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AflSTRACT 

The 8tratig~phy, petrography and structure of the Old Red 

Sandstone between the Alness River and the Dornoch Firth have been 

examined in detail. 

The following stratigraphical succession has been recognised: 

Thickness in feet 

R~lna~own Group (Upper Old Red Sandstone) 35CO 

Unconformity 

Strath Rory Groun (l1iddle Old Red Sandstone) 4500 

Unconfomity 

Struie Group' (LO\fer ? Old Red Sandstone) 8000 

The Struie Group, composed of coarse c onglOr.1erates, grey and 

broun flaggy sandstones, siltstones and mudstones, represents the 

distinct "Basement Group" of older strata which lies stratigraphically 

below the fossiliferous I'fiddle Old Red Sandstone of the Highlands. 

It has yielded traces of fish and plants. The marginal conglomerates 

of the Struie Group are probably local accumulations agaizwt a con

temporaneous fault scarp. Overstepped bJr the ~tl.ddle Old Red. Sandstone, 

the Struie Group may be separated from these youneer rocks by an 

unconformity. 

The Stratb Ror.y Group composed of yellow and red sandstones, 

conglomerates and subordinate Shale beds, is ~~rkcdly variable 

towards its base. 



}\Torth South 

Upper Strath Rory Group ma.inly ::red and yellow sandstones 

Louer Strath Rory, Group 
( Dridaig C onelomerate 
( Cruigroy Succession 
( Heild.e D:lan Conglomerate 

Cnoc Fyrish 
Conglomerate 

The Cnoc Fyrish Conglomerate appears to be replaced northwards 

tow~rds Eddcrton by two thinner conglomerates separated by the 

Craigrqy Succession, a sequence of sandstones cont~nine the notable 

Middle Old Sandstone fish-bod at Blackpark. 

The Bg,lna.eolrm Group composed of red and yellow sandstones 

contains Upper Old Red Sandstone fish at Baln~gown Castle. 

The Old Red Sandstone sediments were derived from a western 

sourCe" laree~ from the I'foine Schists. Far-tra.velled Cambrian and 

Torridonian pebbles and Hewer Grenite m'lterial are not uncommon in 

the Cnoc Fyrish Conglomerate, a lenticular deposit Which probably 

marks the entry into the b3.sin of contemporoneolW major streams 

draining the l:cstcr Ross area. 

The Old Red Sandstone rocks are folded in general on axes 

trendine from NoE. to S.U. The Struie Group is interu::ely deformed 

and is cut by thros ting and wrench-faul tine which probably took 

place before the deposition of the Strath Ror,y Group. Tho later, 

less intense, folding of the Strath Rory und BalnagOl.m groups vms 

followed in post Upper Old Red Sandstone times by a change in the 

prevailing stress system. The N.U. - S.E. compression producing 

the major folds gave way to a north-south compression, and sinistral 

wrench-faulting took place along the Great Glen Fault and on parallel 
. .- " 

N.E. - S.U. trending lines within the Old Red Sruldstone. 

.. 
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I. 'INTRODUCTION ' 

The region investigated lies on the western limb of the great 

synoline in the Old Red Sandstone rocks of Easter Ross and the Blaok 

Isle. Its position is shown on Plates 1 and 2. The south-east 

boundar,y is the belt of low groundl oovered b.1 drift and raised beach 

. deposits I whioh extends fran Tain to Alness. The western bOUIrlary 

passes north fran the foot of Strath Rusdale to Easter Fearn. on the 

Dornoch Firth. 

Within this area there are thought to exist representatives of all 

divisions of Old Red Sandstone'sequence as developed in the Moray Firth 

I. 

area, and these sedimentar,y rooks have been the main subjeot of research. 

Moine Sohists, :cut b,y the Ne~Granite of Corriefearnl outorop on the 

western edge of the area, and are separated from the Old Red Sandstone 

by important faults. 

The area is easily acoessible from Inverness b.1 way of A9,through 

Beauly and Dingwa.ll. The"S truie Road" (A836), whioh diverges from 

A9 near Evanton, crosses the western parts in the neighbourhood of, 

Aultnamain, and is to be reoommenied by" reason of its fine viewpoints. 

The former Highland Railway follows the general oourse of A9, through 

Alness, Invergoroon, Tain and . Edderton, on its way north to Bonar 

Bridge. 

The most important centres of population are the small towns of 

Tain, Invergoroon and. Alness •. · . Edderton is' a J small, rather scattered 

village.' The rest of the.population'.is foum.·mostly in the·low.'a*l 

lying tract, on the,'eastern,margin, which is the chief area of agricultural 
-'/ 

land. 
.~t/ 



:1. 

The physical features of the region are shown in Plate 2. Generally 

speaking, the streams rise in the area of schists· and granite and flow 

eastwards over the Old Red Sandstone. The main lines of drainage are: 

(i) Alness River, 

(ii) Balnago"Wll River and Strath Rory. 

(iii) Aldie Yater and River Tain. 

(iv) Burns draining north-eastwards in the drift-filled 
depression between Edderton Hill and Struieo 

East of a line from Ardross to Edderton, the Old Red Sandstone 

dips uniformly E. to S.E. on the western limb of the Black Isle syncline. 

The main valleys are roughly parallel to the direction of the dip, and 

tributaries tend to lie along the strike. The burns draining N.E. into 

the Dornoch Firth appear to have had their courses initiated on a post

glacial drift surface. They cut indifferently through the complicated 

structures of the solid rocks beneath the drift. 

The topography is essentially the same as that which existed at the 

end of the period of glaciation. Post-glacial erosion has merely 

modified it, though the amount of down-cutting is often striking, as 

exemplified in the high boulder-clay scars of the Edderton Burn, the 

Allt Clachach and lower Strath Ror,y, and in rock gorges such as those 

of the Craigroy ani Red Burna. 

West of the Nigg Bay-Loch Eye depression, the Old Red Sandstones 

rise to form the line of smoothly-rounded hills which includes Cnoc 

Corr Guinie (1301 ft.) and Edderton Hill (1054 ft.). South of the Alness 

River, the hills are more abrupt, rising into Cnoe Fyrish (1483 ft.) 

and Cnoc Ceislein (1715 ft.). 



Further west a belt of undulating moorlands at a lower level 

is largely drift-covered. Beyon:1. the Old Red Sandstone boundary, the 

ground rises rapidly into roun:ied, mostly peat-covered, hills of schist 

and granite. Very prominent here is Cnoc Hu19h-bhlaraidh (1792 ft.), 

on the margin of the Corriefearn Granite. 

Marginal Old Red Sandstone conglomerates in the neighbourhood of 

Struie (1218 ft.) ani Struie Hlll (1082 ft.) form a conspicuous 

westward facing scarp overlooking the Dornoch Firth. 



r, II. HISTORY OF RESElRPH - '.'" . ';'~( . 

The first clear statement of the succession of the Old Red 
........... - ,""<- ... 

, ' 

Sandstone rocks in Easter Ros~ is due to Sedgwick and Murchison 
, { 

(1835 p.145), whose conclusions were based on an, examination of the 
, .,. ~.~ ,,' -. r_.· ",' 

area from the Alness River southwards. The succession summarised 

from their descriptions isa 
I j: ... ,' .... 1 '_ 

4. Samstones, of Cromarty Firth a m Black Isle. 
; .. '1'" ~ , .,[, 

3. Conglomerate.s and Pebbly Sandstones (as in th~ AlIt Grant). 

2. Calcareous and bituminous nags, similar to those of 
Gai thness. <',' , 

1. ' Basal Conglomerate.' ,,,.,, 

"Some thin beds of shaJ.e,' containing calcareo-bituminous" " ". 

schist,'not to be' distinguished 'from that' of ' Caithness", are described 

as lying'above~the 'conglomeratic'base of the Old Red Samstone at 

Cromarty, on the opposite side of a great Syncline. From this,' it 

appears that' Sedgwick and Murchison considered the two sets, of ' 

calcareous: and 'bituminous ''beds', those at 'Cromarty, 'am' those south of 

the Alness River~"'to be or comparable age. r 

Hugh Miller (1857'p.373) discussed the 'age of the calcareous and 

bituminous rocks at Strathpeffer,and also concluded that they are 

equivalent to the calcareous shales ("nodule-beds") "of Cromarty. 

In 1861, Joass made 'known the discovery: of -fossil ~fish~'in' the 

Old Red Saridstone near Edderton. Geikie (1879 p.444) quotes him 

as followsa-

"The'fossUs'there occur'in calcareous nodules 1mbedded'-in7"~ 
two bands of red clay interstratified with dark red sandstone, 
on the right bank of the Craigroy Burn, about a mile above 
the bridge on the COilS t road, which is half a mUe from 
Edderton Station." 



Joass, in the original description (1861),"p1aces the fossll locality 

2i miles from the Manse at Edderton, and therefore un:ioubted1y"wa13 

referring to the nodule-bed at Blackpark which has yielded a fauna very 

s1m11ar to that of the Cromarty nodule-beds. Geik1e' s quotation is in 

error, for B1ackpark is over two miles fIOm the bridge on the coast road. 

'Geik1e (1879, p.444) makes reference to' the work of Sedgwick am" ' 

Murchison, generaJ.l.y erxlorsing their conclusions. Their calcareous 

am bituminous 'flags are said "to run northwards also for a long way, 

flanking the great marginal barxlofconglomerate." It is stated that 

these rocks have been detected:at Edderton, and this is followed b.1 

the quotation from Joass, (above)., , The obvious inference here is that 

the fish fossils are from the group of calcareous and bituminous flags 

of, Sedgwick and Murchison, which" therefore could be said' to have the 

same fauna. as the Cranarty nodule-beds. 

The results of field work by Hugh Miller Jun. are published 

in the Geological Survey one-inch Sheets 93 (1912) and 94' (1889), the 

former alone being followed by' an Explanation (Peach et al. 1912). 

The description (pp. 131-9) of the Old Red Sandstone in this Memoir 

was umertaken by' Hinxman, the date of publication being after Miller's 

death. The grouping of the rocks adopted is as fo1lowlu 

4. Yellow samstones, green am red. shales, grey shales with 

nodular limestone bands containing fish remains - Edderton 

and Cromarty Fish Beds. 

3. Red and yellow saoostones 'With scattered pebbles and pebbly 

bands, passing down into conglomerate with intercalations 



of sandstone- Cnoc Fyrish Conglomerate.' 

2. Green and grey shales, nagstones, fetid dark shales and 

calcareous mudstones - equivalent to the Strathpeffer'Fish 

Beds". , . ' 
1. Basal· breccia 'and conglomerate. 

North of the Alness River, the conglomerates of Struie are referred 

to Group 1. Group 2 rocks border these, ar.d where conglomerate is 

absent south of Struie, theY'lie on the. west margin of the Old Red, 

Sandstone outcrop. The rocks 'of Group 2 are faulted to the east, 

against Group 3 near the Alness,River, and against Groupi4 at 

Edderton. 'Groups 3 and 4 are separated on Sheet 93 b,y a hypothetical 

fault just north of the Allt Dearg. The actual base of Group 4 is not 

dra'Wll on Sheet 93, but in the Memoir (p.138) reference is made to the 

presence of the Group in Strath Ror,y. 

Hinxman here differs from Geikie. He definitely assigns the 

fish bed near Edderton to a group stratigraphically higher than the 

bituminous and calcareous nags of Sedgwick and Murchison, which 

constitute his Group 2. 

In the Explanation of one-inch Sheet 83 (Horne et al. 1914, p.59), 

the rocks of the Strathpefferand Conon Bridge area are divided into the 

following groups: 
" . 

7. Red sandstone and shale (Loch Ussie). 

6. Coarse conglomerate (Knock Fa~il). 
I' 

Red Shales, passing upwards into sandstones, thickness 
about 600 ,feet •. , , : ~.':,~. ';';',! ;:.C,~ .,' ' ·l,~":r'-:. 

Olive shales with. sha1ey" fetid: limestone, • thickness 
about 280 feet. ' 

3. Fetid bituminous calcareous shales and thin linestones, 

~, 



about 100 feet (the Spa beds - the probable'equivalent 
of the fish-bed of the Moray Firth). 

2. Olive shales and fetid calcareous bands, thickness from 
800 to 1000 feet (the Ord beds). 

1. Red and yellow sandstones and'conglomerates (basement group). 

The attribution of calcareous and bituminous beds 'below the Knock 

Farril' Conglomerate to the horizon of the fish~beds ,'of Cromarty etc. 

conforms to' the views of Sedgwick and' Murchison, : ~1i1ler' am. Geikie. It 

is clearly opposed to 'the opinion inherent in"the succession'as given b,y 

Him:man in the 'Explanation' of Sheet 93, in which'the fish-beds are 

referred to the uppermost group, and f'urthermore, is 'inconsistent with 

the correlation shown in p.59 of the Explanation of Sheet 83 itself, 

which is as follows: ' 

Sheet' 83' 

SubUvision 7. 
Subdividon 5'and 6. 
Subdivision 2,3 and 4 ' ," 
Subdivision 1. 

" ' 

~ Sheet 93' 

'Group 4 
Group 3. 

~ c' Group 2." 
Group 1. 

Here, the horizons of the nodule-beds of Edderton and Cromarty are 

defini tely placed above the calcareous and bituminous sequence, actually 
• ,.0-" " , 

above the Knock Farril Conglomerate. 
"f, , 

v ). ~ 

In the Explanation of Sheet 93 the whole of the Old Red Sandstone 
.. • • >' • -~~~ >' .",~." .~' ,'~ .: ". 

is referred to the Middle division of the system on the palaeontogical 
" 

basis of the fish faunas of Edderton and Cromarty. It may be noted 
, \ '. ',' "':, .. ,_ .t ,-.~T ~~ :,_ ... ~:: 1&1 " 

that l1urchison (1859 p.394) when establishing the Middle division of 
~ - . - ... ~ . "'~,' -l :",:~. ")" ~ "'1,<' y~ . ~- i: I' \. .~" '\ 

the Old Red Sandstone in Caithness, also referred certain basal 
: .-, ~"',F"'" ~ :". ~ • ..,1'" ,,-.~ ~">, ... ".1>~~f.:·j .. ~ Ll: J t: ',a,. ~\.:..::. ~ ""~ £. ~4'~:" ~,' 

unfossiliferous rocks there to the Lower Old Red Sandstone, although 
\ '. ',;" \:. :>'. 

most later workers have not followed this practice. 



On sheet 94, rocks designated as Upper Old Red Sandstone are shown 

over a cOruliderable ~rea in ·the Tain - Tarbat Ness region. Traquair 

(1896) records Psammosteus taYlori from the red dandstones near Balnagown 

Castle. This species has been shmJn by ~arlo (1961) to be identical ~ 

with P. mega,loptem and is characteristic of the Alves and Whitemire. 

Beds of the Upper Old Red Sandstone south of the Moray Firth. It" 

seems probable, therefore, that the area of Upp~r Old Red Sandstone 

extezxls much further south than is show on one-inch Sheet 94. 

8. 

The geology of the Black Isle and Easter-Ross Syncline is described 

by J. Phemister (1948 p.67) who summarizes the accounts in the available 

Survey Memoirs. In the table on p.68 he illustrates the various 

successiorul, ani clearly places the Cromarty and Edderton nodule-beds well 

above the horizon of the Spa Beds of Strathpeffer. 

Westoll (1951 p.8 and Table II) summarizes the evidence for the 

existence of an unfossiliferous "basement group" below the Middle Old 

Red Sandstone of the North of Scotland, and considers this group to 

be represented on tho west side of the Easter Ross Syncline by those 

beds below the Cnoc Fyrish and Knock Farril Conglomerates. The 

equivalents of the Middle Old Red Sandstone fish-bands of Achanarras 

and Sandwick are usually thought to be the nodule-beds of Edderton, 

Cromarty, Nairnside, etc., but it is pointed out that this nodule-bed 

facies occurs at several levels in the region between the Dornoch and 

Cromarty Firths, and that the Achanarras fauna may therefore be a 

facies fauna. It is, however, probably restricted to a fairly narrow 
\ 

stratigraphical zone. 



Miles and Westoll (1963) have shown that previous records of 

Coccosteus cuspidatus Miller ex Ag. (~Coccosteus decipiens Ag.) from 

the Middle Old Red Sandstone of Caithness include material actually 

referable to a newly-described form Dickosteus threipla.ndi. Q. cuspidatus 

is apparently replaced b,r D. threiplandi above the Achanarras horizon. 

The presence of Q. cuspidattis and the.absence of ll. threiplandi in the 

fish-bed at Blackpark near Edderton (see Appendix 1) therefore support 

correlation with Achanarras. 

'" ,: 

'.' J" '. .~- .... 1" 
"J-. -" >, 



III. MOI1~ SCHISTS 

Psammitic schists occupy most of tre groum immediately west of the 

Old Red Sandstone area between the Alness River and the Dornoch Firth, 

but as shown on Sheet 93 of the one-inch Geological Survey map of 

Scotland, there are also important zones of pelitic schists. Small 

sill - or dyke - like bodies of amphibolite in the schists represent 

basic igneous intrusions which have been regionally metamorphosed. 

The Corriefearn Granite, younger than the Moine metamorphism, cuts 

the schists discordantly. 

(a) Psammitic Schists. 

These are typical Moine granulites. They are made up chieny of 

shapeless quartz grains and a lesser proportion of alkali feldspar. 

The texture is granoblastic. The scattered biotite and muscovite 

flakes have a strong common orientation, showing the direction of 

schistosity. Commonly it appears that the lenticular grains and 

grain-aggregates of feldspar are elongated or flattened parallel to 

the schistosity. The schistosity itself is parallel to the apparent 

bedding of the rocks which dips generally east-south-eastwards. 

The feldspars comprise lamellar-twinned plagioclase (oligoclase), 

microcline, and untwinned alkali feldspars. Microcline is the least 

common in the specimens examined. 

Mica rich layers occur. at frequent intervals. They readily 

weather out to give a characteristic flaggy appearance to outcrops. 

}tlnor constituents of common occurrence are apatite, zircon, 

garnet, iron ores, and epidote. 

(b) Pelitic Schists. 

These are mica schists, made up of abwxlant micaceous and 

1(/. 
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quartzo-fe1dspathic fo1iae. They are cornmohly garnetiferous. The 

schistosity is either plane or crlli~pledo In the crumpled schists, 

smil! parallel puckerings persist through considerable thicknesses of 

rock, as is well seen in glaciated surfaces and in certain massive 

blocky outcrops (e.g. on the hilltop one-third of a. mile west of the 

summit of Cadha Mor - A836). The cr~pling3 give a distinct linear 

structure to the rock. 

The pelitic zones shown on the maps contain much interbanded 

seni-pelitic arrl ps~mitic m~teria1. Pelitic bands are present 

within the psaa~tic zones. There are seni-pelitic schists of 

intermodiate typo. 

(c) Amphibolitcs. 

These are thoroughly schistose rocks and retain no traces, of 

their presumed former igneous textures. They are dark and lustrous 

and contain,many hornblende c~~otals of well. defined common oriontation. 

Granoblastic quartz and acid plagioclase are present in smaller pro

portion. The amphibolites are sometimes conspicuously garnetiferous, 

and garnets up to one inch across have been found in them. Biotite 

is common in so~e amphibolite bands. 

: ' 

II. 
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IV. CORRIEFEARN (or FEARN) GRANI'lE~ 

This is one of the "Newer Granites" of the Highlands. Its 

outcrop is elongate, with its longer axis lying obliquely across the 

strike of the surrounding schists. 
> • . , 

/'? 
1,2 

The granite is generally a pinkish, not particularly coarse-grained 
, 

rock. J. Phemister (1948 p.58) describes it as ail adamellite. This 

appears a correct designation for specimens examined (collected from 

just north of the summit of Cnoc MUigh-bhlaraidh and from the gorge 

at the head of the Allt Dearg, to the south of that hill). 

The tenure of typical specimens is granular. Euhedral to 

anhedral oligoclase plagioclase is enclosed within larger crystals of 

the other feldspars. Belts of cloudy alteration products often 

show up the zoning. M1rmekite outgrowths from plagioclase into 

microcline are a conspicuous feature of the rock. Mic~ocline (often 

perthitic) and untwinned alkali-feldspar (probably orthoclase) make 

up the greater part of the rock. Irregular patches of quartz occur 

throughout. 

Ferromagnesian minerals are not common. Only a small amount 
.; ,'~ ;. J 

of biotite is present. It is sometimes green and with pleochroic 

haloes. The minor accessory minerals include sphene and apatite. 

The granite mass is crowded with schist inclusions near its 

margins. On the north-east face of Cnoc Muigh-bblaraidh there are 

visible many large inclusions, veined by coarse granite. The veins 

sometimes show graphic textUre. In places, the inclusions are seen 

to be completely surrounded by granite, and their structures are 

markedly truncated by the contact. 



The summit of Beinn Clach an Fheadain, as described in the 

Geological Survey Memoir (Peach et ale 1912, p.1l4), is a complex 

of schist and granite veins. Aroum the southern top (1526 ft. O.D.) 

the granite passes eastwards, by increase in the proportion of country 

rock, into the adjacent schists. Granite veins in this neighbourhood 

occasionally show graphic,texture. In one was found a crystal of 

orthoclase-perthite (at least 2fn x ~ x Itn) containing beautiful 

graphic intergrowths of quartz. 

Further south, in the head~ters of the All t Muigh-bhlaraidh, the 

Alit na Meine, and the Allt Dearg, the schists within half a mile of 

the granite margin contain numerous granite bodies, These comprisel 

concordant lenses of coarse muscovite-pegmatite and granite, cross

cutting pegmatite veins, and cross-cutting d~s and sheets of granite. 

Certain other pegmatite bodies may be associated in origin with 

the Corriefearn Granite. A broad pegmatite vein, outcropping about 

half a mile east of the south top of Beinn Clacb an Fheadain, contains 

red garnets and large black tourmaline crystals (up to 5" x 4" x 1" in 

siza). A coarse whitish pegmatite exposed on the west side of Gleann 

. Dadhain contains large crystals of both light and dark mica, up to 

two inches across. 

Pegmatite patches also occur in the pelitic schists W.S.W. of 

Struie HU1. 

IS; 



v. OLD RED SANDSTONE - GENERAL STRATIGRAPHICAL SUCCESSION. 

Balnagown Group (~pper Old Red Sandstone) 

Ma:inly yellow ani red sandstones •. 

Unconformity? 

Strath R0rY Group (Middle Old Red Sandstone) 

Yellow and red sandstones, conglomerates 
wi th thin shales locally containing fish 
fossils. 

Unconformity? 

struie Group (Lower Old Red Sandstone) 

Grey ani brown sandstones, siltstones, 
mudstones and conglomerates. 

Unconformity. 

Moine Schists. 

-. . 
; . 

Approximate 
thickness 

3500.rt. 

4500 ft. 

8000 ft. 

'~~> ~, ,- •. ~ 
... ' ... , " .. ~ 



VI. STRUIE GROUP 

The oldest division of the Old Red Sandstone 1n the area surveyed 

has been named from Struie Hill were it is best exposed. The strata, 

which are commonly calcareous, consist of conglomerates, dull grey and 

brown flaggy sandstones, siltstones, shales and mUdstones. 

The Struie Group rests unconformably on the Moine Schists and is 

older than the Strath Rory Group. These stratigraphical relations 

cannot be demonstrated between the Dornoch Firth and the Alness River 

because in that region the Group is everywhere bounded by faults, rut 

elsewhere in Easter Ross, where correlative strata of similar lithology 

exist, the relations are clear. Thus equivalent strata, designated as 

Groups 1 and 2 in the Alness and Evanton area (Hinxman, in Peach e t al. 

1912 p.132-133), and falling into subdivisions 1 to 4 at Strathpeffer 

(Horne, in Horne et ale 1914 p.59), rest unconfomably on the Hoine 

Schists and are overlain by the Cnoc Fyrish Conglomerate of Group 3 

(Alness - Evanton) and the Knock Farril Conglomerate (Strathpeffer), 

which on lithological grounds are correlated with the Strath Rory Group. 
, 

The precise age of the Struie Group is not known. The Strath Rory 

Group containa a fish-fauna of Middle Old Red Sandstone age, but as yet 

the Struie Group has yielded no determinable fossils, although bone 

and plant fragments have been fouhd in shaly rocks from the Lochvie 

Burn near Edderton, and the Geological Survey six-inch map (Ross and 

Cromarty 27) _. records _ ~i~h. remains fran the same neighbourhood. In 

agreement with Westoll' (1951 p.67 and table II)-it is considered that 
... 
this basal Old Red Sandstone group is_ equivalent in age t~. ~he Barren, _:, 
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Group (Basement Group) of Caithness (Crampton et al. 1914 pp.l9-32). The 

group is possibly also of the same age as the strata in Lorne Which 

/6. 

contain lower Old Red Sandstone fossils (Bailey in Lee et ale 1925 Pp.22-32). 

A description of the rock-types which make up the Struie Group is 

given in Section IX(a). 

The Struie Group eXhibits marked variation near Edderton. The 

conglomeratic sequence which crops out along the Struie Hill - Struie ridge 

appears to be represented in the Lochvie and Pollagharrie Burns only about 

a mile to the south-east by a wholly fine-grained sequence of strata. 

It can be clearly demonstrated at several places on the Struie Hill -

Strute ridge that individual conglomerate beds pass laterally over a 

short distance into sandstones and shaly beds. Between the Struie -

Edderton area and the liness River the Struie Group appears to be wholly 

fine-grained except in the Tollie Burn, where a conglomerate, possibly 

basal, is exposed. It seems therefore that the greater part of the 

Struie Group is fine-grained, with congloo.erates and coarse sa.mstones 

representing a marginal. facies. 

As a consequence of the variability of the strata in theStruie area 

the elucidation b~ the tectonic structure has proved difficult. It is 

probable that the association of massive lenticular congloo.erates with 

thinner-bedded strata has influenced the response of the rocks to;tectonlc 

forces. . -, 

(a) Struie - Edderton area. 

The following stratigraphical sequence "in the Strui~ area refers 
~ - ~ " : ~ 

largely to the rocks encountered-a.1ongthe axis ~f the Crae~an Anticline. 



All t a' Chlachain Flags 

Creag na Cadhaig Conglomerate 

Craggan Upper Flags 

Craggan Conglomerate 

Craggan Lower Flags 

Lechanich Hill Conglomerate 

Dounie Hill Flags 

Basal Conglomerate 

M~imum,estimated 
thickness in feet. 

Total thickness 

2000 

1000 

1000 

600 

800 

500 

2000 + 

? 

7900 + 

Accounts of the above stratigraphical divisions are followed below 

by descriptions of strata lying north and south of the Cragean Anticline 

which for convenience are treated separately, namely tho conglomeratic 

strata on Struie Hill and the fine-grainod strata in the Lochvie Burn. 

Donnie Hill FIA,gS.' 

The Dounie Hill Flags form the oldest division of the Struie Group 

near Edderton. 'The strata comprise flaggy sandstones, siltstones and 

shales, and contain pebbly layers and occasional conglomerate' bands. 

They are exposed in typical form along the ridge between Dounie Hill and 

Creag Chruinn, and are also well seen along rut Coir 'an Tuirc and on 

Cnoc nan Cnaimhseag. The strata plunge beneath the Lechanich Hill 

Conglomerate in the core of the Cragean Anticline and are highly. de-
, I ',. ~ •• ~~ '.,- .>- -.", 1" :. ,"~;'!: ·".~.c!tl'" " ... ~ ... ~ .. -, 

formed, being.thrown into innumerable minor folds and faults. 
- - "-- - "- " ... :,,' • :. "- j .- ~ ~ •• 

Their 
"" ~, 



exact stratigraphical relation to the Hoine Schists is unlmown, but it 

is possiblothat a basal conglomerate separates them from the schists. 

The throw of the Creag an Fhithich Fault is unknown and has been dis-

regarded in the estimate of thickness of the Dounie Hill Flags. 

Lechanich Hill Conglomerate. 

