Figures, maps, plates and tables

Only those figures, , plates and tables and that are mentioned in Appendix 1 are listed here.
(Figure 2) Solid geology of the district.

(Figure 7) The 'SPECMAP' oxygen isotope curve for the last glacial-interglacial cycle (after Imbrie et al., 1984) with
climato-stratigraphical stages and selected events in north-east Scotland.

(Figure 20) Summary of Cainozoic relief development in central Buchan (after Hall, 1987).
(Figure 22) Distribution of Miocene land surface and major topographical features (after Hall, 1985).
(Figure 33) Quaternary stratigraphy of the central North Sea (from Gatliff et al., 1994).

(Figure 36) Patterns of ice flow deduced by Jamieson (1906). a Deposition of Indigo Till b Deposition of Lower Grey
Boulder Clay ¢ Deposition of Dark Blue Boulder Clay and Red Clay Series d Aberdeen Re-advance.

(Figure 37) Patterns of ice flow deduced by Bremner (1943).

(Figure 41) Reconstruction of the maximum extent of the Main Late Devensian—Weichselian ice sheets (28-22 ka BP)
showing possible location of former ice streams (modified from Sejrup et al., 2000).

(Figure 42) Tentative reconstructions of former proglacial lakes in north-east Scotland. a Creation of ‘50 m’ Lake Ugie
shortly after the maximum of the second major expansion of the Main Late Devensian ice sheet (after 18 ka BP) and
following the earlier ponding of the 80 m’ lake. Widespread glacial over-riding of glaciolacustrine deposits occured east of
Lake Ugie. b Parting of East Grampian and 'Logie-Buchan' ice with the formation of Lake Ythan. ¢ Diachronous ponding
along the Banffshire coast and glaciomarine incursion around St Fergus at about 15 ka BP.

(Figure 43) Devensian—Weichselian events in Britain and south-west Fennoscandia (after Peacock and Merritt, 1997,
Sejrup et al., 2000). Norwegian data from Baumann et al. (1995) and Mangerud et al. (1981). D/L amino-acid ratios
corrected according to Miller and Mangerud (1985). British data from Baker et al. (1995), Bowen (1989), Gordon et al.
(1989), Lawson and Atkinson (1995) and Miller et al. (1987).

(Figure 44) Tentative reconstruction of ice margins at the maximum stage of the second major expansion of the Main
Late Devensian ice sheet (after Hall and Bent, 1990 and Sejrup et al., 1987). This stage is correlated with the maximum
of the ‘Dimlington Advance’, 18.5-15.1 ka BP (Sejrup et al., 1994).

(Figure 46) Contoured rockhead surface beneath the City of Aberdeen (after Munro, 1986).
(Figure 50) Distribution of the Logie-Buchan Drift Group and related features.

(Figure Al.1) Locations of sites described in Appendix 1.

(Figure Al1.2) Location of sites in the vicinity of Teindland (after Hall et al., 1995a). .

(Figure A1.3) Lithostratigraphy at Red Burn (after Hall et al., 1995a). .

(Figure Al1.4) The original Teindland pollen site (after Hall et al., 1995a). .

(Figure A1.5) The location of the Boyne Limestone Quarry (after Peacock and Merritt, 2000a).

(Figure A1.6) The glacigenic sequence at locality 1, Boyne Limestone Quarry (after Peacock and Merritt, 2000a).



(Figure A1.7) Map of Castle Hill, Gardenstown (after Peacock and Merritt, 1997).
(Figure A1.8) Lithological log of Section S1 at Castle Hill (after Peacock and Merritt, 1997).
(Figure A1.9) Crossbrae Farm site (after Whittington et al., 1998).

(Figure A1.10) Graphic logs and lithostratigraphy of representative sections at the Howe of Byth sand and gravel quarry
(after Hall et al., 1995b).

(Figure Al1.11) Generalised lithological sequences at Kirkhill and Leys quarries.

(Figure A1.12) Generalised transect along the lower Philorth valley showing radiocarbon and pollen sites used in the
construction of the local Holocene sea level curve (after Smith et al., 1982).

(Figure A1.13) Landforms and deposits in and adjacent to the Ugie catchment. A, Ardglassie; B, Blackhills; BB, Ballus
Bridge; G, Greenhill; K, Kirkhill; L, Lumbs; Ly, Leys; O, Oldmill; R, Red Loch; SL, Sinclair Hills; W, Upper Waughtonhill;
WD, West Dens channel.

(Figure Al1.14) Glaciofluvial deposits and landforms in the vicinity of Auchlee, north of Longside. A-C are localities where
fossil tundra polygons are visible on air photos; D-G and | sites mentioned in the text.

(Figure A1.15) Localities at St Fergus (after Peacock, 1999). See (Figure A1.13) for general location of the St Fergus Silt
Formation.

(Figure A1.16) Schematic stratigraphical relationships in the Sandford Bay area, based on cliff sections near Sandford
Lodge [NK 125 434] and in the Invernettie road diversion [NK 120 447].

(Figure A1.17) The principle outcrops of the Windy Hills Gravel Member of the Buchan Gravels Formation near Fyvie.
(Figure A1.18) Investigations on the Buchan Ridge (after Hall and Jarvis, 1994).

(Figure A1.19) Camp Fauld site (after Whittington et al., 1993).

(Figure A1.20) Schematic logs and correlations in the Ellon area (after Hall and Jarvis, 1995).

(Figure Al1.21) Quaternary deposits and landforms of the Kippet Hills area.

(Figure A1.22) Mill of Dyce sand and gravel quarry and the deglaciation of the lower Don valley.

(Figure A1.23) A palaeoenvironmental model of the Strabathie subaqueous esker-delta (after Thomas, 1984).

(Figure Al1.24) Iceberg dump and grounding structures at Strabathie (after Thomas, 1984). a—d dump structures; e
grounding structure .

(Figure A1.25) Lithostratigraphy at the Nether Daugh site.
(Figure A1.26) Absolute pollen diagram of selected taxa from Rothens (after Aitken, 1991).

(Figure A1.27) Stratigraphical relationships of deposits at the Nigg Bay cliff section in 1977-80 (not to scale and partially
schematic).

(Figure A1.28) Loch of Park locality, near Banchory.
(Figure A1.29) Stratigraphy and structure of the Quaternary sediments at Balnakettle.

(Figure A1.30) Location of Knockhill Wood site.



(Figure A1.31) Sketch transect of the Knockhill Wood exposure showing the relationship between the organic and
glacigenic sediments.

(Figure A1.32) Graphic log of the organic sequence at Knockhill Wood.
(Figure A1.33) Postulated form of the landslip Knockhill Wood.
(Figure A1.34) Excavations and measured sections at the Burn of Benholm.

(Figure A2.1) Sketch map showing the location of published sand and gravel resource assessment sheets and
administrative areas in north-east Scotland.

(Figure A2.2) Composition of workable gravel deposits between Elgin and Aberdeen.
(Figure A2.3) Composition of workable gravel deposits south of Aberdeen.

(Figure A3.1) Houff or Ury area. a Contoured ground conductivity values and location of GPR traverses in the Houff of
Ury area b Geological map of the contact between the East Grampian and Mearns drift groups in the Houff of Ury area,
based on geological mapping, conductivity surveying and ground resistivity soundings .

(Figure A3.2) Frequency distribution of interpreted resistivity values from the Banchory- Stonehaven sand and gravel
resource sheet area (Auton et al., 1988).

(Figure A3.3) Buchan Ridge. a Location of GPR traverses and resistivity soundings on the northern slope of the ‘Buchan
Ridge’ at the Moss of Cruden b Interpreted GPR profile (50mHz) along part of line 1 (162—342 m).

(Figure A3.3c) Buchan Ridge. Resistivity model along line 1 ( 200-392 m) and line 2 .

(Map 2) Glacial and glaciofluvial features and the distribution of glacigenic deposits on Sheet 96W Portsoy.
(Map 3) Glacial and glaciofluvial features and the distribution of glacigenic deposits on Sheet 96E Banff.
(Map 4) Glacial and glaciofluvial features and the distribution of glacigenic deposits on Sheet 97 Fraserburgh.
(Map 5) Glacial and glaciofluvial features and the distribution of glacigenic deposits on Sheet 86E Turriff.
(Map 6) Glacial and glaciofluvial features and the distribution of glacigenic deposits on Sheet 87W Ellon.
(Map 7) Glacial and glaciofluvial features and the distribution of glacigenic deposits on Sheet 87E Peterhead.
(Map 8) Glacial and glaciofluvial features and the distribution of glacigenic deposits on Sheet 76E Inverurie.
(Map 9) Glacial and glaciofluvial features and the distribution of glacigenic deposits on Sheet 77 Aberdeen.
(Map 10) Glacial and glaciofluvial features and the distribution of glacigenic deposits on Sheet 66E Banchory.
(Map 11) Glacial and glaciofluvial features and the distribution of glacigenic deposits on Sheet 67 Stonehaven.

