), described earlier, and a highly altered metasediment fl
Clashindarroch Forest (KOPPI 1977) (Fig. 1).

2. the lack of evidence from soil and drift mineralogy for the widespread gl,
reworking of former highly kaolinitic sapralites (WILSON et al. 1984).

3. the thicknesses of gruss weathering profiles, with depths of over 20 m recar
in numerous boreholes (HALL 1986).

4. the clay mineralogy of the grusses, which generally indicates clay forma
under free draining conditions which are unlikely to have prevailed toward~

base of weathering profiles.
The gruss weathering type can thus generally be regarded as the product
separate, prolonged phase of deep weathering which took place after formatio
clayey grusses had effectively ceased. The possible ages of these two period
weathering must now be assessed.

Cf(1J'~Y Gruss Weathering Tjpe

The degree of alteration shown by the clayey grusses of north-east Scotland
beyond that of most saprolites reported from formerly glaciated areas and
beyond that of Pleistocene arenaceous saprolites found south of the limits of gl
tion in France and \'V'est Germany. The clayey grusses most closely resemble in
and degree of alteration mature Late Tertiary arenes in Brittany (ESTEOUELLE-C~

1967) and Limousin (SEDDOH 1973) which show elevated silt contents, kaoli
mica clay mineral assemblages and marked rubefaction.

The mineralogical changes found in the clayey grusses are similar to those f{
in weathered granites in humid tropical environments (TARDY et al. 1973) and al
certainly reflect warmer climates than those which prevailed in Scotland durin:
Pleistocene. Humid temperate conditions dominated during the Neogene ir
North Sea area (BucHARDT 1978) and it is possible that the clayey grusses n
prolonged alteration on stable sites over this period. Evidence from the minen
of North Sea sediments suggests, however, that intense kaolinisation had all
ceased, for kaolinite is progressively replaced by chlorite and illite from the
Miocene onwards (KARLLSON et al. 1979, BERSTAD & DYPVIK 1982). The m~

change in mineralogy corresponds with abrupt cooling from subtropical to tef
ate environments at c. 10 Ma (MuDIE & HELGASON 1983) and presumably re
the progressive stripping of kaolinitic regoliths developed under warm clir
earlier in the Tertiary and their gradual replacement by sandy saprolites (BA
1967).

The Mia-Pliocene boundary defines a probable minimum age for the c
grusses. These saprolites maybe considerably older than this. Warm and h
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environments prevailed in Britain during much of the Palaeogene and Miocene.
Palaeogene kaolinitic weathering profiles are observed in south-west England and
these, together with high kaolinite contents in contemporaneous sediments, provide
evidence of prolonged and deep kaolinisation (ISAAC 1983). In central Buchan clayey
grusses are found juxtaposed with and locally underlying gravels of the Buchan
Ridge Gravels Formation, fluvial deposits of probable Late Tertiary age. These
gravels incorporate large volumes of Cretaceous flint, some of it cavernous and
little-tra veiled, and demonstrate that this part of Buchan has not been greatly low­
ered in the Tertiary (HALL 1987). A Mesozoic age for the underlying kaolinised
bedrock is therefore possible. Such a great age in unlikely, however, as
1. no in situ Mesozoic sediments have yet been found in Buchan,
2. development of the clayey gruss at the isolated site at the foot of Bennachie must

post-date uplift of this granite in the Early Tertiary and
3. the flint gravels are themselves intensely weathered (KOPPI & FITZPATRICK

1980), with kaolinisation of non-resistant clasts through 25 m of deposit at Moss
of Cruden (McMILLAN & MERRIT 1980).

The simplest view is that the clayey grusses need be no older than the Miocene.
Subtropical climates suited to kaolinisation prevailed in Scotland during the Miocene
(BUCHARDT 1978) and kaolinitic clays of this age are known in offshore boreholes
(EVANS et al. 1981). A greater age is possible but is currently without support.

Cruss Weathering Ijpe

The type and degree of alteration shown by the grusses in north-east Scotland is
similar to that of other saprolites in formerly glaciated areas and to that of certain
Pleistocene arenes beyond the glacial limits in France. The appearance of kaolinite
in the early stages of alteration has been noted in central Finland (LAHTI 1985) and
from the Morvan, France (DEJOU 1967). The presence of gibbsite in arenaceous
granite weathering profiles is recorded from several extra-glacial areas, including
south-west England (GREEN & EDEN 1971), the Morvan (PEDRO et al. 1975) and
west-central Spain (TORRENT & BENAYAS 1977). Mica-schist arenes from the Massif
Central are dominated by kaoliniteJhalloysitic clays (DEJOU et al. 1974), as in north­
east Scotland. Finally, the mineralogy of the basic grusses is comparable to those
found in western Norway (ROALDSET et al. 1982). In short, clay mineralogy and
granulometry show that the gruss weathering type belongs to the family of 'sandy'
weathered rocks (BAKKER 1967) which occur throughout western Europe, both
within and beyond the Pleistocene glacial limits.

The clay mineralogy of the grusses indicates development under humid temper­
ate environments. The importance of kaolinite and presence of gibbsite in the
grusses, even on basic parent rocks, demonstrates humid conditions during weather­
ing. Temperatures may have been somewhat higher than at present (BASHAM 1974)
as the clay mineral transformations in the more evolved grusses are more advanced
than those in Holocene soils in north-east Scotland (WILSON et al. 1984) and are
comparable to those found in young arenes in France (TARDY et al. 1973).

Humid temperate conditions prevailed in Scotland during the Pliocene, the
preglacial Pleistocene and interglacial periods. The depths of gruss development,
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with numerous boreholes recording over 20 m of gruss, indicates that many gruss
profiles reflect prolonged weathering, probably dating from the Pliocene. Many thin
grusses must represent the truncated remnants of former preglacial deep profiles.
Specific support for a preglacial age for grussification at some sites is provided by
1. the presence of norite gruss beneath a sequence of Middle Pleistocene glacial,

fluvioglacial and periglacial sediments at Kirkhill (Fig. 1) (HALL 1984) and
2. the presence of hydromorphic Fe and Mn minerals in gruss weathering profiles

which now occupy free-graining sites on valley sides. Weathering must, there­
fore, predate regional drainage incision during the middle Pleistocene.

General support for preglacial grussification is given by the strong influence which
pre-existing weathering patterns have exerted over the morphology of land forms of
glacial and fluvioglacial erosion (HALL 1986, 1987, HALL & SUGDEN 1987).

Bedrock grussification almost certainly continued during Pleistocene inter­
glacials. Evidence for this is provided by granular disintegration of clasts in weath­
ered Saalian tills (HALL 1984) and frequently also of suseptible biotite-rich clasts in
Weichselian tills and gravels. The continuity of grussification seems assured but the
depth of gruss development during interglacials is uncertain. BOARDMAN (1985)
describes interglacial weathering of the pre-Devensian Thronsgill Till in Cumbria,
England, with grussification of andesite and microgranite clasts down to 15 m at one
site. The depth of weathering of this till far exceeds that recorded in pre-Weichselian
weathered tills in north-east Scotland or, indeed, anywhere else in Britain and may
reflect unusual site conditions. Bedrock weathering appears to have been very
limited during the present interglacial in north-east Scotland and even shallow
granular grusses can often be shown to be of pre-Weichselian age by the incorpora­
tion of weathering products into overlying Weichselian glacial and periglacial depos­
its. Gruss development during earlier interglacials of similar climate and duration
must also have been slight and thick gruss development would seem to require
periods considerably in excess of 10 ka.
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