The Lechanich Hill Conglomerate has been mapped on the basis of 

outcrops on the northern and western slopes of Lechanich Hill. It 

appears to be thickest along the axis of the Craggan Anticline. On 

the north limb of the 1nticline it appears to thin rapidly and is probably 

largely replaced by flaggy strata in Coir Ian Tuirc. A remnant band 

persists into the flags east of Creag nan Aighean am the lenses in the 

flags north of Caire Hor may be on a similar horizon. The Conglomerate 

probably also passes into flags on the south side of Lechanich Hill 

Craggan Lower Flags. 

The Craggan Lower Flags lie stratigraphically between the older 
-~ 

Lechanich Hill Conglomerate and the younger Craggan Conglomerate. They 

consist of a series of flaggy sandstones, commonly pebbly, with silt-
--

stones and shales and contain a few thin conglomerate layers. They are 
,1", ... 

well-exposed along the Allt alChragain near Craggan and are probably 
'(). L._} . . ~ 

represented by similar flaggy rocks above the Lechanich Hill Conglomerate 

in C air I an Tuirc. 
i I _ ~ 

Craeean Conglomerate'. 

The Craggan Conglomerate is exposed along the burn W.S.ioT. of Craggan 

and on the lower slopes of the hill west of Craggan. Its relation to 



the underlying strata io not well displayed but the Conglomerate probably 

overlies the Craggan'Lower Flags exposed in the Allt al Chragain. . The 

top of the Craggan Conglomerate is demonstrably diachronous. A little 

under half a mile west, of Craggan' a passage north-eastwards from massive 

conglomerate into f'laggy rocks can 'be seen in the outcrops. 

Although a north-south fault is shown on Enclosure 3 as terminating 

the conglomerate outcrops west of Craggan this is not considered to be 

the main causs'of the disappearance of the conglomerate here, and it is 

thought that the coarse rocks pass wholly into flags both north and south 

of the axis of the Craggan Anticline. 'South-west of Craggan the massive 

conglomerate in the burn is succeeded to the east Qy pebbly sandstones 

with conglomerate l~ers Yhich are probably its lateral equivalents. 

Cragean Upper Flags. 

This is a daninantly f'laggy assemblage, consisting of thin-bedded 

sandstones with shaly and silty layers and occasional lenticular bands of 

conglomerate. The fiaggy sandstones are commonly pebbly. The rocks 

are well-exposed on the south-east side of the ridge north-east of . 

Struie (1218 feet). 

The Craggan Upper Flags are bounded below Qy the Craggan Conglomerate 

and above by the Creag na. Cadhaig Conglomerate; both boundaries being 

diachronous. 
~ ... " ....... \ ... ~ 

1'1. 

South of the axis of the Craggan Anticline phe Craggan Upper Flags may 
u + • _ - ~ ,.:;..... _ ! :. • . I '" ' .. '" ~.:, -~, '~"', .' 

be represented b,y fiaggy sandstones, shales and siltstones exposed in the 
,: , ~ , ' • H.' _ "" :::' - . < ~' < '~I • ,. t~ to. __ "\...- :. ... ' :: ~.:' • ' 

Pollagharrie Burn. 
_ ... ,' :/ ': 1 ': ~ -



Creas na Cadhaie Conglomerate. 

The Creag na Cadha1g Conglomerate is well-exposed in the crag of, 

that name which overlooks the Cadha Hor. It forms the sUIlll:lit of Struie 

(1218 feet). The conglomerate, ~pping north-westwards at an average 

angle of 45 degrees, is remarkably massive in its upper part, but con

tains lenticular intercalations of sandstone towards its base where it 

passes into the underlying Craggan Upper Flags. The transition zone 

is well-exposed in the.south-east end of Creag na Cadhaig and on the 

hillside south-east of Struie (1218 feet). 

The conglomerate exposed near the head of the burn half a mile 

N.N.W. of Keanstruie is thought to 'be,· the equivalent of the Creag na. 

Cadhaig Conglomerate. 

AlIt at Chlachain Flacs. 

The AlIt at Clilchain Flags, comprising flaggy sandstones, Siltstones, 

shales and mudstones, are considered to be the youngest rocks referable 

to the Struie Group near Edderton. Occupying the core of the Keanstruie 

Syncline they overlie the prob~ble equivalent of the Creag na Cadhaig 

Conglomerate exposed half a mile N.N.W. of Keanstruie. They are ex

posed along the All t a I Chlachain b~tween the Polinturk Fault and the 

foot of Gleann Dadhain. 

Conglomeratic strata of struis Hill - Struie ridge. 
• • ~ f.. "'~ ... _~,' ~-'~. , • +, _ :'~ .... ";._·tr,~·: j .... ~ -",',:"'0~ 

Between Strule (1218 fet.) and Struie Hill (1082 ft.) the crest and 
- " ."" .... ~ ~;... . "~-: ~:" ~,:,: ':' ~ .,: ~ "'-" - ~- ;,.> ',' :"" -~ ... : 

western face of the north-east-trending ridge is composed of coarse con-
'.... .' ~~ ;f 1>' ~::. ,dl".,.~··~t,·'l<·~'; i ~~ .. ,. __ ~.:.~ ~ ,:t:~!~~~> (.,:~' ~!": .. ) (:.'~.'_~- .... ,.:'" ~:1 

gl;omerate. Where the dip is visible, and this is uncommon, it is seen 
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to be towards the south-west, "at right angles to the trend of the elongate 

mass of conglomerate. Although the conglomerate margin probably coincides 

in general with a fault, the actual boundary is not well-exposed and may 

not be so clean-cut as shown on,the map. 

It is considered that this conglomerate is markedly diachronous and 

is the cOllective marginal representative of the Lower Craggan Flags, the 

Craggan Conglomerate, and the Upper Craggan Flags. south-west of Struie 

Hill the massive conglomerate passea laterally southwards into mixed flags, 

and comglomerate, and this is considered to illustrate the general re-

lations of the massive conglomerate. 

The complex and variable sequence of flags and conglomerates on 

Struie Hill east of the Struie Hill Fault is probably equivalent in a 

general way to the flags exposed in Coir Ian Tuirc, which are themselves 

probably equivalent to part of the Lechanich Hill Conglomerate and to 

the Craggan Lower Flags. The variability of the strata here is well

illustrated east of Struie Hill, where the massive conglomerate bed 

which forms the north wall of Coir Ian Tuirc passes northwards within a 

few yards into flags with thin conglomerate bands. 

Strata exposed in Lochvie and follaeharrie Burns. 

The strata in tho Lochvie and Pollagharrie Burns consist of flaggy 

sandstones, siltstones, shales and mudstones. They are equivalent to 

the succession above the Lechanich Hill Conglomerate, aa-described,above. 

Fe bbly bands' are : rare "here and it is clear tha\', :there is a general, 

diminution of grain' size; a outh,:,eastward~ from; the axis of, the. Craggan 

Anticline. 

, . . ' 



A dark greyish fiSSil~~Siltstone from the Lochvie Burn (immediately 

N. of Requill and 40 -yards below a small tributary on the south bank) shows 

in thin section a band of light brown transiliucent material, perhaps of 

organic origin. An organic structure, with well defined cell walls, 

probably c plant fragment, is also present in the rock (Plate 39). A 

fragment of bone has been detected in a sandy band within a grey siltstone 

from the Lochvie Burn 250 yards N.N.W. of Requill (Plate 38). This is the 

only evidence that the Struie Group contains vertebrate remains, apart from 

a note on Geological Survey six-inch Sheet 28 (Ross) which mentions "Traces 

of bony fish armature" against the easternmost outcrops in the Lechvie Burn. 

(b) AlIt l-1uigh-bhlaraidh. 

Highly-deformed br~ siltstones, shales and grey calcareous sand

stones of the Strole Group are well exposed along the Alit Muigh-bhlaraidh 

from a point 60 yards downstream from the shepherd's house up to the 

Braetollie Fault. 

(c) AlIt na Meine. 

Thin-bedded siltstones and sandstones of the Stroie Group, dipping 

steeply southwards, are exposed in the Allt na l-feine between the Polinturk 

and Braetollie Faults. 

(d) AlIt Dearg. 

Folded brown siltstones 'With sandstone ribs are exposed in the Allt· 

Dearg 60 yards downstream from the foot of the Alltan a' Chaoruinn. 

Similar rocks crop out about 50 yards up the Alltan a' Chaoruinn. These 

-



rocks lie between the Polinturk and 'Braetollie 'Faults. 

(e) Tollie Burn and Alness River.' 

Strata of the Struie Group are excellently exposed in the TollieBurn. 

Conglomerate, U1th obscuredips,-persists for 200 yards downstream fram 

the Braetollie Fault, and is apparently overlainb,1 brown and grey silt

stones and fiaggy sandstones dipping south or south-westwards at 30-50 

degrees. 

In the Alness River the strata consist of calcareous' fiaggy sand-

stones and siltstones with grey, brown and green mudstones. 

The total thickness of the Struie Group in this district, estimated 

on the basis 'of dips-and disregarding possible faulting, may exceed 

5000 feet. This figure is. consistent with the extimated thickness near 

Edderton. 'The conglomerate in the Tollie Burn may be near the base of 

the Group. 

. .. 
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VII(a) STRATH'RORY GROUP '0' •. 

The Strath Rery Group comprises' a·,thick sequence of yellow and. 

red sandstones with thick beds of conglomerate, largely in the lower 
'f" 

part, am thin shaly horizons.' 'It is named from the valley which 

traverses its outcrop midway between the Alness River and the Dornoch 

Firth. A fish-fauna of Middle Old Red Sandstone age from the notable 
" 

locality of Blackpark establishes the general age of the Group. 

Within the area surveyed in detail faulting has rendered the basal 

beds innaccessible, but south of the Alness River the Group is known 

to overlie the Struie Group, although exposures of the stratigraphic 

junction are poor. 

The top of the Group is arbitrarily drawn below the pebble-beds 

of Dalnaclach and Beiman Lochain, here considered to be the basal 

members of the younger Balnagown Group. 

While the upper part of the Strath Ror,1 Group, composed almost 

entirely of sandstone, is relatively uniform in character ever,ywhere 
'>'" 

, 

in the area of study, the lower part is subject to marked later~ 
, . 

variation. The predominantly conglomeratic sequence in the area of 
- ~ . ..~ . , ~ 

the Alness River and Strath Ror,y (the Cnoc Fyrish Conglomerate of 
j.r i • J \. ~ _, ' 

Hinxman,in Peach et ale 1913 p.133) appears to give way near Edderton to 
; ",. . " :. . .' (f tl ' 

two lesser but still thick conglomerates, (the Meikle ~ and. Dridaig 
__ . ~',' J(:.;-:.., ~.' '_: ',}", t,~ ~ '~ •• ~ ~. ~,j ~,~~: ~._: ,~ 

Conglomerates), separated by a sequence of sandstones with thin 
-'.'l\d' ~ ~ .... , , ..... , __ E~ ':' ~: ~"',,~ '-' ."~ t~: ~ \..~; llt .1,'.;"' 

conglomerates and beds of calcareous shale (the Craigroy Succession). 
l ....... ~... _ .. ' -;,' < <' L',~. ' ...... 

• .~, ~. ~ A _'~ ••• _"' .... 
,: ~"" \ 

The relationS of' the rocks are expressed in tabular form below: 



Lower Strath 
Rory Group 

Strath RoU. Edderton - Tain Area 

Upper Strath Rory Group. 

( Cnoc .Fyrish 
( Conglomerate 

Dridaig Conglomerate. 
Craigroy Succession. 
Meikle Daan Conglomerate. 

The top of the Dridaig Conglomerate is probably not the exact 

time-equivalent of the top of the Cnoc Fyrish Conglomerate, which in 

Strath Rory is placed just below the lowest sandstones exposed in the 

Allt na li-Iolaire. The mapping (Enclosure 2) implies that it is 

older. The upper limit of heavy conglomeratic sedimentation in the 

Strath Rory Group is undoubtedly diachronous. 

There is a marked lithological contrast between the Struie and 

Strath Rory Groups, and it is clear that the former has su~fered the 

more intense tectonic deformation. ~ possible inference is that the 

Struie Group is significantly earlier, being formed under conditions 

differing appreciably from those prevailing during the deposition of 

the Strath Rory Group, a.n:i having been unconformably overlain by the 

younger Group after a period of deformation. There is corroborative 

evidence for this view. The conglomerate formerly seen resting on 

the Moine Schists at Revaig just north of the Dornoch Firth (Read in 

Read et al. 1925 p.62) is considered here to be the local base of the 

Strath Rory Group, with the implication that the Stroie Group has been 

completely overstepped only a short distance away from its area of 

thick development near Edderton. At the North Sutor and at Cromarty 

strata lithologically almost identical with the Craigroy Succession 



and the subjacent Meikle Daan Conglomerate (Enclosure 10) are in 

unconformable contact with Moine rocks, ani again .the Struie Group 

appears to have been completely overstepped. Ross (in Read et al. 

1925 pp.52-61) has described an unconformity within the Old Red Sandstone 

of the Brora outlier. It separates strata which appear to correspond to 

the Struie and Strath Rory Groups. 

"\. .J.. .. 
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VII (b) CNOC FYRISH CONGLOMERATE 

In its type-area south of the Alness River the Cnoc Fyrish 

Conglomerate consists of a thick sequence of red and yellow 

conglomerates with subordinate pebbly sandstones. In addition to 

Moine and Newer Granite debris it contains far-travelled Torridonian 

and. Cambrian material (Hinxman in Peach et a1. 1912 pp.137-8). It 

overlies the Strute Group and passes up into the sandstones of the 

Upper Strath Rory Group. The strata are subject to marked lateral 

variation and the Conglomerate passes south-eastwards into the 

pebbly sandstones which form the low ground along the western shore 

of the Cramarty Firth south-west of Alness (Hinxman in Peach et al. 

1912 p.133 and fig. 12). North of the Alness River the massive 

conglomerate facies persists to the neighbourhood of the Allt Dearg, 

beyond which it is apparently replaced by the thinner Meikle Daan and 

Dridaig Conglomerates separated by the sandstones of the Craigroy 

Succession. 

In Strath Rory the top of the Cnoc Fyrish Co'nglomerate lies just 

below the lowest sandstones exposed in the AUt na h-Iolaire. In this 

district the Conglomerate probably attains a thickness of at least 

1000 feet. At Cnoc F.yr1sh itself, where massive congl~erate probably 

persists to a higher level than in straih Rory, . the th1ckn~ss""m:iy be 
• ' 'I ... ~.... ~~, ,. > ,. ~ ~"'-: ~,., 

~ ~"'" '>,Jo \.dIl >_ _'~'.'" ~. ~ ~ ~.., "" _, " ' 
about 1500 feot. 

< ~ , "" ~, l_ ~. T" ~, • .' ~~ ,1! l ,f ~ _,..,.. '.~ 

The following descriptions of exposures in and. north of the Alness 
_, .. -:: ~," "<'"'\~.'o ":" ~ _. : ..... ~-:.' ~:,: ' i ~ ":. '-.~. ~ ~~-. '" ) .. -,.~ .- .' 1-

River are taken in oider from south to north: "The probab1Y strati-
_> > ~-J :., ~ ,'_.'''''' .1 .... " .... ~; .~~'(l,~ _, :' ,~:~~::. ~~,~,,.;: {:'"';'>""":~~_,,:"~" !,~ ~ 

graphic position of the conglomerate in some of these localities is 
.. -," -', ... ~ 
~. -' -.,' -

.. , .' 
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Alness River. 

The Cnoc Fyrish Conglomerate is well exposed along the Alness 

River between Dalreoch and Achandunie where it is overlain qy south

east-dipping sandstones or the Upper Strath Ror,y Group. Further 

downstream the Conglomerate re~ppears south ot the tault bounding 

the sandstones ot Creag OUdaig, and dips eastwards or east-south

eastwrds at 12 to 14 degrees. Torridonian and Durness Limestone 

pebbles have been discovered here. Towards Alness the conglomerate 

again gives vay to the overlying aandstones ot the Upper Str~th Ror,y 

Group. 

Stittenham Wood. 

Along the south-oast side ot Stittenham Wood, conglomerate is 
.~ '. . . 

visible in several places, both in natural outcrops and in some 

newly-cut Forestr,y Commission roads., ,A sm~l burn draining this 

hillside has cut a deep gully in the Wood, and . exposes conglomerate 

dipping at angles of 20-25 degrees to the south-east. On the 

Geological ~urvey six-inch map there 1s a reco~ of Durness, Limestone 

pebbles trom this locality. 

Burn ot Achnac1oich. 

Conglomerates, with a tew sandstone l~yers, ~ exposed, in ,,' ." 

this, rum, both ',above the road bridge ,(A.836) and ~so dO'W'IlStream 

towrds L~ch Achn~c1oich. The best exposures are in Creag Neich, 

a 75-foot cliff on the east, side ot the burn. ,Grey limestone",,, , 
. :' ,~' r ~ ,". ~. ~ _~ ,. ~ ~ ,,~ 

pebbles, probably derived trom.the,Durness Limestone, have been tound 
.' "_ ~.~" ' ...... , .. , •• ~"-"""~'<'>''' "' ...... _ ~~" ,__ __ .. " Jj. .. _. :;. T , .~... "~ -

in. the, conglomerates just upstream ot Creag Neich, thus confirming the 
,,~ ',' .,"'" 1 ., "<' 

.:29. 

observations ot Hugh Miller, Jun. "(Hin:x:man in Peach et al. 1912 p.138). 

A considerable thickness ot rock must be represented qy these outcrops, 



probably about 500 feet. This section is the best one available 

in the Cnoo Fy"rish Conglomerate, north of the Alness River.· " ",,> 

Strathroty River. 

Conglomerate in the river immediately downstream fran Strathrory 

Bridge, is composed ohiefly of rounded blocks of siliceous Moine 

Schist am pink granite.' There are ooarse sandstone layers, am 

these, together ldth the' conglomerate matrix are richly fe1dspathic. 

~rther upstream, rather over three-quarters of a mile above 

the bridge, there is a narrow rooky gorge out in red conglomerates. 

Rounded to angular blooks, usually up to about one foot in diameter, 

consist of Moine granulite, pink granite arid some mioa sohists. 

Bedding is not diffioult to identit,y and oocasional layers of red 

sandstone show it up well. The dip is E.S.E. at '15-18 degrees. 

In several places, unusually large rounded bOUlders of granite 

are oontained in the conglomerate. One, exposed towards the head 

of the gorge is 5-6 feet in diameter. ',.;, 

There is another small conglomerate outcrop about JOO yards 

upstream from· the head of the gorge. 

G1eioh nam Fiadh. 

Conglomerate vith some sandstone layers is exposed in the hollow 

of Glaioh nam Fiadh on the western faoe of Cnoc Corr Guinie. ' 

Al1t na h-Io1aire. 

Reoently cut gullies on the hill immediately west of the lowest 

outorops in the Allt na h-Iolaire exposes the upper part of the Cnoo 

Fyrish Conglomerate. 



... AlIt Dearg near Luarcharmhor. 

Conglomerate is exposed in the AlIt Dearg 700 yards south-east 

of the road bridge (A.836), near the ruins of Luarcharmhhr. There 

is about 8 feet visible and it is composed almost entirely of rounded 

boulders, up toone foot across, of pink granite. The rock is well 

bedded, with bands of coarse arkose. Pebbles of pegmatitic rock, 

pink aplite, siliceous Moine schist and small fragments of mica 

schist also occur. The conglomerate at Luarchamhor dips south 

of east at 10-12 degrees. 

This is the outcrop described by Himcman (in Peach et ale 1912, 

p.134) and mistakenly assigned to Group 1 of his sequence. In fact, 

it lies east of, and at a bigher stratigraphical level than outcrops 

of sandstones and siltsto~es of Hinxmanlsgro~p 2 found further ~pstream, 

and should be placed in the Cnoc Fyrish Conglomerate. The conglomerates 

in the Strathror,y River are similarly misplaced in Hinxman1s description. 

Another outcrop, between Lua.rcharmhor and the road bridge, is 

marked on the Geological Survey six-inch map, but is not now visible. 

Conglomerate, with granite and ~iliceous schist blocks, projects 

through drift aId peat in small outcrops over an area exteIding well 

south of the AlIt Dearg, and situated just west of the road. The 

conglomerates here proba.bly dip eastwards, and lie beneath tpat 

" seen at Luarcharmhor. 



VII (c) ME:IKLE DAAN CONGLOMERATE 

The thick conglomerate exposed in the Craigroy Burn near Meikle 

Daan (see Enclosure 8) is considered to be the oldest member of the 

strath Ror.y Group in the Edderton district. Its exact relation to 

the strata of the Struie Group ani its true thickness are not known, 

since the base is not exposed. It has been concluded that the 

outcrops may represent a thickness of at least 200 feet. 50 feet of 

conglomerate are exposed in the cliff just downstream from the foot 

of the Allt a' Chlachain. 

The Meikle Daan Conglomerate is ccmposed largely of materlal 

of Moine derivation. It has been extensive~ shattered and altered 

due to its proximity to the Meikle Daan Fault. In places the 

granulite pebbles are thoroughly rotted and readily fall to pieces. 

( -

~" * t. 1.·~ 

31 3 /. 



VII(d) CRAIGROY SUCCESSION (see enclosures 8 and 9). 

The Craigroy Succession comprises the much-faulted series of 

red and yellow sandstones, conglomerates and nodule-beds (calcareous 

shales) exposed in the Cra1groy Burn and its tributaries near Edderton. 

One of the nodule-beds, at Blackpark, has yielded a rich Middle Old 

Red Sandstone fish fauna (see Appendix 1.). 

. The strata are faulted against the Struie Group and stratigraphically 
.. ' 

overlie the Meikle Daan Conglomerate, down into which they pass by 
. ., ~ 

intercalation. The relation of the Craigroy Succession to other 

strata of the Strath Ror,r Group is difficult to demonstrate, but it 

is probably that the Succession is low in the Strath Ror,r Group am 
" '< • -

stratigraphically underlies the Dridaig Conglomerate, since no 
" 

comparable assemblage of strata with nodule-beds has been recognized 

above the Dridaig horizon in the Edderton - Tain area. Canparable 

strata do occur near the base of the Middle Old Red Sandstone at the 

North Sutor (see Enclosure 10), at Cranarty am at Ethie, ani this 
•• "! 

~ "'~ I 

considerably strengthens the case for placing the Craigroy Succession .. ~ ~ 

near the base of the Strath Rory Group. 
• t •. ~.. .. , ,; -

The recognition of the Craigroy Succession as a basal part of the 
" , 

" ' }"'- :-." " ~! 

Strath Ror,r Group implies that it is generally equivalent to the Cnoc 

" Fyrish Conglomerate. This conflicts with the opinion of Hinxman 
,- ;'"~. ,.:,~'::' :. .1 ",. 1 :..~ ~~··"l~ '.' ~~ ,oj 

(in Peach et a1. 1912 pp. 138-9) who in placing the Craigroy rocks 

in his Group 4, which overlies the Cnoc Fyrish Conglomerate, was . . .~ -.... ~. 

obliged to separate them from the Conglomerate on one-inch Geological 
"_: r,...,,;-.; t~~, ,\ ~. ,~~, .' '. ~ '".-,, ."i":~L. ~,,~',! ~"":J... ;:.:.~.-, ~.,..' ~- ~""t :,~, 

Sheet 93 by a hypothetical fault 'just north of the Allt Dearg. 



The equivalence of the Cnoc, Fyrish Conglomerate and the Craigroy 

Succession means that there is a marked facies change from north to 

south. " The Cnoc Fyrish Conglomerate appears to be' in the form of 

a great lens thinning out both northwards an:l towards Dingwall. 

In the Strathpeffer district the -'general sedimentary aspect 

characteristic of the Strath'Rory Group 'begins about the horizon 

of the Knock Farril Conglomerate (a lateral equivalent of the Cnoc 
...... > 

Fyrish Conglomerate). strata below the Knock Farril Conglomerate 

which have formerly been considered to include correlatives of the 

fish-beds of Cromarty and elsewhere (see History of Research) are 

clearly assignable to the Struie Group. Their overall drab shaly 

character distinguishes them from the Middle Old Red Sandstone 'in 

which the fossiliferous grey shales, exemplified b.r those of the 

Craigroy Succession, are merely minor components in a sequence . 

characterised b.r red and yellow sandstones. ,:. ,. 

The best section available in strata of the Craigroy Succession 

is that along the AlIt a l Chlachain. Here about 750 ft. of strata, 

dipping west to south-west at angles mostly between 20 and 30 degrees, 

are exposed between the Meikle Daan Congl~~rate and the topmost beds 

near the Polinturk Fault. This thickness"is regarded' as a minimum 

for the Craigro~ Succession. The section is known·to be broken 
, ~ ~ .. 

by faults near the foot of the Allt a l Chlachain but these are 

probably 'small. 

AlIt a l Chlachain Sectionl-

(For graphic section see Enclosure 10. The numbers refer to 
nodule-beds 1 to 6, from oldest to youngest). 

Red sandstones, poorly exposed, closely jointed 

'i' 

80-901 



Red sandstones, mostly massive and soft. 

Gap; probably red sandstone. 

Mostly reddish sandstones; massive and soft with 
harder posts. 

6. Gap: containinF; calcareous shales (1) with Limestone 
layers. 

}~sive light-grey current-bedded sandstone with 
pebbles near base. 

Flaggy light grey sandstone. 

Hard grey sandstone, massive, with distinct base. 

Dark grey shale 

Grey flaggy micaceous sandstone. 

Distinct post of tough, light greyish sandstone. 
Ridges on base. 

Grey and brown micaceous siltstone. 

Sandstones. 

5. Grey calcareous shales with grey limestone nodules. 

Gap. 

Buff, greyish or reddish sandstones. 

Finely-laminated soft greyish shales, with clayey 
bands. Thin-bedded sandstone at top. 

Sandstones; mostly reddish, with, occasional, , 
yellowish and greyish layers. Flaggy to massive. 
Band of red shale ,and shaley sandstone (7") 11' 
below top. Faulting associated with olosely-
jointed zones (7) , ,', " .. ... 

Gap, fault? 
., . 

,! ~ '."' " ~ ~ , 
..,' ,. r~" , , 

40' 

12' 

25-30' 

S' 

10' 

2'2" 

1'3" 

It" 
I' 

I' 

12-15' 

2' 

15-201 

135' 
" ,. 

3' . (1) 

~ .... J ".:?i 
-. '""'l.. 



( 
( 
( 
( 
( 
( 

4. { 
( 
( 
( 
( 

Brown siltstone with sandy lenses. 

Grey micaceous sandstone. 

Dark red brown siltstono. 

Sort grey: shale. 

I' 

4" 

~" 

Ji" 
Purple-brown shales with erey limestone nodules. 

Greyish micaceous shales. 

1'1" 

10" 

Red broltm flaggy sandstones. Calcite joint 
infillings below overlying calcareous shales. 40' 

Gap. l' 

3. Grey: calcareous shales with grey limestone nodulep' 
and layers. Posts of grey: calcareous sandstone. 

6' . Same reddish staining. 

Sandstone; yellow to grey and brown. Current
bedding. Calcite-veining. 

Fissile micaceous siltstone. 

Hard yellow sandstone with calcite vein-infillings. 

Massive sandstone; 
gaps). 

grey or brow, (including 
• ¥- .~: 

Massive reddish sandstones, layered vith ye1lovish 
lamination, weathering into a smooth face 

2" 

15' 

" truncating most of the structures. Current, -
bedding ver,y well displayed. Base.o~ sandstone 
shows -load-casts. . , .,' ',c .. ,:.: 35' ' 

Pale green shale with reddish layers decomposing to 
red and grey clay. ; 2-311 

Very tough reddish:to greyish sandstone. Rounded 
lobes of balled up sandstone bedded in soft red 
siltstone below. /.;;:1:-'''' .~" 

. ,~ .: 

Hard red brown sandstone with disturbed bedding. 

Red shale. 

Hard reddish banded sandstone with disturbed 
.; bedding ... ~ • 

ToUgh: red 'brawn' sandstone~', ~.' ',' ';. 

3~g5. 



Dark grey to brown micaceous sandstone, Tough 
and less fissile near top. 

Reddish shales 'With hard yellow brown layers of 
sandstone with load casts on their lower 
surfaces. 

Sandstone; mostly yellowish, calcite veined. 