(Plate 4a) Buchan Gravels Formation at Windyhills. a Quartz-quartzite gravel of the Windy Hills Gravel Member at its
type locality (P104101) .

(Plate 5a) Flint clasts recovered from the base of the Buchan Ridge Gravel Member in a trial pit on the Moss of Cruden
[NK 0253 4024]. Little-worn flints such as these were either derived directly from a former cover of Chalk in the area or
from a remanié flint deposit. This evidence suggests that the present terrain lies close to the level of the sub-Cenomanian
surface. (a P104122, b P104121).



(Plate 5b) Flint clasts recovered from the base of the Buchan Ridge Gravel Member in a trial pit on the Moss of Cruden
[NK 0253 4024]. Little-worn flints such as these were either derived directly from a former cover of Chalk in the area or
from a remanié flint deposit. This evidence suggests that the present terrain lies close to the level of the sub-Cenomanian
surface. (a P104122, b P104121).

(Plate 8c) Till of the Banffshire Coast Drift Group at Oldmill [NK 0245 4407], showing downward transition from
weathered to unweathered diamicton. (P104106).

(Plate 15) The Kippet Hills Esker looking northwards from Broom Hill [NK 0332 3058], near Collieston. Meikle Loch
occupies a large kettle hole beside the esker, which is capped by red clayey diamicton typical of the Logie-Buchan Drift
Group. The esker merges northwards into an outwash fan at Knapsleask (D2791).

(Plate 17b) Glacial rafts. b Attenuated, fractured and sheared lenses of sand within the Whitehills Glacigenic Formation at
the Boyne Limestone Quarry (P104124).

(Plate 22) Southern face of Kirkhill Quarry [NK 011 528] in 1979 (P528224). The sands and gravels resting on bedrock
belong to the Pitscow Sand and Gravel Formation. The conspicuous pale band at their surface is the podzolic Kirkhill
Palaeosol Bed. Periglacial sediments of the Swineden Sand Bed and the Camphill Gelifluctate Bed succeed this. The
base of the Rottenhill Till Formation is at shoulder level with the figure. It is weathered towards the top (Fernieslack
Palaeosol Bed) and is overlain by the pale coloured Corsend Gelifuctate Bed. The overlying Hythie Till Formation has a
sharp erosional base. Note, the deformation structure affecting sediments beneath the till (above and to the left of the
figure). Approximately 8 m of sediments are exposed.

(Plate 23) Partially glacitectonised, podzolic Teindland Palaeosol Bed below sandy diamicton of the Woodside Diamicton
Formation at Teindland quarry [NJ 297 570]. Luminescence dates of 79 + 6 ka and 67 £+ 5 ka have recently been
obtained from the sands overlying the palaeosol bed to the left of the scale card. (P104118). Scale bar showing 1 cm
intervals.

(Plate 24) Attenuated rafts of sand and brecciated dark grey pebbly clay within the Whitehills Glacigenic Formation at
Oldmill pit [NK 0243 4389]. Greyish brown diamicton of the Banffshire Coast Drift Group caps the section above a
metre-thick unit of grey, sheared sandy diamicton (a penetrative glacitectonite). The ice that overrode the sequence
flowed towards the left (east-south-east) (P104119).

(Plate 26) Glacitectonised sequence at Balnakettle, north-east of Fettercairn. Till and gravel of the Mearns Drift Group
are tectonically intercalated with older (pre- Late Devensian) head gravel composed of angular clasts derived from local
Dalradian pelitic and semipelitic bedrock. The top of the tectonised sequence is truncated by a till of the East Grampians
Drift Group, formed during a local re-advance (P100707).

(Plate 27) Sheared lens of the Burn of Benholm Peat Bed within olive grey shelly clay and diamicton (Benholm Clay
Formation) in trial pit BBP4, at the Burn of Benholm site north of Johnshaven (Appendix A, 26). The shelly deposits are
overlain by red-brown diamicton of the Mill of Forest Till Formation (D4879).

(Table 1) Summary of events preserved in the marine and onshore records in and around north-east Scotland (after
Holmes, 1977).

(Table 7) Correlation of lithostratigraphical units in north-east Scotland.
(Table 8) Radiocarbon dates from Late-glacial sites in the district.
(Table 9) Geological surveyors.

(Table 10) Survey history of geological maps.

(Table 11) Number of boreholes on each geological sheet.



(Table A1.1) Sites described in Appendix 1.

(Table A1.2) Lithostratigraphy of the Teindland area.

(Table A1.3) The lithostratigraphy at Castle Hill, Gardenstown.

(Table A1.4) Mollusca from shelly deposits of the Whitehills Glacigenic Formation.
(Table A1.5) Lithostratigraphy at the Howe of Byth.

(Table A1.6) Lithostratigraphical units at Kirkhill and Leys Quarries.

(Table A1.7) Radiocarbon dates from sites in the Philorth valley (after Smit.
(Table A1.8) Lithostratigraphy at Camp Fauld.

(Table A1.9) Lithostratigraphy in the vicinity of Ellon, Leask and Slains.
(Table A1.10) Lithofacies associations at Mill of Dyce Pit.

(Table A1.11) Sedimentary facies at Strabathie (after Thomas,1984).
(Table A1.12) Pollen count from the Nether Daugh Pits.

(Table A1.13) Coleoptera from Nether Daugh (Pit 2).

(Table A1.14) Lithostratigraphy at Nigg Bay and in the vicinity of Aberdeen.
(Table A1.15) Stratigraphy of the Knockhill Wood site.

(Table A1.16) Outline pollen count from Knockhill Wood.

(Table A1.17) Lithostratigraphy in the vicinity of the Burn of Benholm.

(Table A2.1) Sand and gravel resource assessment surveys in north-east Scotland: primary data sources.

(Table A2.2) Summary results of mechanical and physical testing of naturally occurring gravels from north-east Scotland.

(Front cover) Cover photograph: Crovie Village (D6116). Sandstones and conglomerates of the Lower Devonian Crovie
Group crop out on the foreshore and are down-faulted against Dalradian rocks of the Macduff Slate Formation that form
the headland at the far end of the village. The landslip scar beyond the red telephone box exposes fine-grained deposits

of the Kirk Burn Silt Formation of the Banffshire Coast Drift Group.
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(Figure 2) Solid geology of the district.
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(Figure 7) The 'SPECMAP' oxygen isotope curve for the last glacial—interglacial cycle (after Imbrie et al., 1984) with
climato-stratigraphical stages and selected events in north-east Scotland.
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(Figure 20) Summary of Cainozoic relief development in central Buchan (after Hall, 1987).
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(Figure 33) Quaternary stratigraphy of the central North Sea (from Gatliff et al., 1994).
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(Figure 36) Patterns of ice flow deduced by Jamieson (1906). a Deposition of Indigo Till b Deposition of Lower Grey
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(Figure 37) Patterns of ice flow deduced by Bremner (1943).
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(Figure 42) Tentative reconstructions of former proglacial lakes in north-east Scotland. a Creation of '50 m' Lake Ugie
shortly after the maximum of the second major expansion of the Main Late Devensian ice sheet (after 18 ka BP) and
following the earlier ponding of the 80 m' lake. Widespread glacial over-riding of glaciolacustrine deposits occured east of
Lake Ugie. b Parting of East Grampian and 'Logie-Buchan' ice with the formation of Lake Ythan. ¢ Diachronous ponding
along the Banffshire coast and glaciomarine incursion around St Fergus at about 15 ka BP.
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(Figure 43) Devensian—Weichselian events in Britain and south-west Fennoscandia (after Peacock and Merritt, 1997;
Sejrup et al., 2000). Norwegian data from Baumann et al. (1995) and Mangerud et al. (1981). D/L amino-acid ratios
corrected according to Miller and Mangerud (1985). British data from Baker et al. (1995), Bowen (1989), Gordon et al.
(1989), Lawson and Atkinson (1995) and Miller et al. (1987).
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(Figure 46) Contoured rockhead surface beneath the City of Aberdeen (after Munro, 1986).
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(Figure Al1.1) Locations of sites described in Appendix 1.
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a Transect along pipeline trench located in Figure A1.2
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(Figure A1.5) The location of the Boyne Limestone Quarry (after Peacock and Merritt, 2000a).
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(Figure A1.12) Generalised transect along the lower Philorth valley showing radiocarbon and pollen sites used in the
construction of the local Holocene sea level curve (after Smith et al., 1982).
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(Figure A1.15) Localities at St Fergus (after Peacock, 1999). See (Figure A1.13) for general location of the St Fergus Silt
Formation.