Gap. ,r 

2. Grey calcareous " beds - light grey limestone with 
intercala tions of grey shale. Thin beds of 
calcareous sandstone. Bright red staining of 

1 14" 

1 13" 

5-6' 

4' 

limestone. lo-lll 

Gap. 21 

Laminated grey or brown micaceous sandstone and 
siltstone. 1 16" 

Hard grey shale with embedded rounded masses of 
balled-up brownish sandstone. 4tn 

Grey to brown shales and clays with a few sandy 
layers. 6ft 

Gap. 1" 

Sandstones; chiefly purple brown towards base 'With 
a little light grey sandstone, speckled chocolate. 
Higher up - red brown. 30'" 

1. Nodule Bed - Grey calcareous sandstones near top. 
Grey to brown shales with rounded nodules of 
red brown to greyish limestone, ' Plant remains 
and fish scales. ll' 

'. Tough greyish sandstones • 
. 

Soft red and grey clay. 2" 

Pale grey sandstones, usually Yith chocolate 
coloured,specks.~:' ;,,_::~, "" .,': 

l' , ( , .,..~. 

Conglomerate. 

Reddish sandstone vith pebbly base. 31 ,,~ .. ' 



Soft reddish sandstone - not jointed - massive. 
Colour bal'lded. 

Gap 

Harde~ red sandstone. 

Gap? Fault. 

Massive red to dark purple brow sandstone. 

Gap - (including red pebbly sandstone). 

Hard red shale with red shaly sandstones. Calcareous 

61 

5' 

I' 

2-3' (1) 

5' 

nodules. 11" 

Red clay and shale. 

Hard red or greyish sandstones and sandy shales. Base 
massive. 

Red pebbly sandstones. 

Thin bedded red sandstones. 

Gap. 

Hard red sandstone, massive at base~ 

Sandstones - conglomeritic layers. 

Red conglomerate 

Sandstone. 

2-3" 

7-8' 

2' 

71 

Red conglomerate (bend just above Cralgroy Burn) • II' 

Red sandstone. 

Conglomerate. 

Gap. 

Hard reddish closely jointed sandstone 

6-7' 

10-121 

5-7' 

Conglomerate, Some red sandstone. 5-61 .~ 

Thin bedded micaceous sandstone.- ",. '.. 1" 

Conglomerate •. ~ 

Red' sandstone. 

,"- - ,_. /, 

301 

~ --~ 

.37, 



Gap? Fault ? 

Meikle Daan Conglomerate 

, , 

" ' At least 45";'50' 
perhaps exceeding 
200'. ' 

The conglomerates are aggregates of close-packed pebbles, with 

reddish s~ matrices. Lenses of reddish sandstone are not uncommon, 

and reveal bedding in the rock. ,The pebbles, mostly less than 6 inches 
.. - ... • • <,!", > • ~ , 

across, are predominantly of Moine granulite. They are usually well 

rounded, but angular fragments do occur. 

, , ' 

, .
c' 

The sandstones are medium to fine-grained as a ~e, and commonly show 

current-bedding. Coarser, sometimes pebbly layers ~cur here and 

there. The colour varies from red to yellowish, both on a large scale 

and also between adjacent laminae. 
".r, _ • 

The six nodule-beds of the Allt at Chlachain have a considerable 
.. -:'~ , " ; 

calcite content, much of it in the form of limestone bands or nodules, 
\ .. ,-

which in some cases make up the greater part of the bed. The limes tone 

layers reach up to 4 inches in thickness (in bed 5) ~ The nodules are 
~. i.: .~ ~', 

generally banded in conformity with the lamination of the enclosing 
'" _.,_,_._~._. _ .... _._ .... >_~ ,. .....J 

shale, and they are nattened ,in the plane of ,lamination. The ,banding 
.' ~ , ,: I _ ::, f ~ ... '~ r -~. ~ " .... , c: .. 

is an original sedimentar,r structure, protected from the compression 
:>, ~ ~.; ~.:., ~ I , , .~. :.: \.." r"-

that affected the surrounding shale by early diagenetic segregation of 
- '; .. ',~'. . > t-· ~-- ~ j ~ ~,:<~ ~.~ 1 'I F.. ,'L,-: ~-.':' "\i!) :~t",:~.-..; 

the calcium carbonate into hard nodules. 

The nodules are usually greyish or less commonly brown. Some of 
~l;~" >f., ',; r "', ~'\"i.f.., ... :~ :.~ 3_~_~,;::-~ ~-..~ tt.J'1 I:,) :">~,,~' ,:-''";!. ( ... <'i;~j. ~ ~~ i~i 

the nodules in bed 2 are stained bright red. , , , 
.. " '."," . ~.::. ~)t: ~ :, ~'~~~~'1-'~",: ~:/ ~',!>r;~<~;{~',) 'C" ,':::;"r'-:r ;,~~ ~.~.,J. ~,:;,.'.:::~t"J' (:~~ :~,~~ 

Flaggy light grey calcareous sandstones are intercalated with 
. . .. '''' "~ . 

..... , -"" > .. 

the shales in most. of the nodule beds. 



It is from a bed of similar lithology at Blackpark that Middle 

O.R.S. fish have been recorded. The Allt a l Chlachain nodule-beds 

are therefore potential fossil localities. A loose nodule found 

just downstream of bed 5, contains" CheiracantHus sp. This 'Was very 

probably derived from bed 5 or 6. The shales of bed 1, the thickest 

and best exposed, contain fish scales and carbonaceous "Hostimella" 

impressions. 

How far the rocks of the Alit a l Chlachain section are equivalent 

to the rocks exposed in other stream sections is not readily determined. 

Nodule-beds occur in a considerable number of outcrops, but no two 

outcrops are exactly identical, and it is not possible to be sure of 

any correlations. The conglomerates and v~rious sandstone beds are 

not sufficiently individual in character to be recognisable from 
. 

outcrop to outcrop, so that they too offer little assistance in 

correlation. They are liable to lateral variation in thickness and 

lithology. For example, the conglomerate bands exposed near the 

foot of the All t a I Chlachain are known to pass largely into red 

sandstone when traced over the spur into the Craigroy Burn. 

Craigroy Burn, East of Meikle Daan. 

The down-throw of the Meikle Daan Fault is almost certainly 

to the east, and the beds exposed to the east are probably to be 

correlated.with;part of the sequence in the Alit at Chlachain above 

the Meikle Daan Conglomerate. 
,-,' ,. . .- i .- ";-. 

,," "' ,I. 

The fol1owini section 'begi~ at the easternmost (and, it is" 

thought, the" stratigraphlc~:iy high~st) outcrop in this part,.of the 
h,. ." , ''''!' 

Craigroy Bu~. :. :. c:.. 
, . . .. . "', . 

, ' ......... "'. 



Grey calcareous sandstones and. shales. At least 91 

Gap 25 1 

Red-brown sandstones, mostly f'laggy. Some 
yellowish layers. Grey-green spots in places. 
A few pebbly layers. About 401 

Gap. 51 

Red, brown and. sometimes greyish fiaggy 
sandstones. Pebbly layers. 25 1 

Small fault? 

Tough massive brOYll sandstone \lith pebbly 
layers. Green shale fragments near base 
(a deformed base). 

Red shale'with greenish spots 

Reddish fiaggy sandstones. Some grey-green 
spots and streaks. Some pebbly layers. 

Massive brown sandstone with pebbly base. 
Casts of mud-cracldng on base. 

Red shale~ Up to 

Red tough laminated sandstone. Contorted 
layers at base. 

Red and brown fiaggy sandstones. Some pebbly 
layers; . one near base contains red shale 
fragments. 

Tough, light grey sandstone. Somewhat hackly 
fracture, due to calcite cementation. 
Conspicuous network of casts of mudcracks 
on base. About 

121 

21 

121 

II 

'." Red shale, with a few greenish patches'and 
hard greenish nodules. llll" 

Tough reddish siltstone, with irregular grey" 
and green blotches ~ear ,~as~~ : ,. 'L,,:~ '.' '~i, ". 

~ ~i Tough red shale Yith thin s~'lenses. 
Green patches and hard nodules. 1 12" 

• ... ( -"'"," l" -. ., r. " t.,. ,,~W-': • •• ., 

'. ' -...... • ~ :} '. '! IV ,~, • ~ \, ' " .... •• ". :: ~_ :.... :. ~ ~,."" ',,;. 't ~ ~" .... Ae " '" 

Tough reddish siltstone with greenish blotches.. , , . > 

near.base. Top,surface ripple-marked.'· . c.'.:.' " ,- .~-, ll"~' " 



Red and grey sandstones. One particularly pebbly 
layer fills a channel cut in lower beds. At least 51 

The above section terminates at a set of f~u1ts, probably all 

small, whose effect seems to be a westerly downthrow of the rocks. Beds 

exposed a little upstream from the faults may be the same as some of 

those described above. The section is given below. It d;..5frers 1 somewhat 

from the one dowstream, but the red shales and siltstones of the two 

sections do match fairly well. The corresponding beds in each section 

are marked 'With an asterisk. 

Reddish fiaggy sandstone. At least 

Red or grey cl~. Up to 

Reddish flaggy sandstone 

Variable yellow to reddish massive sandstone 
resting on an eroded ba.se. 

Reddish fiaggy sandstone. Grey-green spots, 
especially in upper part. 

Grey to yellow samstone. Pebbly especially 
towards base. Casts of mud-cracking on base. 

Red shale with grey-green patches. Some small 
hard (calcareous1) nodules. 

Tough, well-laminated reddish siltstone. 

Red sandstone, with thin shaly partings, 
passing up into the above. 

Tough, well-laminated reddish siltstone with 
conspicuous ripple-marked upper surface. 

Conglomerate with abundant partings of red, 
yellow and. brown sandstone. 

Flaggy sandstones, mostly yellowish but with 
some reddish'layers. ' At least 

1'3" 

3" 

21 

1-21 

2110" 

41 

8-9" 

11 9" 

9t1 

121 

12' 

On th~ bend 600 yards E. of Meikle Daan, faulting again affects 

the rocks. Two more faults interrupt .the section below the next badd 



upstream and another just south of the foot bridge (F .B.) near Meikle 

Daan, brings a well exposed nodule-bed against sandstone. 

A suggested synopsis of the succession below the last mentioned 

l2-foot conglomerate iSI 

Conglomerate 

Sandstone 

Grey shaly sandstone 

Massive sandstone, grey to yellow. At least 

Conglomerate 

Sandstones, yellow-brown and grey towards 
top. Reddish towards base. Current-bedded 

Nodule-bed. Grey shales with nodules 
and calcareous sandstones. 

Sandstones, yello\.[,. brown and grey. 

Reddish current-bedded sandstone. 

12' 

12'-15' 

1'311 

416" 

12-14' 

50' ? 

9' 

4' ' 

100' ? 

The various parts of this sequence are found in the fault blocks 

A - E as show on tEnclosure 8., :,. t, '". 

The section of the nodule-bed south of the foot-bridge (D) is: 

Sandstones, mostly reddish, extending downstream. 

Tough, light-coloured, well-jointed sandstone, 
Basal deform"ations present. Variable. 

Red shale. 

Red shaly sandstone. 

l' 
"", . -

~' ... "'.. .... < , 

6t" Hard grey flaggy sandstone. 

Grey shale. 
" ~ :, " ; -.. ~.., ~ ~.;.." : I; ""'! ". -... "':~ ~~ 

Hard grey flaggy sandstone. 
" ">- ~ - " ,~ : -~~ "" , , ">. • 

Red shale. Grey sandy lenSes and a few small 
limestone nodules. 

Red to grey sandy shale, with shaly lenses. 
Nodules near base. 

It" 

10" 

8" 



Grey shale with nodules and'more extensive 
lenses of grey limestone. Some calcareous 
Siltstone. 

Light grey calcareous siltstones and shales 
with limestone layers. At least 

The nodule-bed has yielded no fossils, but in the shales of 

another bed downstream (C), branching "Hostimel1a", stems occur. This 

other bed does not show reddish shales at the top but these m~ exist 

and not be exposed. ,', About 4 feet of grey calcareous shales and 

sandstones dip strongly in towards the fault bounding the outcrop 

to the west, and the bed is probably thrown down westwards to reappear 

near the footbridge as the outcrop alrea~ described. 

A strike section (C) in the burn a little to the east shows. 

Grey shale, with lines of grey limestone . 
nodules. At least 

Irregular lenticular bed of light grey' 
calcareous sandstone. 

Tough grey sandstone with a thin shale above 

Light grey s andy shale 

Sandstones; grey, brown and yellow. M3.ssive 
and light grey a t top. At least 

1'10" 

6" 

6" 

4' 

The nodule-bed exposed by the footbri~ge may be eq,uivc:J.ent to 

the lowest one (1) seen in the Allt at Chlachain, the lowestored . " 

sarnstones (~. >~, 

Conglomerate. The sections, however, do not match very well. If 
, .-..... ,l ...... "", <,' ,""- " "'A'~' ;:., ; .~~ ;,. , - ~, ...... ,,:~ .••• '~ /'::":'''''')':''\''' -.-;",' '" 

one considers the possibility tha.t,a ,faulted~out nodule,":,bed,exis~s .. _, " 
tlt!'.,,~~" 1_ .... >' ...... ,~....... > .. ~- ~""""'.""""''''''' _.:'~~ ~'" '" .>_ ~,--q,},",~ .... ~-:'" .~4; "t' ........ " j ,t.'. , 

between.the:,conglomerates of,:fault-blocks.A &;J3,then cthe section may .... '-
-~-- - - ---------------_______ ~ _____ ~ __________ _.:. ___ .--.-___ ._ ... - .. ".' "" - .... ~.{ ... '.; ~ .,.'~" ~',">' Ii' 

be compared::wi th ~ the: strata containing nodule-beds 3, 4 and. 5. in "the 
<, ." - ,- • ~ - ~> -..., '!<" - ~.' ~ ;. '-" .... ')...... ,-', 

" 



• 

AUt a' Chlachain (p • .33), the intervals between the ncxiule-beds ·in 

both sections baing similarl 

Calcareous sandstones and Nodule bed (5) 
shales. 

Stra.ta 160' 
Strata 160' 

Faulted-out nodule-bed (1) Nodule-bad (4) 

strata 70' Strata 40' 

Nodule-bed b,y.footbridge Nodule-bed (3) 

Enclosure 9 has been drawn on the assumption tha.t the above 

correlations are correct. 

There'is, nevertheless, no great similarity bet\leen the 

successions, and the relation of these easternmost outcrops to those 

in the Allt a' Chlachain must remain uncertain. 

CraisroY Burn, between the foot of the Alit a' Chlachain and the 
neighbourhood of Baileacharn Bridge. 

044 . 

The rocks are well exposed in this part of the Craigroy Burn, but 

are cut by ma~ faults and it is difficult to recognize a stratigraphical 

succession. 

The lower part of the burn here shows conglomerate and red sandstone, 

._ the latei:!n. continuations of beds exposed in the lower part of the AlIt 
" y.;' ',"''''''-, .. , 

1. ' ' .. 

a' Chlachain. On. the bend. 250 yards due east of Little Gluich however, 

where ~ne might-~~ct to find the outcrops of the nodule-beds I and 2 
. - - ~-

of the type succession, there are exposures of disturbed red sandstones. 
: . - ,>." .-: ' , ~ -~, ",,'.', _,_, t: .. '~" ',!, ', .. ~~ ,~':"'1 "- '.' 

A fault, probably. cutting off. the nodule-beds and throwing d~wn w.es.t~ards 
' ...... -,' ",,,-l "',.,' '.:".~ J.. .. l" ... ;·;~:,: .. ·.,'.!· t-:'~: :", ': ,.','",;" ";" ;:-~-.~t ..... ';~ ... ~'." ... ;/ ~ '.:: ,'~ .~~\ '-<~l'_, 

is located a little above the bend, and is succeeded upstream b,y steep~ 
. '.," .;~ ~ ,'"\- ~ ,t.:' ' - ~':i"c~:. :' .,. '~~' ,~ ~_ . -) " . ~ ': .. : ~. "'; .... ,\' .• ~:., "'"... _, 

west-north-west dipping beds cut by smaller faults. ,- The. stra.ta 
.... t ">,,;-, :~""_,,,. .." ""~ ,~: ~. f. • ,', • ~ ." ~~ , } • ...;"., .~ , • '" ~ .; 
, . 

affected by these smaller faults contain two calcareous sh31e beds . 
• . ~ '..t -:.. !" : .. ~.<'" •. , . - '" - '''' ~,' .' ,.:.. ',I ,_~, .~:" ~', ,~ __ ,'" ~:, ,- ;:, .• ,',-'.. '" ~ ~,. 

which are very probably Nos. 3 and 4 of the All t a' Chlachain. The 



section {east of another fault bringing in conglomerate to the west)'isl 

Red sandstones 

Gap - several feet 

Light grey calcareous sandstones, and 
dark coloured shales with limestone l~ers 
or nodules. At least 

Small gap 

Micaceous grey shales and grey flaggr 
calcareous ,sandstone 

Grey and dark brown sandstones 

Gap 

Red sandstones 

Light grey calcareous sandstones 

Grey calcareous shales 

Grey sandstones 

Gap due to fault. Unknown but 
perhaps no more than 

Reddish closely-jointed sandstones. 
Red shale bands near base 

Massive, reddish and grey, we11-
jointed sandstones 

Thin bedded sandstone, mostly red
brown and grey. Layers of red shale 
and siltstone. : 

. i, Tough well-jointed light-grey 
sandstone. At least 

,~ , '; 

2'-3' 

35 1 

11 

201 

15' 

512" 

41. ' 

21 

The remairder of the Craigroy Burn exposures, up to the 

neighbourhood of Baileacharn Bridge,'show,red and yellow sandstone and 

conglomerate. ", .' It is suggested here that the numerous conglomerate 
. .~ .' ~. , . 

~ 

outcrops are all of a single bed, owing its wide distribution to 

The 



downthrows of the faults -shown on Encl. 8 are determined on this basis. 

of: 

The strata in this stretch of the burn are thought to consist 

Current-bedded red and yellov sandstones. ' 
Base hard and light-coloured, with some 
pebbles. At least 

Conglomerate, variable 
At least 

Red and yellow sandstones. 
At least 

55' 

17' 

,30' 

The sandstones below the conglomerate are best seen east of 

the small faulted patch of conglomerate near the bend in the burn by 

Little Gluich. The section here is: 

Conglomerate with reddish matrix. 
Rounded close-packed pebbles of granulite 
and. quartz. At least 

Gap. About 

Massive current-bedded sandstone. 
Banded in red and light-grey. Harder 
and flat-bedded at base. 

Soft massive sandstone, mainly in red 
and grey bands. Some tiny faults shift 
the banding. At least 

10' 

5' 

9' 

17' 

Sandstones above the conglomerate are best exposed about the 

vaterfalls below Baileacharn Bridge. Their probable equivalents 

occur vest of the fault of the bend by Little Gluich. The:section 

here iSl 

Massive soft sandstones, mainly red vith 
some yellov and' grey banding .: At least i, 

Tough grey, strongly current-bedded 
sandstone. At least 

55' ,., 

5' 
, '-

It is thought that the conglomerate may lie a little way 
.' • .... ) ~ ''', {, I' _ '.,' .... 1 .,~ '" ,> 

below this lowest sandstone.-



It is suggested that the conglomerate and sandstones are 

equivalent to part of the 150 feet of strata (largely sandstone) between 

nodule-beds 4 and 5 in the Allt a l Chlachain. If this be the case then 

the conglomerate must die out in that direction, or be cut out by a 

concealed fault in the Allt a l Chlachain. In addition, the conglomerate 

and sandstones must be younger than the strata containing two calcareous 

shaly beds east of Little Gluich, and the fault bounding these rocks 

must then be "normal", throwing down to the west. 

AlIt Muigh-bhlaraidh above Sluicuil. 

It is considered her~ that successively lower beds are encountered 

on proceeding upstream from the fault shown N.N.E. of Sluicuil to the 

fault bringing in the nodule-beds at Blackpark. The following section 

is suggested, with the comment that the relations between the "Massive 

grey sandstone" and the ."Red and yellOW' sandstones" are not well 

displayed. 

Sandstone, red and grey. Tough and 
calcareous near base. 

Red shale with,greenish spots. Sane 
contained layers of red siltstone bave 
load cast bases. 

Small gap. 

Reddish massive current-bedded sandstone 
wi th conglomerate lens. Load cast base. 

Red shale wi th a few 6il ty bands and .. 
greenish spots. 
I' -I _ .. ,1 

Red micaceous sandstone. Load ca.st base. 
"i '", .~_ 

Red shale 
.', ., • .io. 

.. r_· '" ~.:; ,::.:..-

Red-micaceous -sandst~n~ ~d;~hale 

Tough red<s~stonewith grey patches.: 
Current-bedded. Top ripple-marked. 

2' 3"_ 

l' 

., '15' 
-. - .~ 

l' 

l' ' .: 

1'4" 



Red shale 

Tough grey and red sandstone 

Red shale 

Red sandstone 

Massive gret sandstone in ver,y extensive 
current-bedding units, showing variable 
dips. In the burn N.W. of Sluicuil there 
are few, but ver,y persistent joints. One, 
trending 168 degrees 1s traceable for 55 
yards. In places along its course patches 
of pyrite impregnate the sandstone. 

Gap 

Red shales and thin red or grey sandstones 
with shale fragments 

Red and yellow sandstones. Current-bedded 
in large units. Colour-banded. These rocks 
are well displayed in the burn N.E. of 
Blackpark. Here small faults shift the 
conspicuous colour bands. Perhaps at least 

1'3" 

3' 

30' 

? 2'-3' 

3' 

301 

The N.N.E. 'fault near Blackpark, which appears to bring the 
. . 

sandstones last described against the strata containing the Blackpark 

nodule-beds, probably throws down to the N.Y., the dips steepening 

somewhat in this direction immediatelyS.E •. of the.fault. The strata 

with the nodule-beds would in this case underlie the red and yellow 

sandstones downstream from the fault. It does not seem that the fault 

interse:lts the burn lower down, and it probably dies out (implying a small 
• . •. _ i, 

throw) or changes its course to pass east of the downstream outcrops • 
., • ~ - , .... f 

Buff sandstone with reddish banding > aDd . , 
> , 

a few pebbles. At least 

Brown siltstone and. thin-bedded grey sandstone 

51 

.> .... " t::.!.n,_ 
" •• I .12 -~..,. , 

21 
, . 

\ ~ , 



Brown siltstone with seam of reddish clay 

Tough grey to reddish sandstone 

Red shales vi th small nodules 

Tough micaceous sandstone. Load cast base. 
Variable. 

Red micaceous shale 

Brovn sandstone 

Red shale and siltstone 

Thin-bedded sandstone with brown shale 
bands. 

Grey fiaggy calcareous sandstone. 
Transgressive base. 

Grey micaceous shale and sandstone 

Grey flaggy sandstone. Load cast base. 

( Tough grey shales with nodules and layers 
{ of grey limestone up to 3 inches ,across. 
( The limestone is commonest in the lower 

Blackpark 
Upper 
Nodule 

( 2 feet where it makes up the greater part 
( of the rock. 
( " ' , 

( Grey limestone - a,conspicuous band. 
~. { 

( Grey shales with layers and small nodules 
( of grey limestone. Layers of grey 
( calcareous sandstone and siltstone towards 
( base. 

Tough grey calcareous sandstone 

Shale, grey. Reddish towards base. 

Grey sandstone with a fev shaly bands. 

Shales. Grey to purplish at top. Brown 
towards base, ,with sandstone l~ers., At 
least.- - ".' - " , ' , ,,' ',. 

7" 

4" 

9" 

3 1 

113" 

*' 
11" 

51 

4" 

31ll" 

5" 

1111" 

$'" '" -" , ,_ .... 

• • . ,'" ... ' .. - $,.. !. ~'. . . ' '.. " ," j. r " < .:. ~, '., ~,,~ ,,,' 'I ~. 

Peach 'at SJ.~" 1912, Ii.' 139);' though'tliere is a' greater thickness "given -in 

the present account to the thin-bedded strata above the nodule-bed. 



~. 

Fish scales and spines, together with plant remains arc common in" 

the grey calcareous shales of the nodule-bed. Many of the nodules contain 

beautifully preserved uncompressed fish fossils, and as a locality for 

these the bed has been long known (as the "Edderton Fish Bed"). For 

the fauna see Appendix 1. 

The calcareous shales have been compacted around the limestone 

nodules, within which~however, the laminae sh~ little signs of com-

pression, except for ti~ taults. Further, the uncrushed character of 

the fish in the nodules suggests that the limestone became segregated 

into hard nodules before the compression of the shales. Tho nodules 

are probably of early diagenetic origin. 

Same nodules have calcite-tilled cracks. Others have cracks 

containing a black pitch-like substance of organic origin. 

Another nodule-bed outcrops further upstream. Between this and 

the bod just described there appears to be a fault, cr~sing the burn just 

beloy the mouth ot a small tril:Jutary. The section containing the 

second bed is: 

Flaggy sandstone. At least 

Blackpaxk Louer Nodule-beds 
Hard grey calcareous shlles with bands 
of grey calcareous sandstone and bands 
and nodules of grey limestone, especially, " "'"" " 
towards the base. 

}{assive yellow, brown and. reddish 
sandstone. At least -' - -.! 

2' 

" , 

11' 

The Blackpark Lower Nodule-bed'lacks; the rich fish :fauna~ of the- ',1" 

bed further. downstream. As the namings" adopted :here ' imply, the, bed 

just des~ribed is thoughtto ~be: ~tratigraphica1ly the lcn..rer of the two. 



The relations of the outcrops visible in the neighbourhood of Blackpark 

are suggested to be as followsl 

Red and yellow sandstones. Perhaps 
at least 

Faulted gap. 

Sandstone 

(N.N.E. fault) 

Shales and sandstone 

Blackpark Upper Nodule-bed 

Sandstones and shales 

Gap 

Red sandstono (steep dip in bod of burn) 

Faulted? gap. (by sm.al.l tributary) 

301 

? 51 

51 

131 

913" 

518n 

20-301 

Flaggy sandstone 21 

Blackpark LoWer-Nodule-bed 

Massive sandstone. At least 

11' 

713" 

The strata containing the nodUle-beds at Blackpark do'not match 

exactly with a.ny part of the sequence exposed in the Allt a l Chlachain. 

The Blackpark beds, however, most resemble nodule beds 1, and' 2, of ' 

that section in thickness and in the characters of the associated 

strata, and it is suggested that'the two sets of strata'are strati

graphically equivalent. The structural implications 'of this,'correlation 

are discussed on' p.127. ',. ,.' ,',,:" ~-. ~ .. ,', ~: , 

There are"poor exi>osuresof s'andstone further upstream' in the 

Allt' Mu1gh':'bh1ara1dh~ '. anti' 8180 in', the AlIt na Heine' to' the S.E.-·;:·' Their 

relations' a;re obscure.:' '-, The ground' is':probably faUlted.' :;;:" ,:.', :~,-,.;, c' 



VII (e) DRIDAIG CONGLOHERATE. 

Tho Dridaig Conglomerate is named from the Dridaig Burn, near 

Edderton, where it is exposed. The Conglomerate appears to dip 

below sandstones of the Upper Strath Rory Group which crop out to 

the south-east along the Edderton Burn (Enclosure 5). Its relation 

to themuch-deformed strata of the Craigroy Succession has been 

discussed on p.' with the conclusion that it overlies them strati-

graphically •. 

The Dridaig Conglomerate is equivalent in a general wa:y to the 

upper part of the Cnoc Fyrish Conglomerate in Strath Rory, but its top 

is probably older than the top of the Cnoc Fyrish Conglomerate. The 

mapping north of Strath Rory (Enclosure 2) implies ,this. ", 

outcrops of conglomerate are seen along the Dridaig Burn ,from 

just beloW' the main road CA.9) up to near Inchintaury where fiaggy 

sandstone, probably underlying the conglomerate, forms a small exposure. 

The total thickness represented is, about 100 ft. ,The conglomerate 
, 

is mostly massive and consists of closely packed pebbles with a:meagre 

red sandy matrix. Lenses of sandstone, a few inches .thick, and';. 

locally current-bedded, ,lie within the conglomerate about· 500 'yards ,'" 

south of Edderton School. The sandstone beds dip gently ,to the,S.E. 

or E.S.E. and the whole conglomerate probably:has a similar dip.' " 

The pebbles "~ the conglomerate range in ,size up, to one ,foot 

across, and ,are occasionally angular. : 1 Pebbles of siliceous Moine .",': 
.. -~... - - .. 

Schist are, by far the commonest." Pink granite,pebbles .are ,much fewer, 
J • - • "- - k" ~ ... , \ ' 

in number, but are nevertheless easily found in the outcropso 



VII (f) UPPER STRATI! RORY GROUP ' 

The upper Strath Ror,y Group comprises strata, predominantly yellow 

and red sandstones, which overlie the Dridaig and Cnoc F,yrish Conglomerates 

and which are overlain by the pebble-beds of Beinn an Lochain and 

~alnaclach at the base of the Balnagown Group. The top of the lowest 

pebble-bed in the Allt na h-Iolaire marks the base of the Upper Strath 

Ror,y Group in Strath Ror,y. 

The thickness of the Upper Strath Ror,y Group in the ground between 

Edderton and Tain is about .3500 feet. Further south, in Strath Rory, 

the succession is thinner because the top of the underlying massive 

conglomerates is younger there. 

Subordinate conglomerate bands occur in the strata immediately 

above the Dridaig and Onoc F,yrish Conglomerates while pebbly lenses 
, 

occur in sandstones throughout the sequence. Other subordinate beds 
'II ' " .... ~ .. 

include red shales 'and ocbreous-weathering grey siltstones 'With plant 

remains ("Hostlmella"). Beds of grey calcareous shales and sandstones 

'With plant remains occur near the middle of the sequence. These 

resemble the "nodule-beds" of the Craigra,r Succession, though they .. " 
lack the concretionar,r limestone bands seen in the Oraigro.y outcrops. 

The Upper Strath Rory Group forms the range of smooth-outlined 
,~ , :: ~~ "-~ 

hills extending from the Dornoch Firth east of Edderton to Alness. 
'. . ~ . 

",.,h-4'-,," 

The strata dip south-eastwards on the north-west limb of the 
- '.1 -.-', ,_,"~ :.'" L'·,· j - : : ,', _~ ~', ~ ~~~~'" .... _ ,'r • ", ~ :; ::~ 

Black Isle Syncline at an average inclination of about 10 degrees, and 
- """ • ! '" ~ '. ~ ;~, _: '~ .~ , < ~ ~, -,. ,.,-~, ~ 'A - ,: r ~. :, ,r,' > <flo 

have. given rise to well-developed features on the hills. In particular , " ~. ~ 
~ " 



the vestern face of Onoc an-t Sabhail above Gleann an Oba, as seen 

from the main road A836 in the neighbourhood of Aul tnamain, shows 

beautifully developed level features parallel to the trend of the face, 

which is itself a great strike feature.· Just below the crest of the 

hill there is a conspicuous shelf, backed by a steeper slope, and 

traceable for over a mile. Similar features on the northern slopes 

of Edderton Hill a.re illustrated in Pl. 4. 

No breaks in features that might be attributed to faulting have 

been observed, and in view or the widespread distribution of features 

over the outcrop o~ the Upper Strath Ror,y Group it is felt that there 

can be little roam for a~ important faults. 

Many of the features have been marked on the six-inch maps of 

the Geological Survey, and in the prepara.tion of one-inch Sheet 94 

most of them were transferred to that map and were coloured blue, 

giving the erroneous impression. that numerous beds of npsilophyton 

Shales" or "fish-beds" can be traced for considerable distances as 

outcrops on .the . hillsides in this area. 

The occurrence of features may indicate that rock is mostly never 

ver,y far beneath the surface. New Forestr,y Commission roads on 

Edde~on H~ll have cut into sandstone in several places, and the 

extensive ploughing undertaken for purposes, of afforestation. has . ;.:. ! .. 

turne~ up great quantities of loose bleached, sanistone. i :,The drift. ;: 1, 

cover. on the hUls is probably thin and patchy, although there may be:;': 
r - ~ • - J. ":. 

a great deal in the.valleys (for example ~in. the Allt Clachach). ;.~ •. ,:> 
<, _ ... • -. • 4:: ... ',- , .. 

\ .' Out of the burns,. hovever, ,outcrops are ,few and.poor.,:.'.:.There., 
• - • <; ~" -, ,,~ • 



are great spreads of loose sandstone blocks in places, in particular 

on the north side of Strath Ror.y about Cnoc an Duin, and also on the 

north-west slopes of Glen of Scots burn. Hardly any rock in situ 

can be found in these localities, but it cannot be far below the 

surface. 

The shaly beds are mostly useless as marke~'beds for purposes 

of correlation. It is, however, possible to make a useful correlation 

across Strath Ror.y, between the AlIt Trappie and the Alltan Donuill, 

by comparison of a set of "Hostimella" siltstones in each section. 

In the following detailed descriptions of the sections exposed, 

the thicknesses given are mostly eEtimated from dips, and breadth of 

outcrop across the strike, due allowance being made for relief. The 

thicknesses of the thinner rock beds (for example, the shaly beds) 

are from direct measurement on outcrops. 

The positions of the various natural sections within the succession 

are shown in Enclosure 5. The relations there indicated, and the 

size of gaps between sections, were determined from reasonable estimates 

of the dip over unexposed ground, from breadth of unexposed ground 

(measured at right angles to the strike), and b.7 making allowance for 

topography. 

The position of an outcrop relative to adjacent outcrops, therefore, 
~ ~ ~ 

is likely to be fairly accurate. In the direction of strike, 'hOwever, 

as one section is related b.7 this method to the next, 'errors 'must arise 

as the process is repeated. Consequently, one'c~t be 'at all sure 
that two horizons in widely separated outcrops, shown on-Enclosure 5 
~ 



as being on the same level, are in fact so related, although they may 

be approximately so. 

The sections are described roughly in order from north to south: 

Edderton Burn. 

The Edderton Burn has cut through deep drift, and here and there 

exposes solid rock. Red or red and yellow banded sandstone forms 

most of the outcrops and is frequently current-bedded. Pebbly layers, 

and layers containing red shale fragments are not unccmmon. About 500 

yards N.E. of }.Iilton, a distinct channel, cut into red and yellow 

sandstones is infilled with pebbly sandsto~e ~Pl. 12). 

The lowest beds (at Edderton Mill) are estimated to be, about 

SO feet above the conglomerate, in the Dridaig Burn. The outoropsrange 

through a thickness of about 400 feet, the highest horizons being 

exposed in the upstream outorops near Milton. 

Edderton Hill. 

A well marked gully, eroded along the line of an old traok, runs 

southwards obliquely up the western slopes of Edderton Hill, and 

sandstones are exposed at intervals, along its length. . The thiokness 

represented is about 400 feet, :and the lowest. out.crops are separated 

by a-gap estimated as representing 150 feet of strata from ,the uppermost 

rocks seen in the Edderton Burn. 

. The. sandstones. are red,yellow, and g~y. ::: Towards; the ,top ,.of the 

track, ,an old, quar17 shows a ten foot; face. of • sandstoneswhioh contain. 

pe bbles , and, shale fragments.:. Th~ rocks exposed lower down ~,the track 

are often rathe.r so!-,t and:inooherentL'~: Except for5,the.:.colour •. banding,.::, 

, ., 



in such rocks, stratification is not obvious. There are some layers 

with pebbles, and others extremely rich in flakes of white mica. 

Near the bottom of the gully, about 90 yards above the Bogrow 

Road, a smooth face of soft red and yellow sandstone is crossed by a 

light yellow band which is shifted repeatedly by small faults (Pl. 24). 

The faults were formed probably not long after the sediment was 

deposited, and the structure is likely due to some form of penecontempor-

aneous movement. 

Old Sea Cliff, Seafield - Eddertan QuarrY. 

The raised beaches, which are so conspicuous on the lower ground 

about Edderton and Tain, are mostly not preserved between the Edderton 

burn and Edderton Quarry. This is because the shoreline position did 

not change much here during a long period of altering sea levels, and 

a well marked line of cliffs and steep slopes was produced by pro

longed marine erosion. The foot of the feature was presumably washed 

by the sea until the period of the 25-foot beach, after which the low 

shelf on which the main road (A9) now runs, was uncovered. 

This cliff line is nov partly obscured by slipped material, but 

it still shows along its length numerous exposures, some of which are 

very clean. Red, brown and yellow current-bedded sandstones, varying 

from massive to flaggy, are exposed. They occasionally contain 
• '" l : • ~ ,t" ~ , " 

pebbles and shale fragments. The dip direction is oblique to the line 

of cliff, so that the apparent dips seen from the road are low. 
"'_;, - _ • ,_ , + -' ,( .. ,.' ~ '1> ::: ...,., /. .:' i t'"!. :'.~>:.~, ~ '- <,~: f 

Edderton Quarry, at the eastern end of the cliff line, shows about I. 

_."", ~, . l::' ~t',"_~r .. l-~L:,,,, .'~'; " .... :' ~:-.::.,_: 

50 feet of rock, mainly very massive current-bedded sandstones. A 



shaly band about.3 feet thick lies in the sandstones, about 20 feet 

above the floor of the quarry. It consists. of brow shales and. 

flaggy brown to grey micaceous sandstone, with a conspicuous one-foot 

bed of well jointed readily fissile brown siltstone. Towards the 

east end of the quarry, the shaly zone be~anes thinner, and the blocky

jointed siltstone dies out. Good·examples of convoluted current

bedding in sandstones are visible just to the east of the quarry 

(1'1$. 19, 20). ' . 

Three-quarlers of a mile e3.st of Edderton Quarry near Ardjachie, 

old quarries show current-bedded sandstones. 

The westermost outcrops in the cliff line, b.1 Seafield, are of 

sandstone with several conglomerate bands .Which are up to 5 feet in 

thickness. 

Red Burn. 

The section,in tho deep valley cut b.1 tho Red Burn is the best 

availabl~ in the Strath Rory Group. The rocky gorge may in places 

reach So-lOO~ feet in depth, and is barred b.1 rock steps and ledges 

which become waterfalls only after heavy rain on Edderton Hill.. At 

most times the burn is dry. 

Tho outcrops seen represent ~bout 1000 feet of rock, the only 

important. gap being near tho top where the course of the burn is ill . . . 

defined, below ~ho F~re~try.,C~ss1onboundaryfence. This gap 
~ '~ .... 

represents about,.150 f~'~f;gi~s'f~~ta~ >.~':''' ,> ' •• ::- •. ~ 

Therocks:a~e ~ost"entirely sandstonos, coloured red, b;~;~' 
_ .... ~.,..- ~ c. • ~ .. I ,,;: - .... - , - _ -

.\. _. ~ _ r.';. 'f' " .~ .... ,;, .. "':.. __ "1. : .... ~ 

yellow, . and; g~ey -: ~ :. ~r~~n : show ,. co;t<?ur-::band~ng or mot tling. . Cl:1rrent-bedding 
. - ,,-'" -.. ~. 



is a common structure, and layers with pebbles occUr:here and there. 

Some sandstone beds contain red shale tragments. 

For about 60 yards above the lowest prominent waterfall in the 

Red Burn (which is 'Zl0 yards from the road) the dominant'E.S.E. dip 

is replaced by a N.lt1. dip_ The actual turn over of the dip is seen 

in the bed ot the burn, 'Where a -thin,- variable, red and grey shaly 

layer is exposed. This dip variation is a ver,y minor element in the 

general structure of the rocks -and is ignored in the estimation of 

thiclmesses. 

The sandstone overlying the shaly layer just mentioned, has 

load-casts on its base. 

About 370 yards above the road (above a second waterfall), another 

shaly band is exposed. A partial section hereisl 

Massive sandstone. Irregular base bearing 
load-casts. 

Red shale and. siltstone 
Tough reddish siltstone, ripple-marked, 

forming ledge in bed ot burn. 
Red and grey shale with sandy partings. 

At least 

30' 

9" - 118" 

21 

11 

The rocks exposed in t he_ conspicuous gully at the head of, the 

burn (above the Forestry Commission fence) are chiefly ye11O'W' and 
• I:: -

brown sandstones (often ochreous). The section seen on the east. side 

at the top is of most interest: 

Thin bedded grey to brown siltstones with a 
zone of ochreous-weathering pseudo-nodules -,,
at the base. At least 

Grey to brow -clay c~' t-< c,y :. ':' .. '.": ¥ :,;'~.':.- ·~_'liL 

Sandstone, light grey, ye11o'W and brown ' 
with some ochreous bands. 

Brow and grey shale with sandy lenses. 
Ye11o'W and brown sandstones. At least 

" ". " , ,) -. 

11' 
1-!-211 

71 

The siltstone at the top contains ·a few nHostime11a" impressions, 



and is typical of the "Hostimella"-sUtstone lithology so frequently 

seen in-the Strath Ror,y Group. 

~o. 

840 Yirds to the west, on Edderton Hill, fragments of similar 

siltstone with plants, found in an old track,probably represent another 

"Hostimella" bed, about 300 feet below tpe one -in the Red Burh. 

A small gully on the hillside west of Tarlogie Wood shows 10 "feet 

of yellow flaggysandstones and grey or yellow sUtstones with thin 

clay seams. Plant remains occur here. 

Allt Clachach. 

The topmost outcrop in the Allt Clachach is a bed of grey-green 

siltstone, blocky jointed towards the top, and underlain downstream b,y 

sandstones, rather steeply dipping. The contact of sUtstone upon 

sandstone appears to be not a natural one, but a mechanical junction. 

The sandstone a short distance further downstream, seems to be in 

disturbed contact with a mass of grey clayey material, probably of 

glacial origin. It is likely, therefore, that the disturbances of 

the beds here are due to glacial action. 

A prominent cascade below the outcrops described, is made of 

massive hard sandstones. This outcrop is terminated downstream b,y 

joints and slickensided surfaces, trending mostly W.N.W. There is 

probably a W.N.W. fault here. 
, -,. 

Red and yellow sandstones are seen just to the south, and 
• ':'" J ' 

! 0.) ;'.~ • 

occasional outcrops occur below the very thick drift further downstream. 
, J . , ~ 'lI, ;:: ... ,... .!, • ~ ,-

, . '1 • ~ t • ,;" _)0.' 



Shore Exposures N.W. of Glenmorangie DistillerY_ 

For about 450 yards west of the Morangie Burn, rocks are seen on 

the foreshore. 

About 330 yard:Lwest of the burn, near an inflexion in the ' line 

of high water, an anticline in flaggy sandstones plunges gently north

wards_ Immediately west of this structure is a zone of shattered 

and closely jointed sandstones, usually yellow, but grey in unweathered 

cores. 

The westernmost outcrops are of tough light grey sandstones in 

lenticular massive and flaggy beds, dipping gently eastwards. They 

often contain brown-weathering calcareous nodules' and black carbonaceous 

markings (plant remains?). Some shaly layers are interbedded. 

East of the anticline first mentioned, a series of hard, flaggy, 

grey or yellow sandstones forms abundant outcrops on the shore •. Dips, 

generally towards the east at 10-15 degrees, are disturbed in places 

by folds, plunging north-eastwards. All the beds on t his shore are 

calcareous, and thin well-laminated dark limestone layers occur among 

the most easterly outcrops near the Morangie Burn. 

Tain Qua.rries. 
," " 

The quarries have been worked ver,y ext$nsively for building 
'. , . . .' - ! \..~: 

stone in the past, and the tmr.n of Tain is largely built of the yellow-
• • .. < 1;. , : '. ~ " ,/ ' , • ,!...:' J 

weathering freestone. 
\" ," 

Mos t of the old workings are obscured by 

overgrown waste tips, but sandstone is still visible in several old 
.-~.,.. -... ,,~: .- ~.'''.:<~;...; ": ''''.b',~:_' "~,,,,,:1 ,·:·: .. : ___ .. ..:'"c, ~ .,~ :.\:) .... :~ 

quarries. Recently (1954), a quarry lying on the south side of the 
. -~: ~, r~ . ~ ... ;'" : , .. ·i '7 "" , ,'1 ~ ; :,,;,,:: ~.~.' ,~,l·:.tl 

area of old workings has ?een re-opened and enlarged, and presents a 
t~.:,"_'~j .. ~. - ~ - -<; _~ ~"".: ~_ _ -' "', "~" ... ,..,. ~,.' ,." .,. 'l" • ii '~:.' 



$ood section of t~e4rocks, which are high in the Upper Strath Rory 

Group. 

The regional dip is 7-10 degrees E.S.E., and on this basis it is 

estimated that the old workings penetrated rocks within a thickness 

of about 150 feet. 

In the various outcrops visible, the dip':~r 'th~ 's~Zidstones 

is not completely uniform. Higher dips (up to 20 degrees) occur in 

the north-west part of the area of workings, and in some places here, 

conspicuous jointing trends mostly E. to,E.N.E. and dips steeply 
-' ,. , 

northwards. These tectonic disturbances have not spoilt the stone, 
- ~ . 

for near the zones of close jointing, old quarries show ver,y massive 

yellow-weathering sandstones with widely spaced joints. 

The present working quarr.y shown ver,y massive and Whitish 

sandstone, 'which brew into large joint-blocks. The yellow colour 

of the buildings in Tain is_presumably due to weathering of such a 

rock. 

The massive beds shov very little sign, of current-bedding and 

are of freestone; they tend not to sp:tlt pB.ra.llel ,to the lamina tion.~. 

The overlying rocks are flaggy and fissile light-coloured sandstones, 
, ' ~'~ ..-~ , 

which in places bear poorly preserved carbonaceous plant impressions • 
• _ , .. • : ~. , ,_ ' ;.- ,. - _ '~J 

Pebbles are 'scarce in these rocks. Sandstone, withlayers; ... ~ 
-. '.""" ~. ' ,~... . ~ -'" 

in the south-east corner of. the, area of vorkings. In the massive 
, • - _ l ' ~. <, i -0. _ ~ .'. ":.. _ • ~, ~ 

sandstone of the working quarr,y a large well-rounded cobble of 

siliceous Moine Schist, ani a few smaller pebbles, have been found. 

These stones were isolated, and not gathered in pebbly layers, and 

the sandstone immediately about them did not differ from the mass of 



the rock. It seems that the stones may have been dropped into the 

sandstone as it accumulated, possibly from floating vegetation. 

All t a' Chla.mhain. 

The section seen in this burn is: 

Buff shale (marked o~ Geological Survey six-inch map) 

Massive to flaggy current-bedded yellow sandstones, 
Layers with pebbles and shale fragments. 
Occasional zones of cOIIV'oluted bedding. There is a 
red shale band near the top. 

Yellow, thin-bedded sandstone with grey and. reddish 
clay bands near the top. . 

Rod-brown silty sandstone,. passing down into 
grey siltstone. This siltstone is finely 
laminated but not fissile,.and breaks into 
small blocks. Plant remains? 

Yeilow sandstones, ochreous-weathering at the top 
where it contains yellow-weathering calcareous 
nodules and shaly layers .and fragments. 

Grey siltstones and light grey clay. 
.- . 

SaDdstones. 

Grey and.brown silty sandstones with layers.of 
' .. light grey shale. Zones of cOIIV'oluted bedding 

in the sandstones. . 

160' 

4' 

4' 

, ! 

20' 

2' 

50'. 

a few feet. 

In the lower part of the burn, the rocks have in places a strong 
. . 

westerly component to their dips. 
. ' 

This is probably due to local and 

small folding, p~sSibly associated with a smaJ.l N.~'.~ fatIi ~~~tti~' 
.. . .' . ". .~. ", ,. I .•.. . ,.~ '. ". " 

off the bed of "grey siltst'ones and light 'grey'clay" before its 



AlIt na h-Iolaire. 

Seotion: 

Sandstones, commonly current-bedded 
Conglomerate) 
Sandstone ) show as one unit on Eno1osure 2 
Conglomerate) 

Sandstones: Yellow, red and brown. 
Often current-bedded. Some zones of convoluted 
bedding and .a red shale band. 

Very thin-bedded red sandstone, passing down into 
red siltstone with thin seams of ochreous-
weathering grey clay. At least 

Ochreous-weathering grey siltstones and fine
grained sandstones, with a few plant remains. 
There are black dendritic growths on aome 
bedding planes. Some convoluted bedding. 
Near the top, and again about one foot below, 
are lines of bun-shaped ochreous bodies, 
probably formerly calcareous concretions, but 
now a oft and completely leached. Red-brown 
shale near the bottom. At least 

Sandstones, mostly yellow and brown. 
Pebbly bed near base. 

Conglomerate, with yellow matrix. Sandstone bands. 
Variable. 

Sandstone. Brown and yellow •. Current-bedded 
in extensive parallel-sided units. At least 

Yellow sandstones, with thin pebbie-beds near 'top: 

Pebble-bed with yellow sandstone partings. 

100' 
7' 
2.!6" (variable) 

111 

S0-l00' 

,; 

, 5' 

150-170' 

6t-ll' 

15-20' 

80' 

3-4' 

Recently cut gullies on the hill immediately west of the lowest 

outcrops in the AlIt na h-Iolaire show much conglomerate. The rocks 
~ ,4 • co'.'" ,( ,""'-""_~ ~.~ :,. ... !f..i' .~. :.'.:"'~ ~.,i.:~ 

in the AlIt na h-Io1aire pass down, 'b,y increase of coarser material, 
, ,.. ~ 

into the Cnce Fyrish Conglomerate. 
. . 
"' -, .." 

-



A1ltan Donui11 

Section: 

Sandstone (occasionally viSible). 

Ochreous-weathering grey siltstones with sandstone 
at base. At least 

Yellow sandstones. 

Ochreous-weathering grey siltstones with thin 
sandstone beds. Plant remains. 

Yellow, often massive, sandstones. About 

Grey siltstones with plant remains. Thin beds of 
ochreous-weathering sandstone passing down into 

Mostly yellow sandstones 

60' " 

6' 

60' 

6-7' 

18' " 

300' 

Specimens in the collection of the Geological-Survey of Scotland 

at Edinburgh, were collected from this burn, possibly from both of 

the plant-bearing horizons. The specimens are numbered T1547 to T1559 

inclusive, and are all branched "Hostimella"-like stem impressions, 

typical of the ~tlddle' Old Red Sandstone of this area. One of the 

specimens, tramsferred to the "Northern Highlands" display in the 
" 

Geological'Museum, South Kensington; is there identified as 
- . 

protopteridium pinnatum, Krausel and Weyland, and shows part of a 

fertile fern-like leaf, sterile leaflets, and a leaf stalk. 

AlIt Trapnie. 

The valley of this burn is deeply cut . into solid rock, overlain 

by much drift, and the rocks are ~ll exposed in rocky gorges and 

waterfalls. 



Sections 

Sandstone, yelloy and brown, soft-weathering 

Grey rusty-weathering shales and siltstone. 

Flaggy brown and yello'l sandstone 

Hostly grey shales. 

Rust y-ve athe ring yellow or brown sandstone Yith 
thin layers of red and grey shale. 

Grey shale and siltstone Yith some soft rounded 
ochreous bodies. 

Yellow sandstones. 

Ochreous and grey clays and shales. Sandy layers 
towzrds base. 

Ochreous-veathering sandstone, with thin layers 

--

of hard grey shale or siltstone. Some plant remains. 

Yelloy and brown, often current-bedded, sandstones 
wi th some pale red banding. (The overlying bed 
passes down first into flaggy sandstones, then into 
more massive rocks, often stained by large ochreous 
patches. This distinctive patdhy rock outcrops in 
the burn for a distance of one-third of a mile, 
due to the fact that the stream gradient here co
incides with the apparent dip of the stratum, 
measured in the direction of the stream course. 
The overlyine shaly beds are occasionally seen 
above it in the valley sides). 

Red shales and siltstones. Seams of grey c lay up 
to 1 inch thick. Rows of ochreous bun-shaped 
bodies up to 3 inches across (leached calcareous 
concretions? ) 

Red and grey sandstones 

Sandstones, commonly current-bedded and mostly 
yellow and massive. At least 

IOn 

2'10" 

1 :·-Sf! t 

10-12' 

15' 

40-50' 

100' 

:. ' i . ~ , 



Al1t Riabhach. 

Towards the head of the Al1t Riabhach, on the north side of Glen 

of Scotsburn, there are outcrops of yellow sandstone. Above tho 

waterfall formed qy a massive bed, there is a much obscured outcrop 

of grey siltstone containing plant remains. Loose weathered b10clm 

of this ma.terial show bedding surfaces covered with "Hostime11a" 

impressions. (Fl. 6 ). 

The thickness of the siltstones is not greater than 10 feet

(as judged from the positions of adjacent sandstone outcrops), and 

is probably much less th~n this. 

Al1t Uisdein. 

A little to the south-west, in the lllt Uisdein, there are a 

series of outcrops of grey calcareous beds. These comprise grey 

f1aggy calcareous sandstones and grey shales. The sandstones in 

places shoW' sma.ll-scale current-bedding, and in some layers the 

bedding is convoluted. Both sandstones and shales contain numerous 

plant remains in places. 

The thickness of these rocks io 10-15 feet. They lie probably 

about 100 feet below. the stratigraphical level of the siltstones in 

the Allt Riabhac~. 

An Cao1as, Strath Rory •. 

At the foot of Strath Ror,r, the river runs through the post~glacial 
, 

gorge of An Caolas, in which there are excellent rock exposures (F1~te7). 

-The pre-glacial course was somewhat to the south of the present valley. 



Its drift infilling is exposed in the scar on the bend above the head 

of the gorge. The extent of the buried valley is revealed in records 

of boreholes sunk during an investig!1tion or the suitability as a dam 

site of the west end of the gorge. Boreholes 4 and 5 each passed 

through 120 feet of drift without reaching solid rock. The pre-glacial 

valley appears to have been much wider than the present one. 

The rocks in the gorge dip gently E.SoE. to S.E. but this structure 

is interrupted b.r a zone of faulting in Which relatively steep westward 

dips occur. (See pl",te7). 

-

(i) Section west of fault-zone: 

Conspicuously current-bedded yellowish sandstones 
with dull red bands. Coarser beds with pebbles. 
Flat-bedded and light grey at base. At least 

An extensive zone of convolution. Pale red
brown sandstone sends tongues up into overlying 
bed. Variable. 

Eve~ bedded light-grey sandstone. Load cast base. 

Red shales with beds of tough fine-grained sandstone. 
One near the top contains an extensive zone of con
voluted bedding 2" - 8" thick, 

Green shale passing down into red shale 'With grey
green patches (some hard and calcareous). 

Grey compact sandstone. 

Red shale, resting on light grey shale. 

Borehole 2 cuts through the second lO~lest bed: 

"Hard red sandstone (correspondS ,to u 8,inch grey sand
stone'above).<i~":'- ;"'-":"'". ;.~ r,-~",,::~, i r:. ': 

- ~~ ~ 

IIHard'biu~y g~yclaystone becoming softer in partsn -
"water fioYing freely, to "surface fran base of these 
beds". 

100' 

3" 

3' 

1'1" 

10" 

:: ~. : 

25'S" 



"Hard grey sandstone, some jointing. Traces of grey 
clay.". 20'1" 

This downward extension of the visible section therefore shoYS 

that 25 feet of what is possibly grey calcareous shale exists below the 

red shale beds. ' 

(ii) The faulted zone: 

There are several faulted outcrops of grey calcareous shale and 

sandstone, probably all part of the same bed. Westerly dips, up to 

18 degrees are prominent towards the west end of the zone. 

Section (composite): 
11assive buff sandstone •. Per~ps 
Grey calcareous shales and sandstones. Ripple 
marking near base •. Some plant remains. 
Massive greyish sandstone. At least 

, 20' 

IS' 
10-15' 

The main effect of the faulting is thought to be downthrow to 

the west. The faults bounding the grey shale outcrops dip westwards, 

as do two other faults in the sandstones a little upstream. Drag 

during the faulting movement is thought to have produced the westerly 
.... '. 

dips. Three smaller faults appear to modify this structure by throwing 

down to the east. 
: . ~ -

There is an outcrop of 6 f.eet of red and grey s hale up on the, n~rth 

bank of the river. This shale probably lios above the "massive buff 

Sandstone", but it does not outcrop at river level. 