SE MW

Appoximate vartical scale {m}
T
=

Leval of present-day beach

Unweathered granite Hatton Till Formation
Undisturbed granite gruss - ? Pithurg Till Farmation [rafts)
Glacially deformed weathered Kippet Hills Sand

granite, {Sandford Bay Till Member) and Gravel Formation
Sandford Bay Till Member —w—1 Dropstone structure

Ugie Clay Formation - Thrust fault struciure

(Figure A1.16) Schematic stratigraphical relationships in the Sandford Bay area, based on cliff sections near Sandford
Lodge [NK 125 434] and in the Invernettie road diversion [NK 120 447].



e
| e
|

)
O s b o Wiy
Vit Jrarenl Wembm
L M = R E R L T
= resddepom
o ﬁ',:m Ksiveriity

Tornw ]

T gy e ] STy

2. Loceten map (aber Gemmell and Adaion,
i

B b. GPR profile of traverss line 2 showing
Lirge-scaln freagh croas-tedding In tha
upper parts of the sequencs

c. GPR peolile of traviess hing 4 #havwing
imeistiatfiod plane asd cioaa-stratified
wand s grreell

1%

13

Tomva [l

k]

Fiw

TS DR Tl [ w O PASES

(Figure A1.17) The principle outcrops of the Windy Hills Gravel Member of the Buchan Gravels Formation near Fyvie.



a Transecis across ihe Moss of Cruden s Losality map

e a  Subdrift geclogical map showing outliers of the
Emallburn and Moresest Sandstono formatiors,
aned tha Buchan Ridge Gravel Member

Pochan Mdor PALAECOEME T8 HEDGENE

e Rardent  LOWER CPETACTOUS
Earadluwm Bandeor® pevcpaan

CaLEDONAMN

Trai s vt by bl snd srvia {150
Lo in BGE archives.

BGS Borehals

(Figure A1.18) Investigations on the Buchan Ridge (after Hall and Jarvis, 1994).

a Locality map b Pit logs
,'IE ; ){.r 'v"' : _-—- \"ﬂf T . Pit & - Pit B
3 vﬁ DN > SN e ———— ) —

S
—

Paat Had
= e
Peat Bed

[ modeok 8  Lecoiion el pisAsndB

I I Ak Till Formation

(Figure A1.19) Camp Fauld site (after Whittington et al., 1993).



a Logs of representative sections/boreholes located on Figure 50

oL BELLS CAMP EAST
ELLON TILLYBREX TOWN AUCHLEUCHRIES CAMPHIE PITLURG FAULD TEUCHAN
(4 308] [8a2 348) s x82] [0 3055 [ 48] 49418 1677 397

[o 337)
-'i I.I‘.-"'n.
'r‘ -
i

: 0 ] y

; G e 3
| o piagy o k
/! ]

r
] v
¥

Depih is matres

S

b

]

e O
B

]

Made ground

Tilbgbrox Grawal Formation

Logie-Buchan Dwilz Group undivided Bellscamphie Till Formation

Kippet Hills Send and Gravel Formation Barryboy Poat Bed

AuchBauchrias Sand and Gravel Formation Camp Fauld Till Farmation

Hattan Till Fermation D Aldie Till Farmation

Bearnia Till Mernbsar / Bedrack

Pitlurg Till Formation

BUELNN

(Figure A1.20) Schematic logs and correlations in the Ellon area (after Hall and Jarvis, 1995).



VWhitefields
sand pit

u_

Kippet Hills Sand and
Grawsl Farmaticn (KHSG)
Gilaciolacustring deposts af
Lighe Clay Faemation fLIC)

HamanTIE Ferrnation avarkying
KHSG and UC locally

D Delradion bedrock
= Road

]

—+—+—+ Exker ridge
T Kemiehose
T Sand and gravel working

o) Bonahals with BES regi q I

For clotailed logs
amn Marrit [1981)
= ] Trial pit with BGS registered number

#* Exposure with BGS registersd number

(Figure Al1.21) Quaternary deposits and landforms of the Kippet Hills area.



Guaternary deposits around Mill of Dyce quarmy

e
i

WWorkand grossed at Mil of

hpos: P [ 15}
0 Wiieriact glacallass
z-f.f"d bk o il é T s
| F B Hevepoml gylasailipeal drampan
s Teoll i il il s i
i g Troeag
§ - L] 2 |:| Ta
3
e e
amas Back leature of levace — haciad drserage cha sl
a Barmhole | .
i dEe A Palbvry
= Fraipk 3 f' ""'"m
a1 i A
™ Bapoaus | Crofts (1-9E) oy wﬁjﬂ“ -
b Schematic relationships of lithofacies associations
and their intarprated palasosnvircnmants
(LY ]
fr————, {Lannaline menapd weerenisl
LFA 4 —— e
o proirnal gy T
l.uwap.m.u:‘: -
- L I
b == L4 ¥ | uRA 7
Lw pravrni] degencti | AProd bakied sutwaibd
|
____________ o —
A -
et Botiomaetl P
¢ Schematic recanstruction of enrdy
daglaciavion of the lower Don Valley

Teyragin s dmvamge

T

= e bt el

(Figure A1.22) Mill of Dyce sand and gravel quarry and the deglaciation of the lower Don valley.

lce sheat

—

Hanging ice margin lcebergs

Supraglacial dehrie

B
Berg-dump 4
Dropstone <% greunding

Basal mali-out tlil

Esker delta facies

(1} Praximal lacusirine
facies Uhstal
(2 lacustrine
facies
(3

(Figure A1.23) A palaeoenvironmental model of the Strabathie subaqueous esker-delta (after Thomas, 1984).



Pebbily silt and clay Sand and gravel Diamicton

(Figure A1.24) Iceberg dump and grounding structures at Strabathie (after Thomas, 1984). a—d dump structures; e
grounding structure



PITS BOREHOLES
A

r < Y L Y
Auton and Infarmation from
Altken [1991) Crofts (1986) Maizels and Gunson [1986)
1 2 NJ 81 NW 3 1 2
u raag
L
=
-4
E
£
O 4 —
E gl

Key
:l SoiliAlluvium

|:| Sand and gravel
- Crganic silt
.

- Inorganic silt
[ ] taminated sin

& P 1 {Aitken, 15311 Borehole 2
b P2 Adthen, 18]

€ Borehole 1

d MU B NW 3 [Auton snd Ceofts, 1986)

(Figure A1.25) Lithostratigraphy at the Nether Daugh site.

Haiul 1 Bog Myrile

Juinipar
bl
Graases
Heathers
Droscius
o
Assemblege
Bon

g
Birch

8.8 z8:

{ = =

11111111

—r—r—r—r—r— (e ——— p———
W M W0 0 WD M0 30 I 0 W W 3 & 0 M0 H m
Ne. ef graina 16 por c®

L
]

&

8
]
e e By

I3
|
i o

Sedimant ype
et [ Jsene [ s [ oty [ muwientrich mud and silty pest igytija)

(Figure A1.26) Absolute pollen diagram of selected taxa from Rothens (after Aitken, 1991).



3E MW

L] Hm
| —— |
T o pr ]
and herionial scakes

O s L e T T
S VR e e e e A e

[
—_———— e

Foreshore
o . Lot Drumilithie Sand and Grawvel Formation interbedded
Drumlithie Sand and Gravel Formation m with deposits of the ?Tulloa Clay Member
D Mill of Farast Till Farmation D Dumped matarial cbacuring section
[:I Migg Till Member D Granite gneiss, locally weathered

Mess Sand and Gravel Membar

(Figure A1.27) Stratigraphical relationships of deposits at the Nigg Bay cliff section in 1977—=80 (not to scale and partially
schematic).

a Drift geclogy around Loch of Park

Basin peat and
lacustrine alluvium

Glaciofluvial sand and gravel

Morainic deposits

Till

Crathes granoedione

Sampl ing logality
Moraine ridge
leg-moulded bedrock ridge

Glacial drainage channal

b Pollen diagram from Loch of Park boreholes (after Vasari, 1977)

y: § i bl

HEL 416 Lo v
10 280+

m

HEL - 417 .

11960+ C P, - o P e

= a8

ol = S g

i M M L N i o S S '
a @ | g }a o ¥ & = o me = 3 0 o 00 Mo Kasn M “w

Hreea Shruta Hartm Heathess
EradsE

I Raciccartom eamp s with uncomsctsd radocarkon sgs snd laboratory numbse I Clapsbeal Lae-ghislal and ol posns polsn sones

. Clay . Clayey organet mud . Holientaich mud and wity sl igyital

(Figure A1.28) Loch of Park locality, near Banchory.



a Balnakettla section |[NO 618 757]
ERE .. .
=2 '}5{-':"-'-{- ﬁj
Viitical =
exaggeration

o]
AN

R

o

-5

-4

-3

-2

MEARNS DRIFT GROUF

A

L ]
sk aad clsy

Ml wie betgnaen 0
vty poe ORE clovn

L T
with alwssstiret CHE ilasts

EAST GRAMPIAN DRIFT GROUP
Msdutnta i dart yelowict
Ieirvers sasaly S0 weiths Fove
GRS clasts

nl Ghrgr Byl plane, commany lred
st Dwprmarmoldwed 1. lay
Y [T ————

Clast Tabwic rose diagram

i e 401wy o Vemicr e Mmool
DRSS lmis [T LR A Y
Maotras
] 1 ] [ 1 10 1 14 1 1§ m b b ]
1 i 1 1 L 1 1 1 1 L 1 1 1 1
b Deformation structures a1 Balnakettle
ILowB! NEFTHEDmENE DROPSCHan)
Thrl Wl plafa

= Al e ol okl
Pole i the i sssar plane

Pt v aosall i v o Tkl

(Figure A1.29) Stratigraphy and structure of the Quaternary sediments at Balnakettle.



s T 8 \
s e A N
/I’ I’-‘.f \ |
! !
\ i
"«.\ llf.lf
% 1507

Drumlithie

-

- '-- e
-ssﬂx ‘\ Knuckhlll Wood

I{nﬂck H|II
s {%1_31_,,#-*’
T !
Mains of w\
Mondynes }f{

==

|
. Site of interstadial
deposits

Road .

T Bervie Water

Village

Farm

H++++  Railway

Track Contours in metres

(Figure A1.30) Location of Knockhill Wood site.

Sampled and logged Tapering
Red-brown, section vartical Fragmented
crack

clayey diamicton peat

Red-brown
ouldery till

a0

05

1.0m

B Fibrous peat

[] silty peat

[] silty sand

B Laminated elayey silt

(Figure A1.31) Sketch transect of the Knockhill Wood exposure showing the relationship between the organic and

glacigenic sediments.




KNOCKHILL WOOD SECTION, GLENBERVIE
[ND 7657 8012)

Surface lavel: 112.38m

— 0
A
- 0.2
Ba B -
[20-25 cm) l]
- 04
%5
o
B-10 L 06
[60-65) 0 wi
D «2 [ 0
E
g;c;ama F #2 10
LI
G
H = 1.2m
| [
J

[] Flant macrofossil sample l “C dating semples  * Pollen sample

Red-brown clayey Laminated
diamision clayey silt . Fibrous peat
i Red-brown bouldery
D Slity pesat D Silty sand prapEntrid

(Figure A1.32) Graphic log of the organic sequence at Knockhill Wood.



Metres 0.0,
T —

sw

10 —

100 —" _ Feldspar-phyric *

. andesite .
bedrock + ~+

+

4

x2 vertical

exaggeration

NE

— — Slip plane

+ * o+ + - *
- i - Ll - £l - £l
% [ | I 1 | | T I I | I I | I |
0 20 40 60 B0 100 120 140
metres
Red-brown Terraced glaciofluvial Organic Floodplain
diamicton sand and gravel sediments alluvium

(Figure A1.33) Postulated form of the landslip Knockhill Wood.




Localivas A-F describad
by Camplill {TR3aF

Epninne LN Henzoenal scsle of map

WVertical scule of sactons W BEP4 E
0

*Gravelty Unit’ of Dertaim

—&m
Drumbitn Sanc and
o g i Pl Clay Farmatkan with lenies
g Dewewl Remincion f Burn of Beehotm Prat Bed

i M1 5! et Banholm Clay Formaton
TH| Formesen wWit® le=ses of grevel

Ramls Graeal L] Claw-fabfie masiuhemes?

Tarmaton -B"""""'“lll #  on LI of Foresn il

(Figure A1.34) Excavations and measured sections at the Burn of Benholm.



L L]

—
r'<l1|“:.:I HE

B0 B
Inaan a1 : ; MORAY FIRTH o Frosortucgh
il N gonlt D Mocd:
| & | e PRt | _.'r
& b
3 h
& A
i_-"\ Y
__‘_’ bl \'L-u-
%
C e o g <
MORAY ¢ % // '
s ABERDEEMSHIRE /
1 5”//7 %/
5/
. ,I 7 fl
o T Vg . P et e A A =
/ = F
i i e !
. LA S R
Abprdes 1
A
7 7 i
y s e 0
HO o Banchryy] _"' ' / : O
ViR 8 "// e
: Strlu:'hmI ol
" X IMAR 149 .
| e - i | Auehanbise i -
= ~ I Catarfina) |
I [ il NORTH SEA
AMGUS
I:I Suwa covered by full sssessmuent
% Airea covered by sumimary assessment
-8 pann e Mimeral Assessment Aeport number 1 Mortrosa l;.l I:I'.tm T
— — — Resource shoot boundary 3
————  Beandasy of sdminieration ares
i I i i

(Figure A2.1) Sketch map showing the location of published sand and gravel resource assessment sheets and

administrative areas in north-east Scotland.




BULCKIE

E éle

) 5
| | >
- | Gemnile, migmatie and pegmatits

g Minky graimite, quatsite snd sl quists with o
= fagall, ared dursbile gemipeli

1 Grougps | and I urdheded
I:I  Gabbra, dorie, dolerics,

wernipml Ris g
- v Porpny, belsite, fine ssrcstons

i

R
= _ ¥ Lmesionn, caicarecus diteiano

o Men-durables’: hashy waatharad
rock Bypssa, holinkl, phodit, alste
Mates

= L Fil-disprams pomy g vy weigh
watalled tabuiatod dads are publishad in tha
resg Wtinersl s Reparts
2. Many ple<Sage e repd el e mated dals 0 18 km
| S

[ 1 I 1 I 1 1 il
(Figure A2.2) Composition of workable gravel deposits between Elgin and Aberdeen.

C A e ! 2]

\Tw

m_
)
L. a0
BIW
= STONEHANVEN =
‘L../""H"\-
B -
NORTH SEA
W0k
‘\\uf\\.._,‘ —
- ™
N\ w ) =

(Figure A2.3) Composition of workable gravel deposits south of Aberdeen.