(iii) Section east of faulteq ~one: 

Massive yellow sandstone. At least 25 1 

-, ,,'.::" - '~ 

Thin-bedded calcareous sandstones and shales 
with "Hostimella" :.remains.'··, :Bed:contorted and ~J'~,::;. ;~~'Y,~ e'.::y L,,: 
disrupted. Up to 5' 

.~~.,-:-,-, ~:~.-; .r.:,,~.t" (t~: .:~~~"./~r~··,<~ :"; 'r,_:,~ 't.:: .. ! ~r;:·~:'t~.:1 i:; (":~ .:~~:_~l-t_r~ ...,. ;' 

Yellow and red current-bedded sandstones 



Thin-bedded grey calcareous sandstone, 
siltstone and shale with plant remains. 
Convuluted bedding in some layers. 

Tough grey calcareous sandstone 

Gray shales and thin-bedded sandstone with 
some convoluted bedding. 

Tough grey calcareous sandstone 

Clay 

Flaggy grey and brown ripple marked sandstones, 
, passing down into red yellow and brown flaggy 

and massive current-bedded sandstones. Very 
. fine exposures in gorge. At least 

2' 

1001 

The'upper calcareous shale bed here is of particular interest. It 

occurs as disconnected, s anetimes overfolded, masses enclosed in the 

overlying sandstone, and is the remnant of a former more extensive bed, 

now disrupted. (see section X{f) and Plate 23). 
" 

'The calcareous s~ bed in the faulted zone (ii) has massive 

grey sandstone beneath it, and in the sandstone above it there may be 

--';.>r, 

7". 

a bed 'of red and. grey shale. It is therefore possible that it may be 

represented west of the faulte,d zone by part of the 25,feet of "hard bluey-f· ... ·t2 

grey claystone" which the borehole reveals beneath the red shales out

cropping at the west'end of An <raolas. Since about 100 feet of sandstone 

outcr~ between the west end of An Caolas and the faulted zone, the 

westward dmmthrow of the faulting here may, be about 100.feet. , 

It is suggested that the calcareous.shalebed,in.the'faulted zone:~'; 

.of An Caolas.is ,equivalent to the shales inthe,Allt:Uisdein.:.> :. :."::' 

To the 'east, the~ca1careous shal1,bed infue~faulted zone'may.be 

represented by the lower (undisturbe~) shaly bed which is of similar 

thickness., although the underlying sandstone differs somewhat. There is 



7/: I 

also no sign of red shales in the overlying sandstones. However, 

lateral variation may account for these differences. If the correlation 

is accepted, the fault at the eastern end of the faulted zone will have 

a westerly downthrow of 100 feet (see Enolosure 11). 

If the correlation is wrong, and it is clearly open to question, 

then the equivalent of the bedlin the faulted zone probably lies 

stratigraphically above the beds downstream, its outcrop being concealed 

by drift. This gives a greater downthrow to the west on the eastern

most fault. It is unlikely that the faults throw down eastwards, in 

view of their attitude. 

Other Exposures in the Strath Rory Group north of the liness River. 

Sandstones, mainly yellow, are exposed in Strath Rory below the 

foot of the Allt Trappie and 500 yards west of the head of An Caolas. 

Similar rocks outcrop on the east side of Cnoc an Duin and in the small 

burn north of Scotsburn House. 

Massive yellow sandstone with a mudcracked red shaly bed outcrops 

in the small burn 750 yards west of Inchindown. Upstream there are 

traces of grey siltstone with plant remains, 

Ochreous sandstone and grey siltstone is visible in a drain 550 

yards N.E. of Loch Achnacloich. 

Cnoc Navie is at present without exposures but the 6-inch Geological 

Survey map (sheet 53) records outcrops of siltstone and sandstone on the 
.... -."-' , "' ..... ~" 

southern slopes. Specimens of ochreous sandstone with plants, in the 
.~ '" ~ :. :'~ ... ....,. ,~', ~" " 

Geological Survey collection in Edinburgh, are from this locality. 
. . 

~ ~_\. ... 1.,.-" ... ", ~ ~ .... --

. , . 



VIII. BALNAGotm GROUP 

The Balnagown Group consists of a series of yellow and red 

san~stones occupying the axial region of the Black Isle Syncline in 

Easter Ross. Lithologically it does not differ greatly from the 

Strath Rory Group although no nodule-beds, such as are typical of the 

older group, have been detected in it. The chief basis for recognising 

the Balnagown Group as a separate stratigraphical division is its 

Upper Old Red Sandstone fauna. 

Traquair (1896 p.260) has recorded Psammasteus taylor! from red 

saIXlstones near Balnagown Castle, and Taylor (1910 p.47) has recorded 

traces .of Psarnmosteus, Asterolepsis and Holoptychius also at Balnagown 

Castle. Tarlo (1961) has recently redescribed Scottish Upper and. 

Middle Devonian psammosteids and haa shown that the species named 

p. taylor}. by Traqualr (1894) is identicallolith P. megalopteryx 

(Trautschold). It is therefore probable that the Balnagown psammosteid 

is P. megalopterYA,.and this points to the correlation of the Balnagown 

sandstones with the Alves and Whltemire Beds of the Upper Old Red 

Sandstone south of the Moray Firth (Tarlo 1961. Table 1). 

The only stratigraphical boundary of the BalnagCMn Group in the 

area surveyed is its base wich is arbitrarily taken at the base of the 
, "') -- . ~ \. 

pebble-beds of Eleinn an Lochain and Da.lnaclach. South of the .Moray~ .. 
. ' • ~ t:;. ,. ..: ._ 

Firth Horne (1923 p. 82) has recognised. an ,unconformity s.epar8:ting,-the 
'. • J: "" " ~. , '" • '" .. ' ....... ' , ' ... ~ 

Middle and Upper Old Red Sandstone, but there is no clear evidence in . 
I .. .. 

Easter Ross of a stratigraphical break betlleen the Strath ... Rory .. and .. 
) .,..:.' • • • .' ... ~ , ",,,' " \c"" ' \- _ ",. .....' :>' ~ 

Balnagown Groups. 
. "" 

I ~ • ~ .... 

~ ¥, ,~ "......~ 

The Balnagotm Group is poorlY exposed over most of the area surveyed, 



since its outcrop is almost completely masked by drift and raised . 

beaches. The principal outcrops are in the Balnagown River and in the 

~die Water, south of Tain. 

Balnagown River. 

73. 

Pebble beds and pebbly sandstones outcropping in the river near 

Dalnac1aeh are thought to be near the base of the Group, and in practice 

have been mapped as the base. 

Further downatream, massive, mostly red and yellow, sandstones 

dip at angles up to 20 degrees E.S.E. 

Pale red sandstones, dipping at about 20 degrees appear qy Souter's 

Island. 

Between the weir, one-third of a mile N.W. of Balnagown Castle, and 

Balnagown Bridge, exposures are frequent and extensive. The sandstones 

are mostly red, or less commonly yellow, and are sometimes colour-banded. 

They are current-bedded and commonly contain pebbles of Noine granulite 

and red shale fragments. The rocks are usually rather soft, and not 

firmly cemented. True dips are not always readily determinable in 

this neighbourhood. They probably var.1 from 10 to 15 degrees, E.S.E. 

to S.E. 

South:east of Balnagown Bridge, the river section shows soft red 

and yalloy sandstones similar to those upstream. Most exposures are 

in the neighbourhood of Tarbat House, where the average dip is 7~10 

degrees~ 
-: f, 

Assuming an aver~ge dip of 15 degrees for the rocks bet~ee~ the 
~ ...' • ::, '. ~ -, '< • ~>;.' ~ ,r 0 , .... , ,.:~: '. t ' , ' ~ '. , zr t 1, .:. ~ , _~:,~ • ~. ',' 

pebble-beds at Dalnaclach and those at Souter's Island, their ~hi~kness, 
~ . ... ' '_ .: ~ :., '. ~ _'...." : ~ ~ . ~ !. ~ -r • >' ~ " " '. • I.' ~ '.. "'. 1'"'. ~ 



if undisturbed by unseen flexures or faults, must be about 1500 ft. 

Similarly, the rocks between Souter's Island and Balnagown Bridge must 

have a thickness of about 1000 ft. (on an average dip of 12 degrees). 

A further 1000 feet is estimated to exist between Balnagovn Bridge and 

the axis of the Black Isle Syncline, the assumed average dip here being 

8 degrees. 

Thus, unless there is much hidden faulting, the Balnag~ Group 

may attain a thickness of 3,500 feet on the west limb of the Syncline. 

Aldie Water. 

74. 

For about one-thi~ of a mile west of Quebec Bridge, on the road 

from Tain to Scotsburn, sandstones are seen dipping E.S.E. at 10 degrees. 

The rocks are current-bedded, reddish or grey, and are commonly coarse 

and pebbly. There are two red shale intercalations, and red shale 

fragments occur in the sandstones. The thickness of the rocks exposed 

is about 150 feet, and they lie near the probable base of the Balnagovn 

Group. 

Hugh Miller Jun. (on Geoloeical Survey six-inch Sheet Ross 41) 

records IIpart of bony fish plate, such as might have belonged to a 

Bothriolepis" from these rocks. If Bothriolepis does occur here, the 

palaeontological evidence for the Upper Old Red Sandstone age of the 

Balnagown Group is sound (Westall 1937). 

Beinn ~n Lochain 

This bold north-westward facing feature is formed b.1 a bed of 

pebbly sandstone. The exposures are not extensive, but it is thought 

they represent about 50 feet of pebbly strata. The present (1954) 

small exposures are nearly all due to the uprooting of trees during the 



75: 

stom of January 1953. 

The rocks here are thought to be on about the same horizon as 

those near Dalnaclach, at the base of the Balnagown Group. 

Larnineton Quarry. 

Yelloy and brown current-bedded sandstones vith variable shaly 

lenses are visible in this quarry. Rounded pebbles occur in some layers. 

" , 



IX. PETROORUlHY OF OLD RED SANDSTONE. 

IX (a.) Struie Group 

The rocks in this Group show a wide range of average grain size, 

comprising conglomerates, sandstones, siltstones, shales and mudstones. 

A general characteristic is the dullness and monotony of the colours, 

usually greys and browns, and in this respect the rocks differ greatly 

from the red and yellow sandstones of the Strath Rory and Balnagown 

Groups. 

Another conspicuous feature of the group is the thinness of 
,. .' 

individual beds. ,These are not, as a rule, as much as 6 inches thick, 

and are usually considerably less. The conglomerates of the Struie -

struie Hill ridge are exceptional in that they are commonly extremely 

massive rocks. 
'-

o onp;lome rate s • 

The conglomerates are usually massive rocks composed of tightly 

packed rounded boulders, up to 2 feet in diameter, held together b.1 a 

sparse matrix of coarse sandstone with small pebbles (Pl. 28). The 

size of the large conglomerate blocks on the scree below Creag na 

Oadhaig testifies to the massive nature of the rock, and to the wide 

spacing of its jointing. \ : ~ 

The finer matrix of the' conglomerates and the more pebbly flags 

may be calcite-cemented.' Very 'often the ve-athereci ·sUrfac~· of the :,;':1.. 

matrix appears porousj'probably due' to solution of 'acalcite"cement. 

, In other examples',-' the' small pebbles! 'arid -'grainS -of 'the sandy , •. 

matrix a'ra v-ery close set, and very little cement, apart from some 

iron oxide, is visible in a thin section (Pl. 31). --{" '1 0, ~ ~ ... -t-",· 
.i, ,,' ~;;" cl. ,.. ,! 

.. "': 
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Sandstones. 

A very common rock type is a tough flaggy sandstone, which usually 

occurs in thin beds separated by finer-grained partings. This rock is 

calcite-cemented, and the outer weathered zones of outcrops often appear 

porous due to solution of the calcite. 

The unweathered rock is very tough and compact, and is not very 

porous. So effective is the cementation that prolonged crushing 

gives only successively smaller rock fragments, and does not yield the 

original sand grains of the sediment. 

The fracture is somewhat hackly, smaJ.l spiky fragments set on the 

fracture surface give the deceptive impression that the rock is quite 

coarse-grained. The actual grain size of the rocks is small. In 

the Lochvie Burn outcrops, most examples can be termed very fine-grained 

sandstones. Many rocks here, with very similar cha~cters, are more 

properly termed siltstones. On Struie Hill the rock is usually coars~, 

and quite frequently thore are layers with pebbles. Fine-grained and 

some medium-grained sandstones arc the common types here. 

Lamination is shown by the orientation of muscovite, biotite and 

chlorite flakes, and by the presence of bands of finer-grained material. 

From the more thin-bedded rocks, hand specimens showing many such bands, 

may be collected. Unevennesses of the lamination may be a scribed ,to 

small-scale cross-lamination. 

The colours of these sandstones are not striking. ,They .are. dull ., .". ' 

grey or brown .in the unweathered state. The weathered crusts are 
--. ~ ,,~ 

lighter coloured:" pal.e brown is,th~ typical colour ~r. ma~.,ou~crop~ 

on Struie Hill. '. 

_' The· toughness and compact nature of the rock is largely due. to the 



presence and te~tural relations of the calcite cement. When in small 

proportions, the calcite appears in thin section as small widely 

scattered patches, irregularly penetrating between the clastic 'grains. 

In other rocks it is much commoner and occurs extensively throughout, 

largely separatirgthe sand grains and other clastic constituents from 

one another (PIs. 32 and 33). It may exceed 50 per cent of the rock in 

a few exceptional examples. 

There is a very intimate relation between the calcite and the 

sand grains, for the cement does not merely lie between the grains, but 

replaces them along their margins, and sometimes' along cleavages in 

the case of feldspars. The contacts of grain and cement show minute 

crenu1atio~. Small lobes project from the calcite into the mineral 

it is replacing, leaving sharp cusps between the lobes (Pl. 34). Thus 

the grains are very firmly bound together. 

Iron oxide occurs as granular patches in most of these rocks. 

Brownish sandstones, found particularly oh Struie Hill, contain rather 

more iron oxide, which is present throughout the matrix as brown patches 

and is especially common in the finer bands. Frequently it coats sand 

grains (Plo 37). 

l.Jhere the calcite cement is less abundant, the sandstones are seen 
• •. .l r.:. ... ,-:'.. A ~ ; 

to consist of a closely compacted agg~gate, which in th~.finer grained 
, < -,~' "' 

rocks contains much dark material, micas and chlorites. Close contacts 
> .'~ I. .~:,,~ ~.~'~,,,,,~~,,. ,~~ •• ,-:=-.-t':;;-J ~:.:; t 1- ',':!'I. "1.!t. .-' 

of clastic grains are best seen in rather coars~ rocks where ,they , 
• ,.. ' .':;' '" ~_ ._ ... ~ ~ •. :_: .... " .J. __ -.-'.":t.~.~.,, ~ .... .;;.. '-~,~'",~ ", ,,:.: ,-- : .. ':fJ. ;:,:". 

appear to be interlocking. This is well shown in a specimen from a 
'--"./";'.", .,', i' ~~.,;f; "'r<_," --' ~ .... -'-.~'.~' ~-•• r .". ~,,4~,': ,-.~J.,: ......... ,_._l....~'" ,,~', ,0";- <" .. ;,,-: ••• ~: 1 

zone of shattering and quartz-veining a~ the he,a,-d of ,~he burn in the 
-', .::;",-;" ':.; ..... :.~ .. '\, .. .;:..:. ••• ~.'f .t " ..... ',~, ~ ~.' .... , , .~ .. '.-,,, .~ .~. ~~~ .:.. -' ,~-- ... ,~"" ~"'", -; " •• ,.. 

Coire l-ior(Pl •. 35).· It is thOUBht, that. this texture. is due .,to compaction, 
~"'.~.l" -i"'..r~~~~.~':'~ ":. ... ~ ". , ~ ~'~,.[ .... -'"'t' '." ~( ..-- - _....:: ... io.,. ""~~--n_,' ,'<' ~~ --, •• -.~ 

accompanied b.1 some solution of the grains at their mutual contacts. 
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Brown Siltstones. 

Brown siltstones (and some related brown fine-grained sandstones) 

are common in ~he Lochvie Burn outcrops. They are generally well 

laminated rocks. Some are fissile, while others break readily across 

the lamination. These rocks are characterised b.y a higher iron oxide 

content than most rocks of the Strule Group. The iron oxide is most 

abunda.nt in the finer layers, and is a very conspicuous feature of thin 

sections (Pl. 36). 

Calcite is very variable in quantity, and is often in very small 

proportion. Scarcity of calcite probably accounts for the rather 

"earthy" fracture and relatively high porOSity of some rocks. When 

calcite is present, it is commonest in the ceara&': bands. 

Brownish rocks lying chiefly in the siltstone ca.tegory are found 

also on Struie Hill. Here, they often possess a hackly fracture, due 

to their calcite content (Pl. 37). A common type is a minutely cross

lamina.ted siltstone Yhich often forms massive bloc~ outcropS, and 

tends not to split readily along the bedding (Pl. 15). 

Grey Siltstones and Shales. 

The grey sandstones of the class first described, pass, b.y decrease 

in grain size, into siltstones. These are similar to the brownish 

siltstones and often contain sandy bands, usually Yith calcite. 

The more exclusively fine-grained rocksJshales) are often quite 
" .:, 

fissile and probably contain a fair proportion of clay minerals and , 
- • ,,: - t:' 

other clay-size material; , These abundant flaky minerals.have a strong 

common orientation. This is well seen under the microscope, Yith 

nicols cr~sed, and a length-slow quartz plate inserted at'45 degrees 

( 
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to the vibration direction of the analyser. When the trace of the 

lamination is parallel to the length of the plate, the thin section 

assumed an overall bluish colour. When the section is rotated through 

90 degrees, it appears yellow. The bulk of the flakes in the rock 

must therefore have a positive elongation, and they are sufficiently 

unifo~ orientated, parallel to the lamin~tion, to 'give a reaction 

to the optical test such as might be expected from a single crystal. 

The colours seen are the cumulative result of those produced in the 

many small crystals present in the rock. 

Calcareous Mudstones. 

Tough light grey non-fissile rocks of mudstone type ~ found 

in the region of finer-grained rocks away from the Struie - Struie Hill 

ridge. They are well seen in the Lochvie Burn N.W. of Requill, in 
~ '''' ... ~ 

the Allt a. 1 Chlachain about the Waterfall, and in the AlIt 11uigh-bhlaraidh . , 

about the road bridge (A836), where they are much contorted. Exposures 

in the beds of the burns are smooth and waterworn, since the mudstones 

are quite soft and readily abraded. Out of the stream beds, the outcrops 

may ShOll a yellowish weathered outer crust. 

These rocks arc made of material which is almost exclusively in 

the silt and clay grades. An import~nt component is light coloured 

finely crystalline calcite, which often contains rather diffuse darker 

bands. The dark bands contain flaky and dark minerals (iron arlde, 

micas, etc.) and a few isolated sand grains. In other examples, these 

minor components are more uniformly spread through the'calcite. 

Occasionally the calcite appears very pure ani ,s,tructureless. 



In the Lochvie Burn near Requill, the ,mudstones contain a few 

nodules of light grey limestone in places. The nodules are up to 

about one inch thick, and are flattened in the plane of the bedding. 

Hand. specimens show a coating of soft calcareous mudstone around the 

limestone, which breaks with a splintery fracture. The limestone 

appea.rs to pass into mudstone, which sometimes has smaller limestone 

bodies it in. Small faults, due to adjustments during compaction 

of the rocks, are sometimes visible on the margin of the nodules. Under 

the microscope, the limestone appears ver,y fine-grained and homogeneous, 

consisting almost entirely of calcite. The nodules have been searched 

for fossils without success. 

In Coir'an Tuiro, thin bedded sandstones with shaly partings 

sometimes contain thin layers of light grey calcareous siltstone. 

Small solution-weathered limestone nodules are very occasionally found 

in a similar situation. In these instances, the associated sandstone 

bands are richly calcareous {Pl. 40). 

, 
..; '-

"" .. - - ... ~ 
, • > 



n(b) STRATH RORY GROUP 

The Strath Ror.y Group is made up chiefly of red and yellowish 

current-bedded sandstones whose grain size is usually fine or medium. 

Coo.rser material occurs as intercalated pebbly layers, or as thick 

conglomerates, especially towards the base of the Group. 

The rock fragments in the conglomerates are usually well-rounded, 

in contrast to the grains in the sandstones which are generally angular, 

the conglomerate pebbles are often closely packed in a sparse matrix 

which is usually reddish, and bedding is s anetimes obscure, the rock 

being massive and homogeneous. The sandstone matrices of conglomerates 

are cemented in a similar manner to the other sandstones of the Group. 

They are occasionally rich in calcite. Exposed surfaces are often 

leached, where water percolating between the pebbles has softened 

the matrix. 

The sandstones var.y widely in details of texture and colour, but 

as a whole they have common characters which clearly distinguish them 

from sandstones of the Struie Group. The colours are less dull and 

monotonous - grey, buff, yellow, brown and red, and there is often 

conspicuous colour bandine or mottling. The rocks are generally softer, 

and can be broken fairly readily into their constituent grains, sometimes 

between the fingers. They are more porous, the pore space being . 
/ - . 

usually not calcite - filled as in the S-truie rocks. The bedding is 

less striking, the partings are wider spaced, and in general there 
, A ,~_ .. ~ ~ _ ,~,_ ", t'·"., 

is a lack of the conspicu~us lamin~tion Which is so characteristic 

of the Struie rocks. In ma~ cases the beds are massive • 
. ' . , 

. : . 
• "" .• '" ....... <.,~ ",. ., r _ - • ., _ J "- ~~" 
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Muscovite, biotite.and detrital iron ores are constant accessories 

in these sandstones, while detrital chlorite is also widespread. In 

some rare and distinctive thin bands the micas are the dominant 

constituents. 

Thin red shales are not uncommon in the Strath Rorj: Group. They 

are often associated with tough reddish calcite-cemented siltstone beds, 

'Which are minutely cross-laminated. The red shales sometimes contain 

small calcareous nodules and frequently have greenish spots. 

3:1 .. . , 

Especially characteristic of the upper parts of the Group is the 

"Hostimella"-siltstone lithology (the npsilophyton Shales" on the maps of 

Hugh Hiller Jun.). These rocks are ochreous-weathering grey siltstones 

which usually contain plant impressions of "Hostimella" type. The beds 

pass vertically b.r ~ntercalation into the commoner sandstones. In the 

AlIt Riabhach, fragments from a bed of nHostimella" - siltstone contain 

rounded calcareous concretions, while leached ochreous concretions of 

similar type occur in a bed exposed in the AlIt na h-Iolaire. These 

beds are probably all calcareous to sane degree. 

What has been termed the "nodule-bod lithology" is a particular 

feature of the Craigroy Succession. Here, there are several bods of grey 

or dull purplish c3.lcareous shales containing nodular layers of grey 

limestone, and intercalations of light grey highly calcareous sandstone 
\" \ . t' 

or siltstone. The nodules are of early diagenetic origin and fish 
," I 
" 1'''' ~ .. ~ _0'" ' 

remains are sometimes preserved uncrushed within them, as at Blackpark • 
. ' ~ ~ . 

Plant remains occur fairly commonly in the shales, sometimes with fish 
" ': '>: .. t ;:,:-1'~~ :,-·a_ ~ < t ... ;: )0 ~ 

scales and spines. 
~".~:> ~~"-:¥~-' :'''.' " 

The nodules are composed largely of calcite, in which are embedded 



occasional corroded quartz grainsl specks of iron ore and chlorite 

flakes. They are usually bandcdl thus preserving the original.lamination 

of the sediment in which they grew. . Nodules of limestone from the 

Struie Group-in the burn north of Requill l show disturbed and broken 

lamination about areas of a structureless limestone~ These may have 

developed in the rock after it was compactedl thus differing from the 

Oraigroy nodules. 

The varying characters of the sandstones of the Strath.Rory Group 

are largely due to variation in the type of cementation. The cements 

comprise iron oxidel authigenic silical kaolinite and calcite, with less 

conspicuous quantities of sericitic and chloritic material. These are 

descrt bed below. 

I' 

Iron Ox:ide. 

Iron oxide is most abundant in certain dark red sandstones l foming 

a dense matrix and also coating the sand grains. In yellow, buff and 

grey sandstones the oxides are distributed more thinly through the rock. 

In the banded or mottled rocks the yellow or grey colours appear to 

be the result of patchy removal of red pigment and it is possible that 

some sandstones now entirely yellowish have been altered from originally 

red sandstones. 

The bands of decolourisation usually follow the bedding of the rock 

and are commonly related to joints. It therefore appears· that, the c: 

reduction of the iron oxide and its removalin.ferrous fom·has been 

accomplished by percolating solutions after the formatic:n.of, jointing 

in.-the rock., ,Isolated decolourisation,spots owe;.their.fomation to 



reduction b.r organic material occasionally visible as carbonaceous 

specks in the centre of the spots. 

It seems clear that the iron cements are liable to redistribution 

b.r solutiono, and the process is probably still continuing. 

The colour.changes have been nearly all red to yellow, and the 

conclusion is that the sandstones were deposited as largely'red sediments 

with the red oxide as a detrital sediment or as a precipitate fram 

co1Jcijdal ferric oxide" in the form of grains and as coatings around 

clastic fragments. The almost complete absence of red.colouration 

in the nodule-beds and the "Hostimella"-siltstones is explained.. b.r 

supposing that the reducing conditions" set up in the presence of 

abundant organic material at the time of deposition" destroyed the 

colour of any fine red sediment laid down. The red sha1e~ were 

presumably deposited in non-reducing conditions. They are barren 

of recognisable organic remains, but do contain occasional reduction;. 

spots. 

Authigenic Silica 

.{ "" 

Enlarged quartz grains occur in marv rocks" mostly those which also 

contain kaolinite. Occasionally authigenic silica appears "to constitute 

the only cement apart from the ubiquitous iron oxide. The enlargements 

are usu~ conspicuous in thin section because the original clastic 

grains on which they grew have a thin,coating of iron,cocide preserved 

beneath the new growth. The. authigenic quartz is:usually.sanewhat 

more transparent than the .clastic grains. :'.In same examples, trains of 

in<tl.usions wi thin the sand grains clearly terminate at the boundary 



with the enlargement. 

The enlargements from adjacent grains often interlock to give a close 

texture (PIs. 41 and 42). A tough rock is not thereby produced, however, 

for the enlargements do not interlock everywhere. On the,contrar,r, such 

quartz-kaolinite cemented sandstones are usually easily disaggregated. 

Occasionally, cr,ystal faces are developed on quartz-enlargements which 

have grown out into voids without interference. 

No authigenic silica has grown on chert grains. 

A mineral identified as kaolinite is found in most of the sandstones 

examined, and occurs in both the red and more yellowish rocks as fine

grained colourless aggregates, occupying the spaces betveen the clastic 

grains around which it is usually moulded (Pl. 42). 

It is commonly present in rocks which' also contain authigenic 

silica, but the two cements tend not to lie in contact. The quartz 

enlargements seem to be less conspi~ous near the kaolinite-filled spaces. 

Quartz grains in contact with kaolinite usually appear not to have 

enlarged. In a few places Where contact of quartz enlargements against 

kaolinite has been observed, it appears rather irregular (Pl. 46). 

The relations may be explained by supposing that the quartz outgrovth 

took place after the kaolinite - cementation. If the quartz had grown 

out into a void, later filled by kaolinite, it would probably/have .. ' 

developed cr,ystal faces. It would probably have grown too, on the 

many quartz grains which show no enlargement at all. , ""', ~, '< " 

..... \ .. ' ,.. , \~ 



The aggregates of kaolinite I1hO'W' no signs of having been crushed 

between clastic grains. The occasional spheru1itic textures, in .. 
particular, are quite undisturbed, and it is likely, therefore, that 

the Kaolinite has come into place after the compaction of the rocks. 

Calcite. 

While not so abundant and widespread as ih the Struie Group, calcite 

is nevertheless fairly common in rocks ,of the Strath Ror,r Group. It 

occurs in both red and yello\Olish sandstones. Out of 63 dominantly 

quartz-kaolinite-cemented sandstones from the Strath Ror,y Group above 

the Dridaig Conglomerate horizon, 15 contained calcite. From the 

Craigrqy Succession 13 out of 16 sandstones contained calcite, and in 

6 of these it was the sole cement, apart from iron exide. 

Wherever present, the calcite appears to replace the other minerals. 

When in small quantity it occurs as tin9 ragged patches and tongues lying 

between clastic grains. When in greater quantity it ramifies throughout, 

obviously replacing the quartz and feldspar, mostly from the grain 

margins inwards (Pl. 44) but it is also often seen that replacing calcite 

has appeared as ragged patches within the grains (Pl. 34). 

The calcite replacement has reached its greatest development in the 

sandstones and siltstones of the nodule-bed lithology. In some of these 

rocks the proportion of calcite exceeds 50 per cent (they may be called 

ns~ limestones") and the much corroded clastic grains are separated 

~ extensive areas of cement. 

Calcite also probably replaces kaolinite. The replacement appears 

to begin along the contacts of the kaolinite and the clastic grains. 



Small calcite patches also develop within the kaolinite cement (pl. 47). 

Cementation Seguence. 

The folloYJing age sequence~ is thought to hold good for most rocks 

of the Strath Rory Group. 

1. Deposition and Compaction, Red iron oxide deposited as detrital 
material or fran colloidal suspension, coats sand grains. 

2. Infilling of voids b.1 kaolinite. 

3. Quartz-enlargement. 

4. Cementation and replacement b.1 calcite. 

Redistribution of iron oxides probably took place at more than 

one subsequent period. 



n(c) BALNAGam GROUP 

A few of the sandstones of this Group have been examined 

microscopically. Their cementation is mainlY by quartz and kaolinite 

with occasional calcite. 



IXed) DIAGENESIS 

The diagenetic processes which resulted in the lithification of 

the sediments are discussed below, with more special emphasis on the 

cementation. 

Compaction. 

This has obviously been most,important in the finer-grained beds, 
• 

which have been converted from original soft muds into tough shales or 

mudstones. Apart from the well-orientated fabric of flattened flaky 

minerals, the process has resulted in few conspicuous structures. 
I 

In the Craigroy nodule-beds, the arching laminae over early diagenetic 

limestone nodules together with the associated slickensides have formed 

during differential compaction of shale and limestone. That sandstones 

have been compacted is best shown b.y the presence of mica flakes, com

pressed and distorted between sand grains. 

Cementation. 

Cementation of the sandstones has been achieved mainly b.1 the 

introduction of precipitated mineral substances. 

In the rocks of the Struie Group, the only obvious cement, apart 

from the ever-present iron oxide, is calcite. No undoubted quartz 
_, A , ' 

enlargements have been observed, but ver,r close textures are sometimes 

seen, with inter~ocking grains (p~. 31). 
• ..' 1 _ ... ;;. ~; I ... - , : ' : ~ r'« l,! 

It is suggested that these 

textures have arisen through "welding" together" ~f the' grains ~Id~r'":':: ,~:: 

pressure, when silica dissolved from positions or'stress' (g~~in' ~~'~t~cts) 
.. was redeposited on grains nearby, filline up the empty spaces. The 



cementation and replacement qy calcite may be often superimposed on 

the close texture described above, but this can be shown only in a 

few cases where the calcite is less abundant. It is clear that the 

calcite cementation is of later date than the interlocking textures (P1.35). 

Quartz-enlargement is common in the sandstones of the Strath Ror,y 

and Balnagown Groups. Waldschmidt (1941 p. 1859) has suggested that 

the silica for such enlargement has been produced b.Y interstratal 

solution:-

tlInterlocked quartz grains, always common in sandstones contaiirl.ng 

an appreciable amount of recrystallised quartz, indicate that silica 

has been dissolved from the sand grains at points where they are in 

contact with each other". 

The interlocking textures in' the Strath Rory rocks, however, are 

often obviously due to interference or the quartz enlargements only, the 

clastic quartz grains not penetrating one another (Pl. 42). Sometimes 

the reason for the interlocking is obscure, - partly perhaps because the 

fact of enlargement is concealed when no iron oxide rims 'the original 

clastic boundaries)"'and it is possible that some such grain contacts have 

arisen, as Waldschmidt suggests, qy interstratal solution at contacts .-' 

of clastic grains. The better-developed interlocking textures found·in 

some of the Struie sandstones probably resulted in this way, as previously 

suggested. Nevertheless in the Strath Rory Sandstones, including those 

with-the most extensive quartz-enlargement, there is no real'evidence of 

interlocking of the clastic eruns under compression,- v and -: the silica: ,: :~'i 

ror the enlargements probablycame-from.ari,external source.' .:.-:; 

- -~: - .;'" , ;.., ~ 

. """-' 

~.~ l.t ~ .~. ,..~ .. 
- ::-.-'" ,,;. ." , ..... ...,. 



If the silica vas derived fram elsevhere than fairly close to its 

point of deposition, and was ~arried by moving ground waters, then it 

may have originated in surface waters or in vaters buried along with 

the sediment, both of which might be enriched by dissolving silica from 

quartz and silicate minerals in permeable strata. The factors th~t 

control solution and redeposition by such solutions are probably complex. 

The dissolving of silica may have taken place more readily at grain 

contacts, but complementary redeposition may not have taken place in the 

same rock in the yay suggested by Waldsclmidt. ,Possibly the solution 

and deposition of silica might be largely unconnected with pressure 

at grain contacts. 

Kaolinite 'is widespread in sandstones of the Strath Ror,y and 

Balnago'Wn Groups. Since the mineral is well 1alown as an alteration 

product of alkali feldspar it is possible that it has here formed from 

clastic feldspars in the rock. The clastic feldspars are, often altered, 

but the alteration is usually to fine-grained material. Only very 

rarely has the possible alteration of reldspar to kaolinite like that 

in the cement,been noticed in thin sections. It is suggested that,the 

kaolinite cement vas formed qythe redistribution and.recr,ystallization 

of detrital kaolinite in the sandstone, possibly with altered feldspar 

contributing a little. 

Calcite appears to be a late cement. ,;,~. It replaces_clastic. and 

authigenic quartz, feldspars and kaolinite.·-';:~In·mos~:examples from the 

Strath Ror,y Group it is'· clear that the calcite has crystallized in rocks 

vhich previously had.theirvoids:largely:filled,qy:kaolinite-andauthieenic 

quartz. The calcite do4snot merely ifill: spaces, but'also:replaces the 



other minergls so th~t its volume may exceed the volume of the sp~ce 

available when it began to cryst:dlize. This seems particularly true a/.!Jo 

of the Struie rocks. 

Calcite is present in apprediable quantity in nearly all rocks/ 

of the Struie Group, and the problem of its oriein here is a considerable 

one. In the calcareous mudstones, a great deal of fine-grained calcite 

is present, and it seems certain that it was deposited together with 

fine clastic material as a calcareous mud. Compaction of this sediment 

probably resulted in the expelling of carbonate-rich solutions which 

may have migrated into the sandstones. 

It is possible that the calcite m~ have been deposited with the 

fine-grained detrital fraction of the sandstones themselves, thus 

explaining the present widespread distribution of the calcite in the 

sandstones. If calcite had been deposited in this w~, however, one 

might expect the siltstone partings to be calcite-rich, whereas they are 

generally not. 

The fact th~t the calcite has everywhere replaced other minerals 

suggests that, even if detrital calcite has contributed to the cement, 

there was also an additional outside source. A considerable part of 

the carbonate may have originated at a higher level in,rocks now eroded 

away. Thus, aJ.though the calcite now in the recks must h~ve been 

carried at some time into a basin of deposition, the total am~~t 

probably exceeds that originally deposited.with the portion of the 

succession still existing. 
'_ ~,_,'~~-" '.,.~; ~: : .. :--': ,-~~' - .J.~- ~~" .~'< ."' J"~s.i. I"" 1 

Evidence for actual migration of carbonate-bearing solutions is 
_ ~~".' . .: ~ ... f,., ~~; ,,~-,,:!.,~ '~'<-' ~':"~- "-; "~ -_~" 1'!'1'~~"-

-forthcoming from rocks of the Strath Rory Group. Here calcite is 



fairly c~~on, but it is much less widespread than in the Struie Group, 

and many rocks lack it. The sandstones richest in calcite, apart from 

those of the nodule-beds (which undoubtedly derived their calcite from 

the associated calcareous shales), are found just above red shale beds. 

In these sandstone bases calcite is often ver,y abundant, filling up 

pore spaces and replacing clastic grains so as to produce a ver,y tough 

rock. The concentration of calcite in such positions may be explained 

by supposing that the impervious shale beds intercepted downward 

percolating waters carr,ying calcium carbonate.' It is possibly- also of 

significance here that the sandstones:of the Craigroy_Succession are 

somewhat richer in calcite than rocks at higher levels in the Strath 

Rory Group. 

The replacement of quartz and fEilspar by calcite must·have involved 

their passing into solution. Whether these minerals have been deposited 

elsewhere in the rocks is uncertain. Feldspar outgrowths are ver,y rare, 

if they occur at all. Quartz enlargements appear to be of earlier 

date than the calcite and are replaced b.Y it. It is possible that 

these dissolved substances have been deposited in places as inconspicuous

fine-grained material between the detrital grains. Alternatively, they 

may have been carried completely out of the rocks in spring waters. 

Interstratal Solution and Authigenic Growth. 
: ..... .} 

The possibility of interstratal solution of quartz has be~n 
-, ,"'" .;",1; 

discussed above. Evidence for the effectiveness of the process on 
_ '-:-.- ... < :.. >. \' ,- :' • ,." t ~ _ :_' - ~_ : 't ~ ~ ~ "::' L~ r ~:_ t.: ... >. ~ ,~: ',' .~ 

other minerals lies mainly in the lack of variety in the heavy mineral 
: ~ ~. .:_. II: !--

-assemblage. 'Only the more'; r~~ist~nt' ~iner~s'ar~~f~d :~iz, anastase?, 



rutile, zircon, tourmaline, apatite, garnet, iron ores, epidote?-;: 

staurolite?, and also muscovite and biotite. Other minerals, such as 

amphiboles which must oudoubtedly have been contained in sediments 

derived from an area of Moine Schists, have left no trace in the rocks· 

examined., It is suggested that these minerals have been removed by 

interstratal solution. 

The most important authigenic processes include the formation 

of quartz enlargements, the replacements b.Y calcite and the cr,rstallization 

of kaolinite. It is not considered that the formation of chlorite after 

the consolidation of the rocks has been at all common. 

The crystal faces on zircon and tourmaline euhedra m~ have grown 

within the rock. Small euhedra of anatase (?), recorded from two 

sandstones, are also authigenic. They occur within the kaolinite 

cement. The best examples of authigenic growth were found in a sandstone 

from the Red Burn. Here, rounded apatite grains bore conspicuous spiky 

outgrowths, all parallel to the c-crystallographic axis. 

The migration and oxidation-reduction processes which have affected 

the iron ax:ides have had a considerable influence on the colouration of the 

rocks in the two highest Groups. In the Strole Group such changes have 

had little effect and no colour-banded rocks occur. This may be . 

connected with a higher proportion of dark micaceous and chloritic 

minerals, whose presence may make for a drab colour. Possib~ the 

hydrated ax:ides m~ be of a somewhat different composition too. The 

existence almost ever,ywhere of calcite m~ be connected with the drabness 

of the colours, although no reduction of the oxides. can be attributed 



to its presence!in the sandstones. It may be that the grey colour 

in the calcareous mudstones is as such due to the former existence 

of organic matter as to the presence of calcite. 



IX(e) CCJ.iPOOITIOn OF COARSE-GRAINED ROOKS. 

(i) Struie Group 

Rock fragments in the coarse beds of the Struie Group are mostly of 

Moine granulite. Quartz is moderately common and coarse muscovite-

pegmatite, often in large blocks, is a conspicuous, if minor, component. 

The "purple felsitic rock" mentioned by Hinxman (in Peach et al. 1912, 

p.134) has not been recognised. 

Estimates of the pebble content of a conglomerate were made by 

counting on bedding planes exposed near the top of the massive bed 

overlooking Coir' an Tuira. On one bedding plane 964 blocks were 

counted over an area of about 35 sq. ft. Of these, 94 per cent were 

granulite, 3.7 per cent quartz, 1.3 per cent coarse muscovite-pegmatite 

or granite, 1 per cent mica-schist, and 0.2 per cent feldspar. Over 

about 7 sq. ft. on another bedding plane, 608 generally smaller pebbles 

were counted. Of those, 97 per cent were granulite and 2.8 per cent 

quartz 0 

(ii) Strath Rory Groun. 

The conglanerates exposed in the Craigroy Burn Are largely of Moine 

g~nulite, with some quartz or quartzite. A piece of reddened and ./ 

axidised chert Which contains pseudomorphs of dolomite rhombs (?).has 

been found in the conglomorates below the waterfalls near.Baileacharn 

Bridge. .; 

A conglomerate outcrop by the roadside-just ,east of Baileacharn 

.... Bridge.has yielded pebbles of whitish quartzitic sandstone .aruLfe~dspathic 



sandstone. The quartzitic sandstone is not like the Cambrian Quartzites 

of the North-West Highlands, but is recognizably sedimentary. 

fs? 

The Dridaig Conglomerate contains the usual preponderance of Moine 

granulite blocks, rut pink granite is also fairly conspicuous, and in this 

respect the Conglomerate resembles those of Luarcharmhor and the Strathrory 

River. 

Pink granite blocks of C orriefearn type are extremely abundant in 

the conglomerate at Luarchamhor, and. are very conspicuous in those 

exposed in the Strathrory River. Moine granulites also are common in 

the Strathrory River outcrops. The conglomerates in the gullies west 

of the foot of the Allt na h-Iolaire contain coarse granite and pegmatite, 

besides the usual granulites. 

In the Burn of Achnacloich, conglomerate pebbles are mostly of 

granulite. There are quartzes and pinkish granite, but these are not 

conspicuous. Very interesting are grey limestone, chert, and cherty 

limestone pebbles. These are very probably derived from the Durness 

Limestone. Coarse and medium-grained brownish feldspathic sandstones 

are not uncommon, and are probably Torridonian. 

The conglomerates in the Alness River contain pebbles of Moine 

granuli te, grey limes tone (Durness) and feldspa thic s ancls tone (Torridonian). 

There are also a few pebbles of red or brownish igneous dyke rock. 

Thin pebbly bands, common in the Strath Rory Group, are made up 

chiefly of granulite, with some quartz and sandstone. Out of 13 

granulite pebbles collected from the Red Burn and Edderton Burn, S 

contained microcline, 3 had untwinned feldspar and 2 showed feldspar 

with albite twinning. other pebbles from the same localities are 



of feldspathio sandstones, medium to ooarse-grained, and oontaining 

muoh serioitio material in the matrix. One was of intensely granulised 

sandstone from a fault-zone. These pebbles are possibly Torridonian. 

(iii) Balnaeown GrouD 

The pebbles found at a few localities are listed: 

Beinn1an Loohain: granuli te (predominantly), red-brown 
splinter,y quartzite, quartzitio sandstone, granite. 

Conglomerate Beds. Dalnaolaoh: granulite (predominant), 
quartz, pink or red granite, ohert (oontaining small rhomb
shaped orystals of dolomite 1) 

Lamington Quarr,y: granulite, red-brown quartzite • 

. , 

, .-
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n(f) HINERALCGY .. 

The minerals which make up the Old Red Sandstone rocks are 

described below, roughly in order of abundance. Heavy minerals are 

dealt with as a separate group at the end. 

The mineralogy of the different stratigraphical groups is very 

similar, although lithological differences between the Struie Group 

and the rest of the Old Red Sandstone are very marked. The following 

account is based on examination of thin sections and heavy mineral 

separations fram rocks mostly or the Struie and Strath Ror,y Groups. 

Quartz. 

Quartz is the most abundant mineral. It constitutes the greater 

/po. 

part or nearly all the rocks examined and occurs both as sand grains and 

as grain enlargements. The authigenic quartz is discussed further on 

p. as. 

l~ny of the quartz grains contain feldspar inclusions, of ver,y 

variable size. In these the quartz-feldspar boundary is sometimes smooth 

and rounded, as is more typical or a granite, while more irregula~ . and 

angular junctions between the two minerals are found in grains probably 

derived fron Hoine granulites. Some quartz grains are strained and 

show undulose extinction under crossed nicols, but this condition is 

by no means universal. Many grains are unstra1ned, an observation which 

is in accord with 'their derivation from gran~ite, ~. r~kwhich is 

remarkably free from cataclasis. 
... ", ... ~r 1 --l:' _. " _. -...... t 

~ • ...:.. .t~.,. " _ '. , f. ~~ ,( 
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be described as quartz mosaics. Each grain is composed of a sutured 

aggregate of quartzes, with irregular margins and differing orientations. 

The coarseness of the aggregate varies, but is much less than that of 

the quartzo-feldspathic (granulite) aggregates. Some quartz mosaics 

may contain feldspar, but it is not usual. The grains were probably 

derived from metamorphic rocks, of fine grain, possibly quartzites. 

Chert is always present, though not in great quantity. The materiaJ. 

is a very fine-grained aggregate of low birefringence. Coarser veinlets 

are sometimes seen, and are of crystalline quartz, this mineral probably 

making up much of the ·finer aggregate too. Occasionally, traces of 

radial or spherulitic textures are to be found in these chert grains. 

Feldspar. 

Feldspar is abundant and is found in every rock. There are several 

types, and composite grail1l3 with quartz are common. 

The feldspars are usually somewhat less transparent than the. quartz, 

and the degree ·of cloudiness varies considerably amone individuals and 

among the various species. Hi.crocline i::; usually the most trDJlSparent. 

The cloudy ~ter~tion products. within feldspar grains consist of 

sericitic mate±ial. sometimes in distinct crystals. 

The form of many feldspar ~ins has obviously been controlled qy 

cleavage. This control is most noticeable in the more angoular grains . , . 
but is also wall seen in those numerous grail1l3 which are slightly rounded 

• 4. _ ' ., ,;. ~,,: • 

with loss of the sharper corners. Many grains may be described as 
~ I ~ • 

modified cleavage !ragments. 
, 

Sometimes the elongation appears parallel 
• -.- ~ • ~ -<" 1 ... : - " '-:' ~ • ~ (.. ,,' :,. ' 

to,one cleavage, which may mean that the fragment is tabular. Generally 
Y • .. . . ', ., 



the feldspars seem better roundoQthan the quartzes. 

Secondar,y enlargement of .feldspar has not been recognised with 

certainty, and possible examples are ver,y rare. 

tTntwinned Alkali Feldsnar. 

This categor,y is a composite one, but its use h~s been found con-

venient during examination of the rocks. It may include untwinned albite 

and orthoclase, both of which are common in the Hoine Schists to the west 

of the Old Red Sandstone area. Simple twinned orthoclase has ver,y rarely 

been recognized, and plagioclase shovring polysynthetic . twinning is referable 

to oligoclase (described bolow). 

The untldnned alkali feldspars form the greater part of the feldspar 

content of the rocks, both as discrete feldspar grains and as composite 

grains with quartz. Many grains are transparent, while others are full 

of dark inclusions. One grain with micrographic quartz intergrowths, and 

another containing a plagioclase cr.ystal with associated myrmekite, wore 

probably deti ved from a gran! te s curee 0 

Hicrocline. 
,,. 

Hicrocline forms a conspicuous proportion of the feldspar, and is 

readily identified in thin section because of its multiple'cross-h~tched or 

lenticular lanellar twinning. The grains are uSually 'fresh and tr~parent~ 
" ., ,-. ,'.-r-~ _ ...~ .;.:;" • 

Some composite grains with quartz' are perhaps of gr~te origin; although 
"'~ .,... • "... '''" ""'I >~ -" f ''J ," 'I .., 

microcline does also occur in the Hoine Schists of Ross:'shire: -'" ... '. 

Larger microcline fragments: fr~m cO~S~~~g~a.ined' ~~ckS (~. at:' 

Luarchannbor) sometimes contain twinned plagioclase cr,ystals, from which 

_c .... ,. " . .:' .... -- . ,.' ... 

-
lobes of myrmekite project out into the microcline. These fragments are 

ver.y similar in texture and mineralogy to specimens from the C orriefearn 
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Granite. 

~licrocline is, as a rule, the best rounded of the feldspars. 

Twinned Plagioclase (Oligoclase). 

This feldspar is not very common, but a few grains. are to be found in 

thin sections of most of the sandstones. The possession of lamellar 

twinning is the most conspicuous character. Determination of the symmetrical 

extinction angles in sections perpendicular to the albite twin lamellae 

(010) shows these to be always small a a few degrees. The refrac:tive index 

is close to that of Canada Balsam, usually a little higher. 

Perthitic Feldspars. 

The feldspars previously described are sometimes in composite 

intergrowths, in Which veins or patches of plagioclase are enclosed in 

micrceline or orthoclase. Such grains are ver,y probably derived from 

granite. 

Muscovite. 

White mica is everywhere present in the rocks, but is usually subordinate 

in quantity to the quartz and feldspar. It occurs flattened along the 

lamination of the rock in ragged cleavage flakes which appear larger in one 

dimension than the grains along .. which the~ occur. ~!a.ny fl~k?~ a r~ dist~rted 

and others broken between the grains of the compacted sediments., _ 
, '. , 

The muscovite is typically fres~ and ~a1tered. Inclus~ons are f~rly 

common in it, and are generally regular, canprising zircon, rutile, tourmaline 
- .... _, ,~,"" ._. ~ -".I , _: ," J 

and iron ores. 
t . 
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Biotite. ' 

Biotite is present in ever,y rock, and m~ often be more abundant than 

muscovite. The flakes are of similar size, shape, and orientation but are 

much more conspicuous in thin sections because bf their dark brown COlour., ' 

The mineral is often heavily iron-stained and altered, but this does not 

normally mask the characteristic pleochroism. Certain rocks, however, 

especially in the Struie Group, have their dark micas almost canpletely 

replaced by dense brown iron oxide. The alteration does not appear to 

result in the production of chlorite. No intermediate stages in such a 

process have been observed. 

Chlorite. 

< Chlorite minerals are rather less common 'than the micas, but are . 

equally widespread. Their properties are somewhat'variable, the m~terial 

occurring both as flakes -and~_~h~~:le~~_ p~~2.. The colour is usually 

greeDish -(or sometimes palo brown) and pleochroism is recognisable in many 

individuals. The birefringence is low, 'and under crossed nicols the 

chlorite shows first 9rder greys or, less frequently, ultra-blues. 

Occasionally the rounded patches show traces of spherulitic,texture. 

"Kaolinite". 

Many sandstones of the Strath Rory Group, and a feY' of the Balnagown 

Group, have been found to contain a "kaolinite" -cement.': It usually occurs 

asfine-grdned colourless' aggregates' of low birefringence, '-and is : readily 

identified by ~ the fact -that it has a. higher retracti ve ;:index than";. quartz. ~~ ~,:! 

In sane rocks' the aggregate has a ~tibrous or spherulitic ~texture.; ---Whether 
~ 

, -



this mineral is correctly named is uncertain. X-ray analysis would be 

required to determine it properly. 

- . ,~ 

Other Clay Hinerals. 

Clay minerals are present in appreciable quantity in the finer-grained 

rocks, but their nature has not been determined. 

Sericite.· 

A minor constituent, occurring among the finer-grained material in 

tiny flakes. It is also found in feldspar grains, as an alteration product. 

Calcite. 

Calcite is an important mineral in the roc~, especially in the Struie 

Group, where nearly every specimen collected contains it. The mineral is 

generally finely-crystalline in irregular patches, but coarser interfering 

crystals occur in places. Cleavages and twinning are comnonly observed. 

Calcite acts as a cement, binding clastic grains firmly together and 

appearing to replace them to some degree. 

No trace of euhedral carbonates (dolomite and siderite) has been found 

in the cement of the rocks. Dolomite (?) rh~bs do occur within a chert 

pebble fram a pebble bed in the Balnagown River (near Dalnaclach). 

Heavy l-finera.ls. 

Samples of sandstone from about forty.different localities,.;a?d from a~ 

wide range of stratigraphical- horizons, 'have ,~een crush~d. and:their, heavy; 

minerals separated b.1 uSe of Thoulet Solution. The specific gravity of the 
'-' ..... " -.:;. 

solution was kept as high as possible, in order to keep the separations 

-free from biotite. As a consequence tourmaline, of S.G. 2.98 - 3.20, occurs 

only in small quantity in separations and is often absent. It is probably 



present, however, in most sandstone specimens.; 

The heavy mineral assemblage is a poor one, consisting of iron ores, 

zi~on, tourmaline, rutile, apatite, garnet, and possibly epidote and 

anatase, and is probably only the resistant residue of an original heavy 

mineral content which has been impoverished by interstratal solution. 

There appears to be just as much variation in relative proportions of 

the different species between two neighbouring horizons as exists between 

two widely spaced horizons. lTo assemblage:.'ha.s been found characteristic 

of a particular part of the succession.· In particular, no real. distinction 

can be made between th'e Struie Group and the rest of the Old Red Sandstone 

on the basis of heavy mineral content. 

The chief differences between various separations lie in the proportions 

of apatite and garnet. Apatite is present in more than half of the rocks 

examined, and is widely distributed through the stratigraphical groups. 

Garnet is more sporadio in occurrenoe. Twelve specimens fram horizons 

throughout the thickness of 1000 feet exposed in the Red Burn (Strath Ror.y 

Group) yielded no garnet, while muoh higher horizons (e.g. Tain Quarries) 

and lO\OTer horizons (e.g. Edderton Burn) do contain the mineral. It is 

felt that the absence of garnet in the Red Burn rocks is only apparent, but 

the observation does support the conclusion that garnet is not particularly 
- ':-

abundant in the Old Red Sandstone of this area. This is at variance with 

the findings of Maokie (1925 p.153) who states that garnet is the prevailing 

heavy. mineral of the Middle Old Red Sandstone, but his paper deals rargely 

with the area sOU:th :~r' the·Mor~i'Fii-th::r:- ..... - • l~,~ ,:;";:''':' .. -,.:" - .. ; I.', '- :,. ~.: .• ,';' 

-
...... " ... ,--. 

,_ ' ':t • - ......... :<.:. T 



Zircon. 

This mineral is very common and is found in every rock. The grains 

are either euhedral or are ver,y well rounded. Euhedral zircons take the 

form of slender elongated crystals with well-doveloped prism faces. Pyramidal 

terminations are less conspicuous, and the crystals are sometimes broken, 

probably partly due to the process of extraction. Twinned euhedra have 

been found in two separations. Zoning is not conspicuous. Small 

inclusions within cr,ystals are common. 

Rounded grains are probably more abundant than the euhedral' crystals. 

They have bright glassy surfaces and either possess a high sphericity or 

may be elongate or spindle-shaped. 

The euhedral zircons are colourless, yellow, or pale brown. The 

rounded grains are similar~y coloured, but in addition some are a faint pink 

or purple. Such purplish zircons are relatively small and few in number. 

Rutile. 

Rutile has been found in every rock investigated but is by no means 

so abundant as zircon. It is always recognisable by its bright red or 

orange colour. The grains are angular or slightly rounded. the angular 

grains include euhedral crystals of elongate prismatic form. Geniculate 

twins have been found in two separations. Fractured irregular grains 

are the most common. 

Toumaline. 

Toumaline 'is widespread in occ~,rence. Its characters are remarka.bly 

• :~ ..... :~ ~ ~ .:;. _".~., ~~. •• t ~ ." .,' 

'The" crystal's -sh'ow weU"marked"i;rism 

faces, beautifully clean and glassy, and often striated. The termin~tions 
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are unfortunately usually broken off. The grains are translucent and 

da.rk green to brown. The pleochroism is strong. 

Apatite. 

Uell rounded whitish grains are the most common. They have a rough 

and "frosted" surface, sanetimes faintly coloured red, probably by iron 

oxide. The roughness of the surface in some cases may be due to minUte 

spiky projections. In one rock from the Red Burn these are very obvious, 

and are aligned in a regular manner, probably parallel to the c-axis of 

the crystal. It is probable that the projections are secondar,y outgrowths. 