Millmhos'm

=1 1= Tl &b =6

Condusthiy sounding she in 1988 FLANDRAN
#  Ritivity sounding sile 1086 - Macke gioind [T vancsse
oo I ~-
™ g
,_@ Ground probd ng et IGPR) D Alluium
DrowErse in 180 =
sy Extent ol concesled d
- Steep soping valiey sides (e e ond grave - s "
LATE DEVENSMAN
§:10000 SHEET MO B2 NE Glacsotioreisl
& Glacipfivial sand sl and gravel E
- s and gravel jsheet) mf lica-contscs) g
] eciolemite Mz gl al =
I;l-il deposits Ei D Sepats §§
Goophysical
;" . BTy ST D il g D Till “g
e il DALRADIAN
\"\‘E I Mskama-phic bedrnck
" o™ ator roar wrlacg

(Figure A3.1) Houff or Ury area. a Contoured ground conductivity values and location of GPR traverses in the Houff of
Ury area b Geological map of the contact between the East Grampian and Mearns drift groups in the Houff of Ury area,
based on geological mapping, conductivity surveying and ground resistivity soundings



10 50 50 00 000 EIJ;W 10000 0000 100000

1 i

3
Soil 3 L Il ni JI “l-.

od

_ 3 ——

Alluvium i | I g 1 bk ma ma TR

o’

[ gy
Peat 5 1 [ Lan |m
Glaciofluvial 44
sand and gravel | '
1sheelll gd |,|J L 11wl 1
Glaciofluvial sand ——s
and gravel gl: 1 1 1 - |
(ice-contact) .
Glaciolacustring 29
deposits od w1
——1
Till and moundy 33
glacial deposits o3 Ldddhl, |5 un 1
Devanian | n
Ordavician é: [ ]
Weathered L | b= & ol
bedrock od LL . = 11
i —a

Caledonian b camoeds m

ad

- 4
Dalradian 1 I.

|:|_'

10 50 100 500 1000 5000 10000 50000 100000

Imterpreted resistivity olm.m)

* X —— on-1

(Figure A3.2) Frequency distribution of interpreted resistivity values from the Banchory- Stonehaven sand and gravel
resource sheet area (Auton et al., 1988).
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(Plate 4a) Buchan Gravels Formation at Windyhills. a Quartz-quartzite gravel of the Windy Hills Gravel Member at its
type locality (P104101)



(Plate 5a) Flint clasts recovered from the base of the Buchan Ridge Gravel Member in a trial pit on the Moss of Cruden
[NK 0253 4024]. Little-worn flints such as these were either derived directly from a former cover of Chalk in the area or
from a remanié flint deposit. This evidence suggests that the present terrain lies close to the level of the sub-Cenomanian
surface. (a P104122, b P104121).




(Plate 5b) Flint clasts recovered from the base of the Buchan Ridge Gravel Member in a trial pit on the Moss of Cruden
[NK 0253 4024]. Little-worn flints such as these were either derived directly from a former cover of Chalk in the area or
from a remanié flint deposit. This evidence suggests that the present terrain lies close to the level of the sub-Cenomanian

surface. (a P104122, b P104121).

(Plate 8c) Till of the Banffshire Coast Drift Group at Oldmill [NK 0245 4407], showing downward transition from
weathered to unweathered diamicton. (P104106).



(Plate 15) The Kippet Hills Esker looking northwards from Broom Hill [NK 0332 3058], near Collieston. Meikle Loch
occupies a large kettle hole beside the esker, which is capped by red clayey diamicton typical of the Logie-Buchan Drift
Group. The esker merges northwards into an outwash fan at Knapsleask (D2791).

(Plate 17b) Glacial rafts. b Attenuated, fractured and sheared lenses of sand within the Whitehills Glacigenic Formation at
the Boyne Limestone Quarry (P104124).



(Plate 22) Southern face of Kirkhill Quarry [NK 011 528] in 1979 (P528224). The sands and gravels resting on bedrock
belong to the Pitscow Sand and Gravel Formation. The conspicuous pale band at their surface is the podzolic Kirkhill
Palaeosol Bed. Periglacial sediments of the Swineden Sand Bed and the Camphill Gelifluctate Bed succeed this. The
base of the Rottenhill Till Formation is at shoulder level with the figure. It is weathered towards the top (Fernieslack
Palaeosol Bed) and is overlain by the pale coloured Corsend Gelifuctate Bed. The overlying Hythie Till Formation has a
sharp erosional base. Note, the deformation structure affecting sediments beneath the till (above and to the left of the
figure). Approximately 8 m of sediments are exposed.



(Plate 23) Partially glacitectonised, podzolic Teindland Palaeosol Bed below sandy diamicton of the Woodside Diamicton
Formation at Teindland quarry [NJ 297 570]. Luminescence dates of 79 + 6 ka and 67 + 5 ka have recently been
obtained from the sands overlying the palaeosol bed to the left of the scale card. (P104118). Scale bar showing 1 cm
intervals.



(Plate 24) Attenuated rafts of sand and brecciated dark grey pebbly clay within the Whitehills Glacigenic Formation at
Oldmill pit [NK 0243 4389]. Greyish brown diamicton of the Banffshire Coast Drift Group caps the section above a
metre-thick unit of grey, sheared sandy diamicton (a penetrative glacitectonite). The ice that overrode the sequence
flowed towards the left (east-south-east) (P104119).



(Plate 26) Glacitectonised sequence at Balnakettle, north-east of Fettercairn. Till and gravel of the Mearns Drift Group
are tectonically intercalated with older (pre- Late Devensian) head gravel composed of angular clasts derived from local
Dalradian pelitic and semipelitic bedrock. The top of the tectonised sequence is truncated by a till of the East Grampians
Drift Group, formed during a local re-advance (P100707).



(Plate 27) Sheared lens of the Burn of Benholm Peat Bed within olive grey shelly clay and diamicton (Benholm Clay
Formation) in trial pit BBP4, at the Burn of Benholm site north of Johnshaven (Appendix A, 26). The shelly deposits are
overlain by red-brown diamicton of the Mill of Forest Till Formation (D4879).
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(Table 1) Summary of events preserved in the marine and onshore records in and around north-east Scotland (after

Holmes, 1977).
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(Table 7) Correlation of lithostratigraphical units in north-east Scotland.
Sl Lond reference Labaratory numbser .-'agr (years By D] maierial Keference
amil serting
Hothes cotting M) 277 a8 Bein bl 11110+ T peat under cemobibized il Appendic 1
Camral Hill, Reith NJ 444 551 (104 10 808 + TR peat under remaohilized till Codwan and Willis { 1955
Carral Hill, Keith NJ 444 521 Q103 11098 ¢ 235 peil undder vernobilized il Codhwin and Willis {19559
Crrrnl Hil, Eeith NJ 114 BE1 2102 11 308 + 246 pent under remohilised till Codvwin and Willis {1950,
Carral Hill, Reith NJ 444 551 m 11 888 + 225 peat under remaohilized till Codwin and Willis {1954}
Caaval Hill, Keilly MJ 44 521 Q100 11 358+ 200 peeitd zniber vennabilised Gl Coelwing e Willis | 1955
‘Woodhead, Fyvie N] 738 354 SRR17I5 I 780 + 5O peat under remobilized il Connell and Hall (1987)
Hrwwer off Ryth M] A2 KT SRR-REN 11320 peat heneath gravel Hiall wt al. (1595}
Moss side, Torves hﬂ'ﬂ:&i I8 [ G0E0 12 200+ 170 peat under remolilised il C]npl:.ertnrl and Sugd.en {!'D']"T}
Loch of Park NG 772688 ITEL-416 10 250 + 220 kettlehole infill Vasari and Vasari | 1968}
Lesch of Park HEL-417 11 900+ 360 kettlebole infill Vaszard ansd Vasari 1963}
Ml of Diyce N 8712 1406 SRR 762 11 BERO ¢+ &3 ketdebole infill Harkness and Wilson {19705
Mill of Dyce hIETRESE AL SHR-THE 11 el 1 Tk kettlehole infill Harkmess and Wilsom { 197435
Clentbervie WO TET &1 CX-1472% 12 450+ 150 peat under remobilised till Appendix 1
Clenbervie N 7T 201 SRE-3687a (humic) 12 305+ B0 peat under remohilized till  Appendix 1
Clenbemvie Mk TET B4 SRR-268Th (haminy 12 340+ 50 peat under remobilised il Appendix 1
Exinsgieslaill Fanin N TA50 TS SRR-547 12 3801 100 peul vzeler venobilizad Gl Avlon el ul, (20000
Roahens M) G838 171 SRR-5805 T 630 + 100 kettlehole infill Appendix 1
Bothcoms M] a3 171 SRR-Z804 11 640 160 ketdehole infill Appendix 1
Enithems W] AAR 171 SRE-ZAOE 11 761+ 140 ketlehnle infill Appendiv 1

(Table 8) Radiocarbon dates from Late-glacial sites in the district.
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Crofts, RG RGC
Dunean, 1G [CD
Edwards, LT LTE
Fettes, ] DJF
Fleteher, TP TPF
Colledge, N NG
Gould, D DG
Grant-Wilson, J5 JSGW
Harris, AL ALH
Highton, A AJH
Hinxman, LW LWH
Horne,] IH
Irvine, DR DRI
Eneller, BC BCK
Leslie, AG AGL
Linn, ] JL
May, F M
McCourt, W] WIn
MecLean, F FM
Mendum, JE JTEM
Merrite, W Wi
Munro, M MM
Murdoch, WM Wi
Peacock, |D JoP
Read, HH HHE
Redwoad, 5D SDR
Rass, DL DLRE
Skae, HM HMS
Smith, CG CGS
Stephenson, D D5
Thomas, CW CWT

(Table 9) Geological surveyors.