Certain angular grains possess prism faces, and are in the form of 

elongate crystals. Such grains often have a glassy surface, unlike the 

rounded grains. Lines of inclusions parallel to the c-axis can be seen 

in a euhedral crystal from a conglomerate matrix on Struie Hill. 

All apatite grains tested appear to be biaxial and negative, ~th 

a small optic axial angle. 

Garnet (probably Almandine). 

Garnet is decidedly less common than the minerals already described, 

but is readily identified when it does occur. The grains are .pink, 

irregular and angular, and have glassy surfaces. They are probably easily 

fractured on disintegrating a specimen, and certain small.whitish fragments 

may have arisen by break up of larger pink grain. 

Iron Ores Ilnn Leucoxene. 

Dark coloured iron ore is always present, usually being abundant in 

separations. It is a matter of some difficulty to distinguish between 



magnetite and ilmenitej both are probably present. Certain grains show 

some surface alteration to brownish iron oxide, and are possible magnetite. 

Other grains showing small cr,ystal faces are also likely to be magnetite. 

Altered ilmenite grains show coatings of whitish leucoxene. Some 

are almost completely altered, with only a small ilmenite core. Light 

coloured rounded grains composed entirely of leucaxene are fairly common. 

Unaltered ilmenito may be recognised in some cases, by its somewhat reddish 
-

or purplish lustre. 

The iron ore grains are well rounded to angular. 

Epidote. 

A.few greenish angular fragments from a specimen in the Red Burn 

are possibly epidote. 

Am.tase. 

Tiny rectangular brownish cr,ystals are visible under x 200 magnification 

in thin sections of tt.l0 sandstones from the Strath Ror,y Group (localities: 

All t Trappie and All tan Donilill). The crystals occur within the kaolinite 

cement and are probably authigenic anatase. 

s tlluroli te. 

Mackie (19g5 p.15l) records staurolite from Balnasown, presumably 

from the Upp~r C.R.S. exposed in the river •. 



IX(e) CLASSIFICATIon OF SANDSTOlllES. 

Although the rocks of this region are divisible into lithologically 

different stratigraphical grOUPS, there are many points of resemblance 

between the constituent sandstones. 

The basic clastic mineralogical composition of the sandstones in all 

groups is similar viz: 

Quartz. Always the predominant mineral (except in some granite

conglomerate matrices). It generally constitutes 75 - 85 per cent of the 

rock. 

Alkali feldspar. This contributes up to 20 per cent of the rock as a 

rule. (The proportions of quartz and feldspar in composite fragments are 

thought to be about the same as the proportions of these minerals in 

drscrete fragments). 

Micas, chlorites and clay-minerals. These are minor constituents. 

Taken together they rarely exceed 10 per cent and must usually amount to 

less than 5 per cent of the sandstones. 

Fine grained detrital material is not co~oni the sandstones are . 

fairly well sorted and most of the detrital material in one rock usually 

lies within two or three Wentworth grades (as roughly estimated b.1 use of. 

a graduated microscope eyepiece). 

The original sediments had considerable pore-space now largely fUled·· 

b.1 introduced mineral sUbstances. For the purposes of classification·," 

these cements are largely ignored, except to qualify 'the category: into ,~_.'.: {,::.1 

which a particular rock is placed. Thus even those rocks in Which,the·';~ 

present calcite content must considerably exceed the original pore-space 1 



are classed on their clastic composition. 

The sandstone classification of Pettijohn (1954 fig. I), shown in 

Pl. 48, is based on the following factors:

(a) Proportion of detrital matrix. 

(b) Proportion of quartz and chert., 

(c) Relative proportion of feldspar and "supracrustal" rock 
fragments. 

Composite quartz-feIdspar fragments in the rocks examined are derived 

from Hoine granulites and granites. These are to be classed asa "plutonic" 

rather than "supracrustal l1 rocks and as such are grouped with the feldspar 

in Cc). The presence of Torridonian (1) and Cambrian pebbles in some 

rocks of the Strath Ror,r Group suggests that an appreciable amount of 

"supracrustal" material found its way into the basin of deposition, although 

it is not possible to identify this among the sand-size material (except far 

the chert grains). It is clear, however, that the material from a 

"plutonic" source predominates. 

The sandstones belong to the group of "Arkosic Sandstones" of 

Pettijohn. }1ost of them may be termed "subarkose" while the more feldspar-

rich type are "arkose lt • 

The Itmaturity" of the sediments is low. They are fairly well sorted, 

but the amount of roundingwhlch the grains have suffered is small. The most 

rounded grains are certain feldspars, which may have beenderived'from"pre

existing Torridonian rocks. The feldspar to quartz ratio in, the> sandstone 

is largely dependent on the composition of the source rocks (mostly siliceous 

granulites), and relatively little elimination of, feldspar during transport 

may have taken place o 



x. OLD RED SANDSTONE SEDn.mNTAIcr" STRUCTURES. 

(a) Cross-bedding. 

The sandstones of the Strath Rory and. Balnagown Groups are bullt up 

largely of overlapping more or less lenticular cross-bedded units. Most 

of the units are less than three feet thick, but some appreciably thicker 

than this are lmow in parts of the Strath Rory Group, near Blackpark for 

example. 

The fom of the individual units varies from planar to trough-shaped. 

/1'<; 

The unit-bases generally truncate the cros-s-bedding of the subjacent units. 

The process of sedimentation has clearly involved an interplay of deposition 
. . . 

and erosion, presumably in a fluviatile environment. 

A few measurements of the direction of cross-bedding dips have been 

made in sandstones of the Strath Rory Group in t he neighbourhood of the 

Red Burn. These are plotted on the rosette-diagram of Plate 8 which 

indicates a prevalence of eastward-flowing currents during deposition. 

Within the Struie Group conspicuous cross-bedding is largely confined 

to thin sandstones cropping out on Struie Hill. Here the units are usually 

less than 4 inches in thickness although on Onoc nan Orduiehean one of 9 inches 

has been observed (Plate l~). The units are characteristically thin, 

tabular and extensive. Truncated tops are commonly exposed (Plate 11). 

11inute cross-lamination with units less than one inch thick is comcon 

in the Struie Group. Since this isassociated Yith ripple-marking it is 

further dealt Yith under that.heading.: .. :: :;~. ::.",;,:;".; -;'~;,:;:~, _":.:::7.V + :,: ,.'.:~.:: 

'"- ' .". ~.. -- ' i ,,_ .,.' :.. t -



(b) Mirru.te cross-l9.Jllination and ripple-markine. 

Minutely cross-laminated brown siltstones or very fine sandstones 

are common in the Struie Group (Plate 15). In these rocks the cross

laminated units, less than one inch thick, appear to occupy troughs 

113. 
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scoured into subjacent units. In fom, though not in scale, the structure 

resembles the trough cross-bedding described above. It is ver,y similar 

to the "micro cross-lamination" described by Hamblin (1961) and considered 

by him ,to have been generated b.Y the downstream migr~tion of successive 

"cusp ripple-marks". The long axes of the small troughs represent the 

current-directions. 

Elsewhere in the rocks of the Struie Group ripple-marked layers with 

crests and troughs trending probably transverse to the depositing current 

are common (Plate 16). Such layers are occasionally represented b.1 a 

set of sand ridges isolated within dark siltstones (Plate 17). 

Hinutely cross-laminated fine-grained sandstones and siltstones occur 

also in the Strath Ror,y Group, generally in aosociation with red ,shale . ' 

beds. The structure is exposed in profile on joint faces in outcrops 

in the Craigroy Burn three-quarters of a mile west of Edderton cross

roads. The upper surfac~s of the beds here, however, bear transverse 
: c, 

ripples wllich mark a change in coliditions before the onset of tb3 
" 

deposition of the overlying shale. 
~ ~ .' -. ' ' 

(c) Erosional struct~res (Ch~~el 'Infiiiings). 

Isolated lenticular sandstone bodies contained within flatter-bedded 
• ~" 1- ,-, - , .;, ',' I; • - -l.. - ~ 

strata probably represent the infillings of channels. A:good 'example. l',; '. 

'. in sruldstone of the Strath RorY GrOup is exposed in the east bank· 6f the " " 
• ,... ."., > ... .., 
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Edderton burn 75 yards above the new footbridge north-east of }t1lton (Plate 

12). Here the channel is at least eight feet wide and two foot deep, and 

the base of the fill of pebbly sandstone rests with a marked break on the 

underlying flat-bedded sandstones. 

In the Struie Group erosional structures are more commonly seen, q,t 

they are generally smaller. The scouring which has preceded the fill has 

usually penetrated only a few inches into the substratum (Plates 13 & 14). 

(d) Shqle Inclusions in Sandstone. 

Shale debris forms a conspicuous constituent of many of the yellow and 

red sandstones of the Strath Rory Group and Balnagown Group. The material 

is red or greenish-grey and is usually in the form of angular plates which 

have suffered little abrasion, and have clearly not travelled far before 

being incorporated in the sandy sediment. 

The existence of the shale debris demonstrates the contemporaneous erosion 

of newly-fermed shale beds similar to tlIose still preserved in the sequence. 

(e) Mud-cracking. 

Hud-cracldng is of common occurrence in the Old Red So.ndstone strata 

and points to the existence of periods of desiccation during sedimentation. 

Good examples of the structure occur at the tops of red shale bands in 

the Strath Rory Group, particularly those exposed in the Craigroy Burn. In 

these, the cracks in the shale have been filled with sand. from above, and 

subsequent weathering-out of the shale has revealed a network of ridges on 

the base of the overlying sfindstone. The ridges in places show a relief of 

as much as 3 inches. Quite commonly tho sandstone immediately above a mud

cracked shale contains shale debris, possibly derived fran the same bed in a 

place where it was suffering contemporaneous erosion. 

~iudcracking has also been observed in rocks of the Struie Group, and is 

best seen on fallen slabs from the screes of Coir l an Tuirc (Plate 18). Here 

_reticulate patterns of ridges adhering to t he bases of thin sandstone layers 

represent the infillings of mudcracks in thin shaly l~ers. 



ef) Structures produced BY Penecontenporaneous Deformation. 

In thin zones throughout the Old Bed Sandstone succession the primary 

sedimentary bedding has been deformed b.1 penecontemporaneous movement with 

the production of variouo structures. 

Load Casts. 

These structures, as described by Kuenen (1953 p.lQ48), occur on the bases 

of sandstone beds and take the form of lobes projecting down into an under

lying shale. They are found throughout the succession, and seem to be the 

result of flowage when the shale was in the condition of wet mud. 

In the Balnagown and the Strath Rory Groups, load casts are found on 

sandstones above certain red shale bands. As describedon p.1I4the red 

shales sometimes show mud-cracking at the top, and in these cases the ove:r

lying sediment was deposited on a hard. surface,. with no flowage taking placo. 

The sandstones with deformed bases, by contrast, were presumably laid down on 

a soft mud surface, or on a surface which disintegrated into a soft mud. 

It has been obselVed that certain of the sandstones with irregular bases 

contain shale debris, the product of contemporaneous erosion. It is 

possible that such debris was derived from the shale below the irregular 

base., and that the irregularity is not entirely due to ttl';;a~asting", being 

in part the result of erosion of the shale. 

in the Struie Group, load casts are found on some sandstone layers over-
! 

lying the shaly or calcareous siltstone partings. The Siructures are smaller 

and less conspicuous than in other Groups, and many are of microscopic scale. 

Pseudo-nodules. 

Certain sha.ly layers in both Strath Rory and Struio Groups contain rounded 

bun-shaped structures of sandy composition in which convolute internal lamina-

tions tend to lie parallel to the rounded base and sides. Structures of this 

type have been described by Ma.cun (1945) as "pseudo-nodules", and Ku~nen (1958) 
\: ~ . ., 

has explained them as being due to the break up of a sand bed as it sinks 

into an argillaceous sub-stratum. . . 

In the Strath Rory Group pseudo-nodules in thin bands have been " 



observed in the "Hostimella" sUtstones at the head of the Red Burn and 

in red shales at the west end of An Caolas and in the AlIt at Chlachain. 

The convoluted internal structure of a pseudo-nodule from the AlIt at 

Cblachain occurrence is shown on Plate 21,2, and the appearance of the 

zone in outcrop is shown on Plate 22. 'Pseudo-nodules also occur in 

a peculiar highly-micaceous lens' in the sandstones of the Edderton Burn 

400 yards E.N. E. of Hilton, and in the calcareous sha.l.y beds of the 

All t Uisdein and An Caolas. 

Within the Struie Group a good example or a pseudo-nodule zone 

is exposed in the Pollagharrie Burn belOW' the road. 

Convoluted bedding and lamination. 
" 

Penecontemporaneous folding of the laminae in current-bedded sandstone 

is not uncommon in the Strath Rory Group. The fold structures are 

usually sharp anticlines, some small and isolate (Plate 19) others 

larger and in places overturned (Plate 20). In general the folding . 
dies out downwards (Plate 20). The folded laminae are usually truncated 

b.7 the base of the overlying current-bedded_unit, a proof that the de

formation occurred not long after deposition. 

These structures are comparable with some of those described by 

Selley, Shearman, Sutton and Wateon (1963 pp 229-230, Text - fig.2~ from 

the Torridonian of Skye, and explained by them ~ b~lngcaused by mo:ve-
I 

ment of quicksands aided by migration of water escaping upwards from such 
l ,'.. .,\ 

sands. The overturning of some of the folding points to some deg~e 
'" ....... ': 4 J. ",' • -. ,.' 

of horizontal movement, though this need not necessarily have 'been ~reat. 
" -" ~,:~~~" , :' l~-.' :: ...... ~- ,ft ~,,~ "~~-~ •• ~:. 

\,..- Zones of convoluted lamination occur in the Struie Group (Plates 2J,1 
! ,.' : • ':'".- : ~ \ ~ .... :~ , •• ~ ."> ": >~ "':;':""~ '. ~~ 

and 25 and 26). In keeping with the characteristically thinner bedding 



of this Group the deformation zones are generally.less than 1 foot thick, 

althoueh thicker zones have been observed east of Cnoc nan Cnaimhseag. 

Convoluted ripple-bedding has been observed in Coir' an Tuirc (Plates 

15 and Zl). 

Penecontemnoraneous faulting. 

Sane small, probably penecontemporaneous, faults on Edderton Hill 

(Plate 24 and p.s?) may be due to collapse caused by nearby channelling. 

Colour-banded sandstones in the Alit Huigh-bhlaraidh N.E. of Blackpark, 

and in the Craigroy Burn below Little Gluich, are cut by small faults 

and these, too, may be due to penecontemporaneous movement. 

Large-sca.le penecontemporaneous structure~. 

Large-scale contortions of the bedding are visible in exposures 
! 

near the .foot of An Caolas (about 400 yards N.Y. of Scotsburn Bridgo). 

Irregula~ly disposed patches of crumpled shale and thin-bedded calcareous 

sandstones lie beneath an extremely massive yellml sandstone. The most 

northerly outcrop of this material on the east bank, is illustrated 

in Plate 23. Here the calca.reous sandstones a bout 4 feet thick are 

folded back upon themselves into a recumbent syncline, and a little 

further north the overlying massive sandstone cuts doYIl to como into 

contact with sandstone which dips· sOllth-eastwares beneath tho folded bed. 

It seems certain that tho disturbed bed fomerly extended further 

north, and that this extension has boen removed ~ some agency which 

also overturned the free end of the bed. The folding must have taken 

place shortly after the deposition of the sediments, while they were 

~till soft and plastic, and capable of defomation without fracturing 

/17.// ") 



or di::lintegrating. It is suggested that the calcareous shales and 

sandstones may have 'boen shattered by a seismic disturbance and that· 

the bed was further eroded before the deposition of the overlying 

sandstone 0 



XI. STRUCTURE 

In the area mapped in detail the Old Red Sandstone strata are 

folded along axes trending generally from south-west to north-east. 

Over most of the ground, rocks of the Strath Rory and Balnago'WIl Groups 

dip gently south-eastwards on the north-west limb of the Black Isle 

Syncline. This syncline is succeeded to the west near Edderton qy 

the Craigroy Anticline. Still further west in the ground immediately 

south-east of Struie Hill, tl-lO major folds, the Keanstruie Syhcline 

and the Craggan Anticline are recognisable in strata of the Struie 

Group. 

The Black Isle Syncline is bounded to the south-east qy the Great 

Glen Fault and its associated dislocations, and it is possible that 

the Strath Glass Fault cuts the north-western limb of the s.yncline 

a.long the line of the Cromarty Firth. There is faulting along north

trending and west-north-west trending lines in the neighbourhood of 

the Alness River (the Glaick, Lochl,!o.rie and. Creag Oudaig Faults), 

and smaller faults cut the rocks of the Strath Rory Group near 

Scotsburn. In the Edderton area the strata of the Strath Rory Group 

a.re separated from the much folded and faulted Struie Group qy the 

prominent north-cast-trending Polinturk Fault. Many lesser faults, 

comprising the Craigroy Fault-Zone, cut the Craigroy Anticline east 

of the Polinturk Fault. A number of them'lie nearly parallel to 

the Polinturk Fault. ~ .. , ~ , " , 

The Old Red Sandstone is faulted against the Hoine Schists to the 

-.;:;1 west. Near Braetollie the Old Red Sandstone boundary fault - tho 

1/1/9. 



Braetollie Fault - is steeply inclined and appears to persist in this 

attitude as far north as the AUt Muigh-bhlaraidh. In the neighbour

hood of Struie Hill the Old Red Sandstone is separated from the Hoine 

Schists beneath it by the gently:-inclined Struie Thrust, which dips east-slJuthJ 
I 

-eastwards a.rrl which is thought to have deformed the pre-existing 

Braetollie Fault. > The thrust mass of Struie is thought to be 

bounded to the south by a wrench-fault along Gleann Dadhain and. by . 

another north of Struie Hill. The rocks of the thrust mass are , 

broken by a promirient north-trending fault crossing the summit of 

Struie Hill and by a steep north-west dipping dislocation in 

C oir I an Tuirc. 

The structure of the Moine Schists has not been investigated 

except to reveal that the planar structures of the rocks, which are 

cut by the Corriefearn Granite, dip south-eastwards. 

Bll3.ck Isle Syncline. 

The axis of the Black Isle Synclin~ trends fram south-west to 

north-east through the Black Isle and passes into the depression 

holding Loch Eye. It plunges north-eastwards at about 4 to 5 degrees, 

there being an estimated fall of the base of the Strath Rory Group 

of about 8000 feet along the axis over the ,twenty miles between the 

neighbourhood of Beauly and the middle·of, the ,syncline between Nigg 

and Tarbat House. The fold is asymmetrical. On the south-east 

limb strata of the Strath'Ror,y'Group, overlain by the BalnagoYn 

Group and resting on Moine rocks, dip steeply north-westWards. This 



-

limb is well-exposed at the North Sutor, where the dip is about 75 

degrees. On the north-west limb the strata o£ the Strath Rory and 

Balnagown Groups, probably underlain by easterly thinning strata of 

/21 /.2/. 

the Struie Group, dip south-eastwards at about 12 degrees. Between 

Edderton and Alness the north-western limb is thought not to be broken 

by any important faulting, but towards the axial region of the syncline, 

where exposures are particularly poor, concealed faulting of appreCiable 

throw may well exist. 

Strath Gl~ss Fault (see Enclosure 11). 

The Strath Glass Fault, a wrench-fault (c~Kennedy 1946 fig. 4) 

probably cuts the Old Red Sandstone along the line' of the Crmarty 

Firth. It may continue northwards on a £airlystraight course, passine 

through the wide gap in the Balnagown River exposures below Scotsburn, 

to emerge on the Dornoch Firth west of Tain. Steep dips in the 

Balnagown River near Dalnaclach, and minor faulting and north-plunging 

folds on the shore near Glenmorangie Distiller.y, may be associated 

with movemant along the Strath Glass Fault. There is however, no 

evidence of appreciable throw. If the pebble-beds of Beinn an Lochain 

and Dalnaclach are on the same horizon, then their present dispositions 

can be explained by a westerly downthrow of about 100 feet on the 

presumed Strath Glass Fault passing betloJ'een them. 

FR.ults in An Ca.olas, Strath Rory. 

Faults of N.N.W. trend crossAn Caolas near Scotsburn •. Their 

probable aggregate throw is about 200 feet down to the wast~· They 

are described on pp. ~8- 7/. 



Oreas Oudaig-Fault. 

The W.N.W.-trending Creag Oudaig Fault appears to thrOW' down about 

700 feet to the north and is responsible for the duplication of the top 

of the Cnoc Fyrish Conglomerate in the Alness River section. 

Glaick Fault (see Enclosure 11). 

The north-trendine G1aick Fault crosses the Alness River south 

of G1aick and terminates the outcrops of the Struie Group in the river. 

East of the fault, on the downthrow side, the river exposures shOW' 

the Cnoc Fyrish conglomerates and pebbly sandstones. On the map 

(Enclosure 2) the G1aick Fault is shown separating the Struie Group 

and Strath Rory Group as far north as the Strathrory River, although 

in view of the almost complete lack of exposures in this ground the 

precise nature and position of the boundary between the two groups 

is in doubt. It may In part be a stratigraphical junotion. 

Loch Horie Fault (see Enclosure 11). 

The Loch Horie Fault, trending W.N.W. and responsible for a 

marked dextral shift of the marein of the Cam Chuinneag Augen Gneiss, 

has been traced into the Old Red Sandstone immediately south of the 

Alness River (Hinxman in Peach et al. 1912 p.145,147). Here it 

throws the Cnce Fyrish Conglomerate on its south s ide against strata 

of the Struie Group exposed in the Alness River. The downthrow to 

south may be appreciable but is difficult to estimate. Since the 

fault does not appear to affect the rocks exposed in the !Iness River 

near Achandunie it may have died out before reaching this neiehbour

hood. 

Hinxman (op. cit. p.146) considered that the Loch Horie Fault 



truncated the Old Red Sandstone bound~ry-fault (the Braetollie Fault), 

although there.is no clear evidence on this point. The shift of the 

Augen Gneiss boundary possibly indic9.tes that the Loch Horie Fault 

has functioned as a dextral wrench-fault. In vie,.]' of the probable 

rapid eastward disnppear~nce of the Loch Morie Fault in the Old Red 

Sandstone near Achandunie it is likely that the post-Gnoc Fyrish 

Conglomerate movement along the fault has been essentially vertical, 

in contrast to earlier lateral movement affecting the Augen Gnoiss, 

the Moine Schists and possibly the Stroie Group. 

The relations of the Loch Morie Fault and Glaick Fault are obscure. 

It is possible th!.'lt the Loch Noric Fault termiro.tes aga.inst the Glaick, 

Fault, thus accounting for its absence further east. 

emigro! Anticline. 

The broad north-west limb of-the Black Isle Syncline eives way 

west~rds in the-Edderton area to a faulted anticlinal structure - the 

Craigroy Anticline. Strata dipping south-westwards on the west side 

of the anticline are well expo~cd in the Allt a' Chlachain, but there 

are few exposuros of roc~ immediately wes~ of the ruds drawn on 

Enclocure 3. The fold probably plun.ges northwards in the neighbour

hood of Heikle Daan. 

The anticlinal fold probably passes south-,/estwards through the 

neighbourhood of Druim na Gaoithe to cross the Strathrory River wst 

of Qutcropci of , south -east -dipping conglomerate. South of the Alness 

River an anticlinal structure in a comparable position has been traccd -... 
.,' ;. 



as far as Tulloch Hill near Dingwall (Hinxman in Peach et ale 1912 p.l32). 

The Crnigroy Fault-Zone. 

The Craigroy Fault-Zone is a belt of much-faulted str~ta on the 

north-west limb or the Craigroy Anticline. It is well-exposed in 

the Craigroy Burn and its tributaries. The stream outcrops are 

shown in detail on Enclosure 8, while the structural interpretation 

adopted here is illustrated on the six-inch map (Enclosure 3) and 

the section 0-01 (Enclosure 9). 

The major fault in the Craigroy Fault-zone, the Heikle Daan 

Fault, runs about N.N.E., roughly p3.I'allel to the neiehbouring 

Folinturk Fault. Most of the faults exceed 45 degrees in inclination, 

and many are considerably steeper. There is extensive shattering 

of the rocks along some of the larger fa.ults. No fault has been 

proved to be reversed, and it is thought that the ere~t majority of 

the faults sho~ normal displacement, th~t is, they are 'inclined to 

the downthrm.r side. Nevertheless, dip-slip movement along would 

perhaps be insufficient to produce the observable amount of shattering, 

and it seems probable that some strike-slip movement ~s taken Place. 

The rocks involved' in the fault-zone bel one to the Craigroy Succession. 

In the following acc~~t the nodUle-beds are numbered in accordance 

with the apparently little-faulted sequence in the Allt a' Chlachain: 

(i) Meild.o D'l.l'ln Fault •. 

The N.N.E.-trending Meil"..le' Daan Fault is probably " the moot 

J,mportant fault in the zone of dislocation. It crosses the Craigroy 



Burn south of Meiklo D:lan, where it brings conglomerate to the west 

against fiosured sandstones cut by slickensided calcite-veins. North

wards to the next bend dOimStream the Craigroy Burn follows the course 

of a broad belt of di~location which includes both sandstone and con

glomerate. On the bend west of the footbridge the o.ctual fault is 

obscured by boulders but the adjacent sandstones are full of fissures 

trending N.N.E~ 

(ii) F.ast of the Hailde Daan Fault. 

The strata exposed in the Craigroy Burn east of the Meikle Daan 

Fault lie near the axis of the Craigroy Anticline, and the dips change 

downstream from north-north-east to east. The nodule-bed exposed 

by the footbridge near Meikle Daan is considered (p.43) to be the 

equivalent of nodule-bed) of the Alit a l Chlachain. The Meikle Daan 

Fault has thro\ln it against an horizon in the Meikle Daan Conelomerate 

about 406 jeet lower stratigraphically. On this basis the easterly 

downthrow of the Meikle Daan Fault is about 4CO feet. Numerous 

faults exposed in the Craigroy Burn east of the Heikle Daan Fault 

are thought to be of relatively small throw. The throw- of these 

faults and correlations of the strata (Enclosure') have been 

deduced from the stratigraphy (pp.3~. 

(iii) West of the Meilc1e Daan Fault. 

The most complete ,section of the, Craigroy Success_~onis expooed 

in the Allt ~I Chlachain. Here ,the ~trata dip south",:,we~twards_ ,at :.:, 

Angles between 20 degrees ,and, ,)0 degrees. ,Only,s~ll faults,:have> 

been detected within the section (dcscribed on pp.33-8). 

The strata in the .. Ult a l Chlachain cannot be readily traced 



south-wards into the Craigroy Burn. Nodule-beds 1 and 2 are not seen 

and must be cut off qy the fault cros3ing the bend 250 yards east of 

Little Gluich and lyine parallel to the Meikle Daan Fault. It is 

probable that the sub-drift outcrops of these nodule-beds south of tho 

fault are displaced to the south-west in accordance with an assumed 

westerly downthrow. A westerly dip of 50 degrees ncar the fault is 

probably due to drag during fault movement. There is shattering and 

slickensiding of the adjacent sandstones. Certain small faults 

affecting the probable equivalent of'nodule-bed 4 a little to the 

west also throw down westw:l.rds although a small fault in the equivalent 

of nodule-bed 3 at stream level appears to throw the other way. 

It is considered hero that the large fault described above throws 

sandstones below the correlative of nodule-bed 3 against sandstones 

below the correlative of nodule-bed 1. If this is true the throw is 

about 120 feet down to the west. The fault probably p~sses north

north-eastwards into the Meikle Daan Conelomerate. The thickness 

of this bed has been estimated at over 200 feet (p.~/) but if a 

concealed fault of this magnitude passes through it the thickness must 

be greater, and in excess of 300 feet. - This factor in turn increases 

the estimated thro\-l of the Heikle Daan Fault (p. R6") by 100 feet to 

500 feet. 