Sheet No MName Scale of Survey Surveyor Date
G7 Stonshaven 1:10 560 DRI 187582
1:10 560 GE 159395
1:10 R&0 R 1513-M
1:10 000 CAA, 5C, RGC, 1984-95
DG, WM, CWT
GGE Banchory 1:63 380 HMs IETR-82
1:10 560 DRI 157882
1:10 560 GE 180395
1:10 000 CAASC, RCGC, DG, AJH  1984-04
O5E Baniff 1:10 560 JH, JSCW 18798
1:10 560 HHE 1918
1:10 000 DR 1987
1:10 000 TFF 199396
BSE Turriff 1:10 560 TH, I5GW, LwH 188084
110 360 HHRE 191719
1:00 000 Wik, AGL, MM 197881
1:00 000 DG, CWT 198802
aEW Parszoy 1: 10 560 JH 1BB0-82
1:10 560 HHE 1916-18
100000, 1: 10 550 TPF. DG, JRM.SDR, DS 198789, 1909607
05 Figin 1:10 560 L. JSCW 187780
1:10 5604 1: 10 000 NGE, ALH, FM, JDP 1961-63
a5 Hurzly 163 360/1:10 560 JH, J5GW, LWH 188054
1:10 560 HHE 191719
a7 Frascrburgh 1263 3601 10 560 JSCW IETO 80
1:00 560/ 1; 10 000 DJF, [RM, JDF, CG5, CWT 1981
BTW Ellen 1:10 360 ISGW, DRI 1880-8]
1:10 560 HHE 1930
100 00041 10 560 WaA, IGD, LTE, BDE, 1980s
AFL MM
1:00 000 DLE 1977-78
1:00 000 WM 1995
77 Aberdeen 1:10 560 DRI, [SCW 188082
1200 000 FM, WhM 1972-77
12000 00 CAM, RGC, NG, W, 13RS - 200
DLE, CGSs
BTE Peterhead 1:10 560 JSCW 18B0-8]
1:10 560/1: 10 000 DJF, JEM, JDE. CGS 1981
1:10 000 DLE, WiM 197678
1:10 000 WM 1985
TGE Irwerurie 1:63 360/ 1: 10 560 DRI, HMS, GB 1BT9-95
1:00 000 CAA, DG, ATH, WM 1485596
DLE, CGS

(Table 10) Survey history of geological maps.




Geological sheet  Number of

boreholes
95 Elgin 796
96W Portsoy 28
96 FE Banff 63

97 Fraserburgh 138

86E Turriff 11
87W Ellon 298
87E Peterhead 641
76E Inverurie 474
77 Aberdeen 1805
66F Banchory 554

67 Stonehaven 686

(Table 11) Number of boreholes on each geological sheet.



Site Site name Site characteristios and signilicance

number

1 Teindland Long sequence; 4 tills; Inswichian palaecsol; luminescence dated sand

2 Boviie Limestone Chiarmy Mesorcic rafis; glacitectonites; 3 tlk one shelly;
Whitc hills Glacigenic Formation with OIS 2/3 shells

3 Castle Hill, Gardenstown Mesozcic rafts; glacitectonites; 3 tills one shelly;
White hills Glacigenic Formation with OIS 273 shells; capped by glaciolacustrine
Kirkburn Silt Formation

4 Ring Edward Rafted OIS 3/4 shelly deposits

5 Crosshrae Farm, Turnff Early Devencian peat bed; geliffuctates

G Howe of Byth Cuarry Windermere Interstadial pear; O18 2 dll; OIS 2 gravel (lumingscence dated))

7 Rirkhill and Leys quarrics Longest sequence in region; 2 palacosols; 5 gelifluctate beds; three 100 ka cveles
represented {3 iills}

8 Ol pat Mesorcic rafts; glacitectonites; 2 tills, old gravel

q Plitlesrths valley Estuarine deposits and peat; Holocene sea level change

14 Ugie valley Glacial Lake Ugie and possible mid O15 2 readvance; mindra polygons

11 St Fergus Eaised (15 2 glaciomarine salis and late readhvance; tundra polygons

12 Landford Bay Logie-Buchan Drift Group deformation rills and clays on ‘local’ till with sparse
Morwegian erratics

13 Windy Hills Neogene quanzite gravels; tills and gelifluctates; GPR traverse

14 Moss of Cruden Devonian Smallburn Sandstone Formation outlier
Lowwer Cretaceous Moreseat Sandstone Formation cutlier
Neogene Buchan Ridge flint/ quartzite gravels
Camp Fauld; Early Devensian peat bed, 2 tills

15 Ellon {Bellscamgphie) ‘indiga’ shelly tll; leng sequence with 4 tills

15 Rippet Hille { Skains} Ezker; Legie-Buchan Drift Group; carly Pleistocene shells

17 Errollston Clay Pit Logie-Buchan Drift Group deformation tlls and clavs

18 Mill of Dyee pat Deglaciation of lower Don valley; deltate sequence

17 Strabathie, Bridge of Don Deeltaic sequence formed during parting of ice streams

20 Mether Daugh, Kiniore Meander infill; late Holocene envitonmental change

21 Rothens, Monymusk Rettle hole infill: Lateglacial sequence

22 Migg Bav, Aberdeen Long sequence inchiding eleme nts of four dialt groaps

1.3 Loch of Park, Banchory Late-glacial to Holocene pollen sequence

a4 Balnakettls, Fettercairn Tectonised sequence; late readhvance of Exst Grampian e

25 Enockhill, Glenbervie Windermere Interstadial peat bed under landslipped till

2% Burn of Benholm Bed till on Early Devensian peat on shelly diamicton

(Table A1.1) Sites described in Appendix 1.

Tlmit Name proposed i this publication Original pame in Hall et al. {195%5a) Depositional environment 015
9 Waterworks Till Formation® Waterworks Till Glacial 2
- Todthesd Till Fermation®™ Todthead Tall Glacial 5
Fi Altonside Till Formation? Alvonside Till Glacial [
FF II"erH:IIItH-IIEE n;l:ull'l.‘ll:lﬂ:ll F'::Iﬂ'l'l:ltlDl'l.' T'.'.iﬂ:ld]ill'l.l‘l T:I“ I:“ml:l.!:tl.l IL
3 Badentinian Sand Bed” Teindland Upper Sand Lacustrine 7 4/ 5a
4 Teindland Palacaszol Bed” Teindland Buried Soil Soil formed late in inter 5e
glacial period
k] Orbliston Sand Bed® Teindland Lower Sand Gilactofluvial 4]
2 Deanshillock CGravel Fonpation® Teindland Gravel Glaciofluvial G
1 Reel Burn Till Formation® Red Baren Till Glacial i
*  Canmeal Gramrwn Dar Grour
1  Ramsssaes Cousr Dot Geoars
(Table A1.2) Lithostratigraphy of the Teindland area.
Unit Lithostratigraphical unit Lithology Thickness
m
5 Kirk Burn 5ilt Formation” Glaciolacustrine silts and clay >»14
4 Crovie Till Formation® Reddish brown ull (-0.8
3 Whitehills Glacigenic Formation” Silt, sand and grey clayey diamiction <18.0
2 Pishlinn Burn Gravel Bed? Gravel, cobbly towards base <15
1 Old Red Sandstone Red sandstone =10

¥ Banffshire Coast Dnft Group
+ East Grampian Drift Group

(Table A1.3) The lithostratigraphy at Castle Hill, Gardenstown.




Modern Name”™ Jamieson (1865) Gardenstown /Gamrie King Edward
Antalis emdalis Dentealivm entalis ® X
Ameaurofpsis islandica Natiea islandica ® X
Aporrhais pes-pefican Aporrhais pes-pelicant ®
Boreotroffon clathratus Trophon clathratus ® ®
B. datlhratis var. gunner T, dlathratus var gunneri X X
B truncatus Trophon truncalus X X
Bueeinmum undatum Bucecinum undatum ®

Colus gracilis | Fusus fropinguus b X
. homser ]

Epitorium greenlandicum Sealaria groenlandica X
Lacuna vincta Lacuna divaricala ® 1
Oerapeia fyramidalis Mangelia fyramidalis X X
O, turricula Mangelia turncula X X
FPolinices naws Natica marochiensis X
P pallida Natica pallida X X
Tectonatica dlawsa Natica affinis X X
Tachyrlyneus reticulata Mesalta reficulaia X
Turritella communs Trerritelle r:rtg::ﬂm x
Tectura virginea Tectura virgined X

Acarthocardia echinala Crardinm eclhinaia ® ®
Amnomin ephippivm Amneonia ephifpiwm %

Arctice islandica Cyprivea isdandica x X
Macome balthica Tellinea balthice % X
M. salearea T, prowima X X
Mya truncata Mya truncata X
Miytilus edulis Miytilus edulis X

Serripes provnlandicus Ceardium groenlandicim X X
Spisula elliptica Mactra solida var. efiptica ®

Tridorita borealis Astarte borealis x %
T, montagui Astarte comprressa X

Yoldia limeatula Leda limatula X
Yoldiella fucida Leda fucida X
Zirhaea crispata Phaolas erispata ® ®

¥ Foranthors of species see Lubinsky (1930); Macpherson (1971) and Smath and

Heppell (1991)

1t The bivalve Timecka ovata has been reported from Gardenstown fGam rie
{Peacock i Sutherland 1993k},

(Table A1.4) Mollusca from shelly deposits of the Whitehills Glacigenic Formation.




New name

Old name

Age

Peat (unnamed)

Todholes Gravel Bed”
Thinfolds Peat Bed®
Auchmedden Gravel

T -
Formation

Byth Till Formationt

Howe of Byth

Gravel Formation®

Peat (un-named)

Todholes Gravels

Byth Peat

Auchmedden Gravels

Byth Till

Byth Gravels

OIS 1

Loch Lomond
Stadial

Windermere
Interstadial

OIS 2

OIS 2

OIS 3>

*  Banffshire Coast Drift Group
t East Grampian Drift Group

(Table A1.5) Lithostratigraphy at the Howe of Byth.




Unit Deposit as originally named New names OIs
16 Kirkhill Gelifluctate 5 Manse Gelifluctate Bed” 2
15 Kirkhill Upper Sands Kirkhill Church Sand Formation”™ 2
14 East Leys Till East Leys Till Formation™ 2
13 Kirkhill Upper Till Hythie Till Formation! 2
12 Corse Diamicton Corse Diamicton Formation® 27
11 Kirkhill Gelifluctare 4 Corsend Gelifluctate Bed? 47
10 Kirkhill Upper Buried Soil Fernieslack Palacosol Bed! Se
9 Kirkhill Lower Till Rottenhill Till Formation! 67
8 Leys Upper Sands and Gravels West Leys Sand and Gravel Formationt 67
7 Kirkhill Gelifluctate 2/5 Camphill Celifluciate Bed? i
6 Kirkhill Organic Muds and Sands Swineden Sand Bed! 67
5 Kirkhill Lower Buried Soil Rirkhill Palacoscl Bedf 7r
4 Kirkhill Lower Sands and Gravels Pitscow Sand and Gravel Formation? 8y
3 Kirkhill Gelifluctare 1 Kirkton Gelifluctate Bed?® 87
2 Leys Lower Gravels Denend Gravel Formation® ar
1 Leys Till Leys Till Formationt 8

*

1.

Banffshire Coast Drift Croup
East Crampian Drift Group

(Table A1.6) Lithostratigraphical units at Kirkhill and Leys Quarries.




Altitude (metres

0D} of sample at Age Laboratory
Location Details of sample contact with (MCyears  number
minerogenic layer  BP)

Philerth Bottom 2 cm of peat above  1.48 5700 + 90 SER-1660

Home Farm micaceous sandy silt

Philorth Top 2 cm of peat below (.52 G300 + 60 SRE-1661

Haome Farm micaceous sandy silt

Milltown Bottom 2 cm of peat above 181 5140 + 60 SER-1686
micaceous sandy silt

Milltown Top 2 em of peat below 1.11 G095 + 75 SRR-1687
micaceous sandy silt

Mains of Philorth  Top 1 cm of peat below 259 4760 + 60 SRE-1855
brown silty clay

Mainz of Philorth  Bottom 2 cm of peat above 151 6150 + 250  SRR-1656
grey sand

Mains of Philorth  Top 2 cm of peat below 1.47 6885 + 90 SRR-1657
grey sand

Mainz of Philorth  Bottom 2 cm of peat above  1.40 T510+ 120 SRR-1658
grey sand

Mains of Philorth  Top 2 cm of peat below 1.54 5465 + 05 SRR-165%
grey sand

(Table Al1.7) Radiocarbon dates from sites in the Philorth valley (after Smit.

Unit  Deposit as originally named Mew names Ape

] Aldie Till Aldie Till Formation* Ols47¢

5 Periglacial slope deposit Hardslacks Gelifluctate Bed? Ol54r

4 Sand and gravel Un-named sand and gravelf

3 Camp Fauld Peat B Berryley Peat Bed?t Ol8 5aore

Camp Fauld Peat A
2 Brown sand with sparse quartzite clasts Moreseat Farm Sand Bed! olsa?
1 Camp Fauld Till Camp Fauld Till Formation® OIS67

Banffshire Coast Croup
t  East Crampian Doift Group

(Table A1.8) Lithostratigraphy at Camp Fauld.




Lithostratigraphical unit Lithology Thickness Age
m
F  Hatton Till Formation™ Red (10R 4/6) calcareous clayey silty 1-2.8 0182
diamicton, locally interbedded with
Unit E
E Kippet Hills Sand and Pinkish grey sand and gravel with up to 5.0 ols2
Gravel Formation” dolomite and caleareous mudstone
clasts, and shell fragments
D Bearnie Till Member Dark grey sandy diamicton with clasts up to 2.7 o2y
of Hythie Till Formation?  of local provenance and material
reworked from Unit €
C  Pitlurg Till Formation® Very dark grey to dark grey (V.5YR N3)  upto 7.0 OI527
slightly calcareous clayey silty diamicton in part
with Jurassic clasts and fossils OlS67?
B Tillvbrex Gravel Weathered gravel with clasts of upto 1l =567
Formation® psammite and flint
A Bellscamphie Till Strong brown (7.5YR 5./4) up to 2.1 =0IS6 7
Formation® non-calcareous, sandy silt matrix
diamicton

*  Logie-Buchan Droift Croup
1 East Grampian Dnft Group
1 Banffshire Coast Drift Croup

(Table A1.9) Lithostratigraphy in the vicinity of Ellon, Leask and Slains.




horizontal lamination
mn sl

bedding}; towards
0407 {chugh
cross-bedding)

Lithofacies  Main sediment types Stratification Palaeocurrent Other
Association directions structures
{LFA)
5 Medium- to coarse- Smallscale planar ~ ~
grained sand with cross-hedding
scattered pebhbles
4 Mixture of dismicton, Crude bedding in - Chaotic upright
houlders, gravel, sand diamicton and open folds,
and sile boulder gravel, slumps and
r!PPll"_‘.S and cross- normal faults
bedding in sand,
pebble and cobble
stringers
k] Poorly sorted matrix- Crude, discontinuons Towards 066° Vestigial folds
rich boulder gravel, bedding with cobble {imbrication in
pods of open-work and pebble lags, open-work gravel
gravel, minor sand minor planar, ripple
lenses ane trough
cross-bedding in sandy
umnits
2 Poorly sorted matrix- Crude, some Towards 1197 Possible frost-
rich gravel; suberdinate  horizental bedding, {gravel wedges; steep,
interbeds and lenses of  erosional basesin imbrication) tight to open
sand, open-work gravel  matrix-rich gravel; folds in gravel
imhbrication in (dips up to 80°)
open-work gravel
1 Fine- to medium- Planar eross-bedding, Tewards 000° -
grained sand; minor climbing ripples, and 100°
silt horizontal b:dliing, {c]imbing ri]:g:rlca,‘l;
large-scale trough towards] 52°
cross-hedding; (planar cross-

(Table A1.10) Lithofacies associations at Mill of Dyce Pit.

Facies

Description

[ ]

Esker delta

Proximal lacustrine

Distal lacustrine

Diamicton

Wide range of coarse-grained sediments with rapid vertical and
lateral variations. Deposits include cross- and planarlaminated
sand, pebbly sand, and clast-supported pebble, cobble and
boulder gravel, all intercalated with lenses and wedges of
diamicton

Laminated silt, crossstratified and massive sand; fine-
grained gravel occurring down-dip of Facies 1

Laminated and massive clay, silt and sand, interstratified with
thin, rhythmic alternations of clay and silt, or silt and sand
{passing with transitional contact south westwards into

Facies 2)

Massive, stony, red-brown diamicton with significant
proportions of silt and clay, locally capping the proximal
lacustrine facies

(Table A1.11) Sedimentary facies at Strabathie (after Thomas,1984).




Percentage total dry land pollen

Pit 1 Pit 2
Betula 15.4 13.2
Pirus 1.1 1.8
Quercus 0.6 0.9
Alnus 14.3 1.0
Corylus/Myrica 12.0 11.0
Salix 2.3 1.5
Gramineae 26.3 304
Cyperacea 15.6 26.0
Ericales 9.4 6.4
Caryophyllaceae 0.6 13
Epilobium 1.1
Umbelliferae 0.6
Polypodium 0.6 0.4
Sphagnum h.2 0.8
Filicales 3.1 3.4

(Table A1.12) Pollen count from the Nether Daugh Pits.
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(Table A1.13) Coleoptera from Nether Daugh (Pit 2).

Migeg unit  Member Formation Drift Group

5 Tullos Clay Ugie Clay Logie-Buchan

4 Mmumlithie Sand and Gravel Mearns

3 Mill of Forest Till Mearns

2 Nigg Till Banchory Till East Grampian
Kingswells Till Banchory Till East Grampian
Den Burn Till Banchory Till East Grampian

1 MNess Sand and Gravel Lochton Sand and Gravel East Grampian

Anderson Dirive Diamicton Banffzhire Coast

(Table A1.14) Lithostratigraphy at Nigg Bay and in the vicinity of Aberdeen.



Ulnit Lithology Description Thickness Depth
(m} {m)
A Landslipped till  Diamicton, stiff, clayey, slightly sandy; 0,25 0.25
moderate reddish brown, “flecked’ with
red. Clasts angular to subangular, gravel
meluding decomposed andesite. Slightly
irregular gradational base
B Clayey silt Clayey silt, with sand laminae and thin 0.05 0.350
wisps of peat. Light olive-grey to pale
reddish brown, Sharp planar base
C Fibrous peat Peat, fibrous, compaet, with pronounced (.51 0.81
colour banding on freshly exposed face.
Colour ranges from moderate yellowish
brown, through dusky vellowish brown to
black. Slightly irregular base
b Clayey silt Clayey silt, micaceous, with fine sand and .07 0.88
some peat fragments. Dark yellowish brown
to moderate grevish red, Uneven base
E Fibrous peat Peat, fibrous, dark yellowish brown to 0.10 0.98
dusky yellowish brown
F Silty peat Peat, silty, laminated, moderate grey 0.06 104
G Sand Sand, silty and clayey, mednim- to coarse- 016 1.20
grained, grevish red. Some small peat
lenses incorporated towards the base
H Silty peat Peat, silty and clayey, moderate olive-grey 0005 1.25
[ Fibrous peat Peat, fibrous, dark vellowish brown to 0,02 1.27
dusky vellowish brown
i Till Diamicton, firm, sandy and silty, mederate .15+ 1.42
reddish brown. Clasts rounded to well
rounded, large cobbles and boulders
derived from Old Red sandstone
conglomerates
(Table A1.15) Stratigraphy of the Knockhill Wood site.
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(Table A1.16) Outline pollen count from Knockhill Wood.




Lithostratigraphical unit Lithology Typical
thickness (m)
Drumlithie Sand and Rounded cobble gravel up to 1.20
Gravel Formation®
Mill of Forest Till Suff, moderate reddish brown, sandy up to 130
Formation” clayey stony diamicton, containing clasts
derived from the Devonian bedrock of
Strathmore
Burn of Benholm Peat and humic clay as sheared lenses up to 0,15
Peat Bed? in overlying till and underlying clay
Benholm Clay Formation? Stiff, olive=grey, calcareous, silty clay up to 3.00
and clayey diamicton; with well dispersed
clasts and fragments of marine shells,
including Arnctica isardica (L.}, Clasts
include basalt, gneiss, troctolite, limestone
{including chalk), shale, flint and jet, as
well as Lower Old Red Sandstone
lithologies
Birnie Gravel Formation® Moderate brown, clayey gravel up to 3,00
Bedrock Andesite
*  Mearns Drift Group
1+ Logie-Buchan Drift Group
1T East Grampian Drift Group
(Table A1.17) Lithostratigraphy in the vicinity of the Burn of Benholm.
Mineral Assessment Area 1225 00 Trial pits and Resistivity Sampled
Report name, {km?}  resource Boreholes  mamral soundings workings
numhber and date sheets sections
Carmouth (41) [1970] 54 1 57 31 o 5
Peterhead (58} [1081] 953 1 87 19 0 1
Ellon {76} [1981] 343 2 &l 20 0 15
Aberdeen (146) [1986] 660 3 7 72 0 17
Inverurie, Dunecht. 305 2 54 21 43 35
Banchory & Stonehaven
(148) [1938]
Strachan, Auchenblae 274 z 33 5b 22 35
& Catterline (149)
[1990]
Tatal 1987 11 354 207 i3 1%

(Table A2.1) Sand and gravel resource assessment surveys in north-east Scotland: primary data sources.



Test Carmomh Pewerhearl Flinn Aherdesn Invernrie Sirachan Cmhined

Stonehaven Aunchenblae T

MAR 41 MAR 38 MAR T MAR 146 MAR 148 Canerline
Mar 149

Aggregale r 25 Fiwid e 1] 27 24
Teapact Value {11=18)1 [ 1= 5801 {14=51) (29-54) {17=5% {10=51) (11=58)
Aguregate 35 35 52 34
Tpeae t Walue Residue - - - {2042 {2 -52) (26-41) {26-52)
Aggregate 1 . . . 20 - 20
Crushing Value {15=201 {16=24) (15=24)
Amgregate B0 B A0
Crushing Value Besidue - - - - {3d=43) (D=4
Ten percent - 15Ks 170 170 - 150 170
Fines Vahie (S5=2T0) (120280} [ 120=230) (95=240) {S5=T30)
Relative Density 257 250 250 it} 2.55 2.58 2.55
{oven dried basis) (253-260) (2.40-254) (251-2.G3) [2.02-2.62) (201=262) (244-263) {2.44-263)
Belative: Density 200 250 208 2,02 260 2.5 2.60
{marface drisd boasas) 2HT-262)  (251-250)  (258-2.06) [2.56=2.67) (Z56-2648) (253-273) (2.51=-2.73)
Agpparent 245 288 @71 *E7 AT RN w58
Relutive Donsiy (204-2.063)  (2.00-270) (204-2.75) (2.62-2.70) (2.02-237)  (298-2.99) (2.00-2.99)
Water 1.1 21 18 1.5 20 22 1.8
Absarption (%) {0.7-1.6} (1.7-4.4) (| (0.8-145) {1.1-2.49) {059-4.5) (0.7-48)
Inferred Drying 0054 0O71 0,066 056 D070 0.075 0065
Shrinkaget (0= ) (L ORS=077) (OMA=TLOAR) (0.046=0065) (DURI=0088) (LT=T125)  (IL044=0,128)
(concrata) (%)
Measured Drying 048 040 {0565 1951
Shrinkage - - - (0.080-0.054)  (0L040-00085)  (000=000F5)  (0.080-00075)
{concrete)} (%)

Mote: Avoroged resalis these nre listed fully in cach of the six Mincral Asscssment Roporis
Figures  prnenlleses vefer e saoge of tesalis
I & eenphasiaed than the inferred” drving shrinkage whies quated for comerete are obialned

indirectly They are probably anomaloasdy high.

e

(Table A2.2) Summary results of mechanical and physical testing of naturally occurring gravels from north-east Scotland.
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(Front cover) Cover photograph: Crovie Village (D6116). Sandstones and conglomerates of the Lower Devonian Crovie
Group crop out on the foreshore and are down-faulted against Dalradian rocks of the Macduff Slate Formation that form
the headland at the far end of the village. The landslip scar beyond the red telephone box exposes fine-grained deposits
of the Kirk Burn Silt Formation of the Banffshire Coast Drift Group.
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