Along the Craigroy Burn upstream ffom the outcrop of the' nodule

bed equivalent to No. 4 there~is a series of relatively ~@ntly dipping 

conglomerates and sandstones which persists up to near Slulcuil. It 

is thought that the same strata crop' out~ repeatedly up the burn and 

'/::/6. 



that they are to be correlated with rocks lying between nodule-beds 

4 and 5 of the Allt 0. 1 Ohlachain. Their persistence at outcrop can 

be explained qy variations in dip direction and by repetition of the 

beds qy numerous faults. The most important of the faults is sub

parallel to the Meikle Daan Fault and throws down to the 'West on the 

bends in the stream near Little Gluich. It probably passes into 

the Allt a' Ohlachain in a place 'Where several small faults are ex-

posed. The outcrop of nodule-bed 1 just south of the .U1t a' Ohlachain 

crosses this line of faulting and is not displaced appreciably qy it, 

showing that the throw is diminishing northwards. 

The conglomerate wich forms the waterfall dmmstream from 

Baileacharn ~ridge is cut off abruptly bo the north qy an east-west 

fault bringing down the overlying sandstone. Near 'Where this fault 

recrosses the burn further downstream it hardly shift the conglomerate 

at all, the vertical throw having almost disappeared at this point. 

There is an unusually high dip of 35 degrees in the burn close by, 

and if this has resulted by drag along the fault, then the fault 

movement producing it can hardly have been purely dip-slip. 

The sandstones and conglomerates arc thought to be separated by 

a north-trending fault near Sluicuil from the strata containing the 

Blackpark nodule-beds. The correlation of the beds at Blackpark 

with thooe of the type-section in the Alit a' OhIachain is difficult, 

but it has been suggested (p.~/) that they are equivalent to nodule-
, . , 

beds 1 and 2. This involves a considerable d~throw to the east on 

the fault near Sluicuil{about 300 feet if the suggested correlation 
..... 



of the beds east of the fault is correct). The actual field evidence 

for the fault is not impressive,. but a fault could quite possibly 

exist in the position shown on the maps. 

The faults cutting~the strata in the neighbourhood of Blackpark 

are probably small. 

Polinturk FatLlt. 

Between the AlIt Dearg and the Lochvie Burn the strata of the 

Struie and Strath Rory Groups appear to be separated b.7 a large fault 

of north-east trend. The effects of this dislocation - the Polinturk 

Fault - are best seen in the Allt a l Chlachain 1200 feet west of Little 

Gluich. Here the position of the fault is marked b.1 a zone of 

brownish cl~ey material exposed for a distance of 30 feet in the 

north bank of the burn. The clay contains shattered'layers of dark 

grey siltstone and thin lenses of light grey clay, the resultant 

banding being almost vertical. North-west of the fault the silt-

stones and fine-grained sandstones of the Struie Group are extensively 

shattered, being cut b.1 innumerable close-set polished slip planes 

along which the rock falls to pieces. 

The Polinturk Fault must cross the AlIt Muigh-bhlaraidh unexposed 

about 1900 feet west of Polinturk. It is located in the Allt na Meine 

about half a mile west of Aultnrumain, at a,place where outcrops of 

disturbed red sandstone are succeeded a little upstream by crushed 

siltstones of the Struie Group. Further south-west it presumably 

passes east of the shaly rocks of the Struie Group exposed in the ~. ' 

Allt Dearg. South of the Alit Dearg the Braetollie Fault, which 

! ..., Y 
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bounds the Old Red Sandstone to the west, .. appears to be in line with 

the Polinturk Fault and it is possible that the two coalesce. 

In the Alit a' Chlachain strata about 1000 feet above the pre-

sumed base of the ~trath Rory Group;' have been 

thrown against rocks of the Struie Group. The throw of the Polinturk 

Fault is therefore likely to be at least 1000 feet and m~ be con-

smderably greater. 

The apparent steepness of the fault-plane, the probable straight

ness of the trace, and the conspicuous shattering in the adjacent 

rocks are characteristic of a wrench-fault and it is probable that 

the Polinturk Fault is of this nature. It is possible that the 

Polinturk Fault is a. continuation of the Bron-Helmsdale Fault 

(Enclosure 7 and p.15S). 

Rraetollie Fault and Struie Thrust. 

Between the Alness River and the Dornoch Firth the Old Red 

Sandstone is separated from the Moine Schists by faults. South of 

Gleann D<ldh<lin the boundary fault, the Bra.etollie Fault, is a steep 

ene, as is shmm by the disposition of outcrops in the Tollie Burn, 

the AlIt na l-Ieine, and the Alit Muigh-bhlaraidh. The best evidence 

is in the TollieBurn north of Braetollie where a broad fault-crush 

with steeply inclined planar structures (of 60 degrees dip) separates 

the Hoine Schists from Old Red Sandstone conglo..'Uerate. 

In Gleann Dadhain the junction between the Old Red Sandstone and 
• of " .• 

the Moine Schists is marked by a broad gap in the exposures in which 



occurs a calcareous tufa presumably depositcd by water issuing from 

a fault-zone. There is no evidence here as to the inclin~tion of 

the junction. 

North of Gleann Dadhain the Old Red Sandstone bounda~ alters its 

course markedly to pass alone the western face of Stroie. The junction 

here between the Old Red Sandstone and the Moine Schists appears to be 

in the form of a gently inclined fault, .the Struie Thrust. Its 

position is marked h1 the conspicuous break of slope below the con

glomerate crops (Plate 5). The straightness of the boundar,r and the 

fact that it does not undulate on the steep west face of the hill is 

consistent with the junction being of low dip, and the presence of 

mylonite at several places at the foot of the conglomerate craes 

confirms that it is a fault. There is an exposure of the actual 

contact in the middle of the western face of Struie. Here the schists 

are succeeded uphill by a zone of mylonite and crushed rock, above 

which is conglomerate. The mylonite zone appears to dip gently into 

the hill although its dip is not seen with sufficient clarity to be 

actually measured. Outcrops at the top of the old plantation below 

Creag na Cadhaig show disturbed schist close below conglomerate \-lith 

some crushed material between. Here again it seems that the junction 

is of low angle. 

The outcrop of the Struie Thrust falls slowly north-eastwards 

teward~ Struie Hill. The s trike of the thrust surface is therefore 

probably somewhat oblique to. the face of,the hill,.,the 4ip beine· 

east-south-east. 

utJ 
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_ That the Old Red Sandstone -: l,foine junction on .Struie is not an 

unconformity.is indicated b,y its marked discordance to the orientation 

of stratification in the adjacent Old Rcd Sandstone and by the exist-

ence of the cataclastic structures along the contact. 

The Struie Thrust is of particular interest in th'3.t- along it the 

younger Old Red Sandstone has been thrust over the older Hoine Schists. 

To produce the present relations the thrust clearly must have inter-

sected a pre-existing Old Red Sandstone - Hoine junction. If the 

pre-existing junction had. dipped eastwards at an angle lower than 

that of the thrust the effect would have been to thrust Hoine Schists 

over Old Red Sandstone. The observed effects, then, must be due to 

the intersection by the thrust of a pre-existing junction steeper. 

than the thrust. 

The structures in the Old Red Sandstone of Struie, where a great 

thickness of beds are folded on axes plunging W.S.W. towards Gleann 

Dadhain, are clearly discordant to such a junction, as they are to the 

Struie Thrust, and unless the junction is in the form of a steep hill 

of Hoine Schist against which tho Old Red Sandstone was deposited, it 

is very likely to be a fault. Here may lie the expla.nation for the 

change in altitude of·the Cld Red Sandstone fault-boundar,y at Gleann 

Dadhain: a former fault-boundary in the Struie area continuous with 

the Braetollie Fault may have been deformed by the later Struie Thrust. 

This hypothesis has been adopted in dral1ing up·the Sections E-~ to 
,:-,: .:;~ I ~ ~ ~ .... -4>. ~ ~, 

N-Nl which illustrate the structure of the Struie-Area (Enclosure 12). 
~! .. 

If the Struie Thrust has deformed the Braetollie Fault in the way 
~'C • 
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suggested, the upper part of "tho Fault in the St~~ie Area must h~ve 

formerly been located above the Thrust west of the present west face 

of the Struie ridge 'and above the present level of erosion. 

Cataclastic Rocks Assoch.ted Yi th the Strute Thrust. 

At the top corner of the old plantation below Creag na Cadhaig 

the position of the Thrust is marked by a zone of grey-green clayey 

fault-material which contains lumps of granulite. This separ~tes 

the Creag na Cadhaig Conglomerate from an outcrop of shattered Moine 

granulite below. 

650 yaros N.N.E. of Struie (1218 feet) the conglomerate fortdng 

the lowest outcrops on the face of the hill is sheared and contains 

thin lenses of grey-green mylonite. The Thrust presumably immed

iately underlies these rocks. 

The actual thrust junction of the Old Red Sandstone and the Moine 

rocks is exposed three-quarters of a mile V1.S.~l. of Struie Hill (1082 

reet). Below the junction the granulites have been c rushed with the 

development of zones of granulation. Thin lenses of dark grey or 

green mylonite (Plate 49) appear towards the Thrust which is marked 

by a band of mylonite up to 2 feet thick immediately below the con

glomerate. The mylonite has the appe~rance of a ver,y fine-grained 
'. 

rock containing many incompletely ground-down quartzo-feldspathic 
. . 

~ " ~ 

fragments, some still recognisable as granulite. 
't,.:.~" j .. 

These inclusions 

are of al,l sizes down to small fragments just discernable under the 
~ i -:..~ ~_J- !_;r:/;! ~_,:~ l~, '::::t 1':,,~~,:"t1~;~ t; ::< i,':f~::":'" eo! ;A~~ ~." .. : 

microscope. Their intensely granulised nature is best seen under 
, 

cro~sed nicols (Plates 59,51). The fine-grained mylonite matrix 



commonly appears to be isotropic and looks not unlike glass. Its 

refractive index, hOl.lever, is higher than that of Conad3. Balsam. .A 

true glass formed by fusing the mylonite in a carbon are has been--found 

to have a refractive index of only 1.53 (cf vlaters and Campbell 1935 

p.495). The mylonite is therefore probably composed of finely-milled 

quartzo-feldspathic material, no actual fusion having taken place. 

At the foot of the conglomerate crags 200 yards N.\ol. of thc summit 

of Struie Hill there is an outcrop shmring 15 - 20 feet of dark coloured 

flaggy rock. This looks superficially like shale (as is characteristic 

or many mylonites), and contains quartzo-feldspathic inclusions. In 

thin section, the rock looks similar to the mylonites alreaqy described, 

with relatively large fragments enclosed in much finer-grained ground. 

The matrix however, contains many uniformly orientated minute· flakes 

(as in a sedimentary fabric), and few of the larg~frasments in one of 

the specimens sectioned show much trace of cataclasis. Another roCk 

contains unmistakable bands of disturbed sandstone. 

It is thought that this flaggy outcrop is of fine-grained sand-

stone and siltstone, Which has readily yieYdod to the shearing process 

in places, to give a mylonite in which the fragments are not much 

granulised. The we1l-bedded nature of the rock is probably partly 

due to original sedimentary stratification, and partly due to the 

formation or emphasizing of planar structures parallel to the thrust 

surface. 

At the foot of the Crags immediately north of the sumnit of Struie 

Hi1l is a complex zone of rather obscure sheared rocks which include 



lenses of sheared conglomerate. The sheared rocks extend I?ome distance 

uphill from-~he break-of slope which elsewhere marks the position of 

the Struie Thrust, and are bounded to' the east b.Y a plane which is 

inclined a little south of east at 80 degrees, and which separates 

them from massive conglomerate. - It is considered that this zone 

marks the downwards termination of the Struie Hill- Faul t against tohe 

Struie Thrust. 



Gleann Dadhain I'l.nd Dounie Faults. 

Accepting that the Struie Thrust has modified a pre-existing 

Braetollie Fault,it is possible that the modification is slight, and 

that the marked change in course of the Old Red Sandstone boundary at 

Gleann Dadhain is matched by a similar inflexion in the course of the 

Braetollie Fault beneath the Thrust. Minor thrusting such as this 

might die out'southwards at Gleann Dadhain or might be represented by 

the probably small thrusts affecting the strata of the Struie Group 

in the Alit Muigh-bhlaraidh. 

The consistency of the relations displayed on the west face of 

Struie, however, is a strong argument for a thrust of large displace

ment. If it is accepted that the displacement is large the apparent 

absence of comparable effects south of Gleann Dadhain requires an 

explanation. It is suggcsted that the thrust-mass of Struie is 

terminated to the south-west by a roughly N.N.W.-trending sinistral 

wrench-fault in Gleann Dadhain. There is no field evidence for this 

Gleann Dadhain fault, but its existence would provide a good reason 

for the existence of the valley which is likely to have been initiated 

by erosion along a line of structural weakness. There is no sign of 

faulting in the Moine Schists on the line of the suggested Gle~ 

Dadhain Fault, but since this fault might well terminate downwards at 

the Thrust, it would not necessarily affect the Moine Schists below 

the level of the Thrust, (see section E-El, Enclosure 12). TheStruie 

Hill Fault, also a wrench-fault 1s knovn to terminate downwards at the 

struie Thrust. 
. ","'" I ~: ,_' 
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The existence of a complementar,y dextral wrench-fault boundine the 

thrust mass to the north-east is also suggested. This has been named 

the Dounie Fault. The fault shown on Enclosure 3 as bounding the Old 

Red Sandstone north of the Dounie Fault possibly represents the Brae-

tollie Fault emerging from the thrust-zone. Together with the Dounia 

Fault it is wholly concealed by glacial and raised-beach deposits. 

Keanstruie Syncline and Craggan Anticline. 

The thick Struie Group is disposed in two major ~1.S.W.-trending 

folds in the Struie-Edderton area. These have been named the Keanstruie 

Syncline and the Craegan Anticline; the latter 1yine north of the former. 

Both folds have steep limbso strata on the south-east limb of the 

Keanstruie Syncline, which is modified by minor folds, dip north-west-. 
wards at angles between 10 and 30 degrees. The strata on the north-

west limb, which the Keanstruie Syncline shares with the Craggan Anticline, 

dip generally a little east of south at angles which are rarely less 

than 45 degrees and commonly exceed 60 degrees. This limb is well-

exposed along the Lochvie Burn. The south-westerly and westerly dips 

near the foot of Gleann Dadhain possibly indicate disturbance by the 

Gleann Dadhain Fault. The Keanstruie Syncline is probably truncated 

to the east by the Po1inturk Fault. 

The Craggan Anticline clearly plunges to the west-south-west, 

probably at about 20 degrees, and although the angle of plunge is 
c 

probably smaller towards -G1eann Dadhain, . the Hoine basement in the -

core of the fold, displaced to-the east below tho'Struie Thrust;in--that 

neighbourhood, must be verY deep (see F-Fl, cEnclosure 12), with a- great 



thickness of Old Red strata cut off against the Braetoll1e Fault 

underneath the Thrust. 

The axial zone of the Craggan Anticline in the neighbourhood of 

Cnoc nan Cnaimhseag and AlIt Coir 'an Tuirc involves the strata below 

the Lechanich Hill Conglomerate. Here the zone is broad and the 

flaggy strata are thrown into numerous W.S.W.plunging minor folds. 

In the AlIt a' Chragain where the Lower Craggan Flags cross the axis, 

the change from southerly to north-t-losterly dips is rather more rapid. 

loTest of Craggan there is no precise information about the position 

of the anticlinal axis. It probably passes between the north-west

dipping strata on Struie (1218 feet) and the conglomerate of obscure 

but presumed southerly dip N.N.V1. of Keanstruie. 

The northern limb of the Craggan Anticline, with prevalent westerly 

or west-north-westerly dips is well-exposed on the ridge west of Dounie 

Hill, in Coir 'an Tuirc and north and north-lrTest of Craggan. The 

strata are affected by numerous minor folds, more conspicuous than 

those on the southern limb of the anticline. The northern limb is 

broken by the Coir 'an Tuirc Fault associated with the Creag nan Aighean 

fold (p. 14/) • Other large subsidiary folds associated with faults 

affect the northern limb of the Craggan Anticline rather over half a 

mile west of Craggan. 

l.finor FoldR. 

The finer grained flaggy strata of the Struie Group are thrown 

into many small folds on the limbs of the inaj'or fold 'structures and 

are also cut by innumerable small faults, many associated with the 



axial planes of the minor folds. The minor folds are particularly 

well developed in the neighbourhood of the Struie - Struie Hill ridge 

and in the AlIt Huigh bhlaraidh. 

The measured axial plunges of minor folds in the Struie - Struie 

Hill area are shown in Plates 59 - 62'which clearly show a prevalence 

of W.S.W. plunges of about 20 degrees. The minor folds in the Lochvie 

Burn have simil~ plunees. The prevalent plunge is probably effectively 

parallel to the plunge of the Craggan Anticline and Keanstruie Syncline. 

Host of the minor folds have amplitudes of less than two feet. 

Larger folds, such as the Creae nan Aiehea~ anticline and the large 

subsidiar,r folds west of Cragean, are intermediate in size between the 

minor and major fold-structures. 

The profiles of some minor folds from the Struie Area are shown 

on Plate 63. The folds are mainly assymetrical and are commonly 

cut by axial plane fractures. NallY a.re of- monoclinu form. 

The axial planes of the minor folds generally dip either about 

S .E. or a.bout N.1-1. These differing orientations have been observed 

in adjacent folds in several localitiesj notably 500 yards S.W. of 

the summit of Struie Hill and also 110 yards E.S.E. of the sumnit. 

The structures resemble some of the conjugate folds described by 

Johnson (1956) from the Hoine Thrust Zone in the Loch Ca.rron and 

Coulin Forest areas, and it seems significant that they too are 

associated Yith a thrust zone. Their orientation relative to trans-

port on the associated thrust is apparently different, however, The 
• ., ~' '.";;' -. ~. , r -
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to·the apparent direction of transport on the thrust, whereas the 

minor folds on Struie plunge a.bout loT.S .ll. probably perpendicular to 

the direction of transport on the Struie Thrust. 

strllie F:Ul F.-mIt. 

The north-south-trending Struie Hill Fault has been traced across 

the top of Struie Hill and is marked by a. prominent gully on the western 

side of the ereat conglomerate crag above Coir I an Tuirc (Enclosure 14). 

It lies west of conglomerate outcrops on the west side of Lechanich 

Hill and passes through a gap in the exposures in the burn·south-east 

of Cragean. From ~~e straightness of its trace on the topography it 

appcars to be nearly vertical. 

The Struie Hill Fault has not been detected in tho Moine Schists 

north of Struie Hill and it probably termim.tes dO""'llw3.rds e.gainst tho 

struie Thrust (see p.13-1). There is a considerable development of 

subsidiar,y faulting and shatterinz of the adjacent roclm, particularly 

in the mixed conglomeratic and flaggy strata on its west side west of 

ColI" tan Tuirc (Enclosure 15). The Colr lo.n Tuirc Fault (p.I+t) 

appears to terminate at the Struie Hill Fault, altheugh it m~ be 
. 

represented west of the latter by a zone of faulting about 200 yard:l 

further south. 

All these ch~acters suggest ·~h3.t the Stru~e Hill Fault is a 

wrench-faul t. Tho probable shif~ of the Coir Ian Tuirc Fault,and the 

orientation of the Stroie Hill Fault with regard to the main U.S.loT. -

E.N.E. fold axes in the Struie Area indicate that the displsce~ent is 
. 

probably sinistr3l.. The effect of the f'ault on the axis of the Craggan 



Anticline is unfortunately difficult to assess because the actual 

position of the axial trace on Lechanich Hill is not precisely known. 

There is little inform·1.tion about the parallel north-south fault 

wost of Cragg~n. It is probably not large, and docs not appea.r to 

cut the conglomerate on Cadh'Iosal. 

About 150 yards south-west of the summit of strute Hill a slip-

plane dippinz 75 degrees north-east cuts the conglomerate. By ma.tching 

tho two hal vas of a granulite block cut by the plane a dextral shift 

of 5 feet can be demonstrated. This fracture is therefore comple-

mentary to the Struie Hill Fault. 

Creag nn Fhithich Fault. 

The wcsterly-dippine strata on the ridge west of Dounie Hill are 

traversed by a zone of quartz-veining Which crops out in a depreSSion 

which crosses the ridge east of Creag an Fhithich (Plate 56). The 

actual trend of the quartz-veining is about 5 degrees north of north-

west and tho dip is steep to the north-east. The adjacent rocks are 

much shattered a nd there is little doubt that the quartz-vein:!.ng m'lrks 

an import9 nt fault. This has been named the Creag an Fhithich Fault. 
~ . " 

The fault is not scen elsewhere and probably passe~ east of the 

exposures on Cnoc nan Cnaimhseag. It is th~ght. t~at the Crea9 an 

Fhithich Fault is a wrench-fault of dextral displacement wfuich .. , 
" 

terminates downhill at the Struie Thrust. 
'" 

, ... ', 



Coir'an Tuirc Fa.ult and Creag n~n Aiehean Fold. 

(See Enclosures 13 and 14) 

A north-north-westerly-dipping fault, here named the Coir1an Tuirc 

Fault, cuts the flaggy roclm in Coir1an Tuirc. It is particularly 

prominent along the foot of Creag nan Aighean where it separates the 

south-easterly-dipping flags and conglomerates on the face of the 

crag from the west-north-vrost-dipping flags on the slopes below. 

(Plate 53). West of the foot of Creag nan Aighean the Coir1an Tuirc 

fault splitso The lower branch dips 10 degrees west of north at. 

6j degrees, while the higher branch has been observed dipping nortb-

north-west at 50 degrees. Between the two branches the flags are 

tightly folded on west-south-west-plunging axes. The faulting has 

not been traced with certainty further west,. but it may persist as 

far as the Struie Hill Fault at the west end of Coir1an Tuirc. 

The Coir'an Tuirc Fault passes north-eastwards around the foot 

of Creag nan Aighean and probably separates wcst-north-west dipping 

flags from south-east-dipping conglomerate to the west at the head 

of Coire Hor. It has been traced into a boggy depression north

west of Creag Chruinn where it separates the flags of the Dounie Hill 

ridge from conglomerate of the ridge north-east of Struie Hill. 

Along its line north-eastwards from Creae nan Aighean, the 

Coir'an Tuirc Fault is associated on its north side with a south-

west-plunging fold: the Creag nan Aighean anticline. This is an 

assymmetrical structure" Csee Enclosure 12, sections l:-Ia, L-LI and 

M-llI) with a steep south-east limb which has given rise to the 

/A / 
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south-east-dipping slabs on the face of Crcag nan Aighean, and which 

is broken by tho Faultp Interbedded flags and conglomerates in the core of 

the fold are woll-displayed north-east of Creag nan Aighean (Piate 64). 

There is some inversion of the strata on the south-east limb in this 

vicinity and the axis of the fold has apparently suffered dextral 

shift by a fault dipping 10 degrees north of north-east at 75 degrees. 

Further' to the north-east conglomerates with minor flaggy intercalations 

occupy the core of the fold and are broken by subsidiar.r north-north

west-dipping faults. In this direction south-easterly dips, usually 

steep and in one place overturned, have been traced on the north-west 

side of the Coir'an Tuirc Fault as far as the Dounie Hill ridge. 

The association of the monoclinal fold with the Coir'an Tuirc 

Fault suggests that the latter is an overthrust to the south-south

east. Its exac~ throw is unknown and the massive conglomerate above 

Coir l an Tuirc has not been recognised south of the fault. It is 

probable that the Creag nan Aighean anticline and the fault have 

developed where the massive conglomerate passed laterally south

eastwards into flags and thin conglomerates which" fold more readily. 

The massive conglomerates resist folding and have been adjusted to 

the form of the major fold-structures by faulting. The flags have 

buckled readily to accommodate the conglomerate wedges. Such 

relations can be scen at the base ()f the~.tJ:iick,conglomerate above 

Coir l an Tuirc' (Enclosures 13 and 14). 'The, nags below the'.con-,' 

glomerate are much folded, and in places, the" base" of ~ the' massive" 

conglomerate has been thrust over them during. deformation.'·~ The 



north-west-trending faults cutting the conglomerate south, of Struie 

Hill may be dextral wrench-faults. 

Other Nt N.~{ .-dinpil1l'; faults. 

There are a number of generally n.U.U.-dipping faults in the 

Struie area which resemble the Goir' anTuirc fault in being probably 

steep overthrusts to the S.S.E. They include the faults in the 

bedded ccnglomerates north-east of Struie Hill and the fault ex-

posed 100 yards E.S.E. of Struie Hill which dies out eastwards. 

The faulting immediately west of the Struie Hill Fault at the west 

end of Coir'an Tuirc m~y be a displaced representative of the Coir'an 

Tuirc Fault. It has been detected as a steeply-dipping dislocation 

650 yards N.vI. of Craggan. Here the t'Wo branches bounding the con-

glomerate due north of Craggan may have coalesced. 

In the ground 'West and W.N~W. of Craggan the large subsidiar,y 

folds in the mixed flags and cor~lomerates are associated with 

several N.N.Vi .-dipping faults. As with the Coir' an Tuirc Fault, 

the steep southerly or south-easterly dips in the associated fold 

structures appear to be related to overthrusting to the S.S.E. The 

overthrust character of these faults has been accepted in drawing 

the sections on Enclosure 12. 

Structures within St~lie Groun in Allt-~ruif,h-bh1Araidh. 

In tho AlIt MUigh-bhlaraidh the rocks of the Struie Group are 

Ilrllch foldedJand 'faulted. The dominant ay..iaJ. trend is about N.U.-S.E. 

C",". 'An interesting exposure of grey' calcareous' beds, by the first 

bend in the b~rn below the ro~d bridge, shows small zig-zag folds 



whose axial trend also runs about N.E. (PIQteff.8). The axial planes 

of these small folds dip south-eastwards at about 45 degrees. 

Above the bridge, siltstones and flags with some yea1low-

weathering grey calcareous layers occupy the bed of the burn. On 

the first bend a face of shales and siltstones ·is much cut up by 

fracture-cleavage. Conspicuous in it near stream level is a 

horizontal line of ha.rd and tough sands tone lenses, below which is 

a band of sheared greenish shaly material, of variable thiclmess, 

resting on the grey calcareous bcds in the burn.. At the S.t'l. end 

of the outcrop t.he calcareous beds 'climb the burn side and the green 

band cannot be traced here, bIt probably p:lsses above them. The 

sheared band probably marks the position of an irreeu1~ thrust

surface dipping generally to the S.E. Since the dislocation has 

not been recoenised in the burn to the N.E. it may be obly a small one. 

On the second bend above the bridge a dislocation in siltstones 

and cleaved shales is seen dipping south-eastwards. A fault-gouge 

in the south bank on the upstream end of the bend shows dislocated 

brown shales and drag folds. This zone dips about S.B. at 50 

degrees. On the dol.ms tream e nd of the bend (8. bank) a 'defini tc 

line in the cliff below a bed of strongly cleaved shale marks the 

position of the fault which dips S.E. at 45 degrees. At inter

mediate points tho fa.ult seems to h:lve a l01..rer dip than at the 

above localities. 

;1. The Braetollie Fault is not exposed but it must pass between' 

outcrops of psammitic schist and an outcrop of massive brownish, 

jointed sandstone. The outcrops are so placed>that the fault· . 



which separates them i~ most probably-of high angle (probably well 

over 45 degree dip). The jointed sandstone is almost certainly 

separated by a subsidiary fault from the extensive outcrop of

siltstones 'and nags on t he opposite side of the burn. 

The orientation of the structures, with south-east-dipping 

thrusts and axial. planes, leaves little doubt that a N.vl.-S.E. 

compression was responsible for the deformation as in the Struie 

area 0 

structures l.rithin the Str..lie Group south of AlIt t.ruigh-bhlaraidh. 

Very little information about the structures affecting the 

Struie Group south of the Allt }migh-bhlaraidh has been obtained, 

but they probably have the same trend as in the Struie area. 

In the .\l1t Dearg, 60 yards below the mouth of the Alltan 

a. t Chaoruinn, 'folded brown siltstones with sandstone ribs outcrop 

on the west bank {PlateSn. A main anticline and syncline arc 

visible, with subsidiary bucklings in the core of the syncline. 

The common limb is vertical or slightly overturned to the North-

west. The axial. plane of the syncline dips S.E. at 50-60 degrees. 

The axial plunge is probably towards the S.W. and of small amount. 

The Braetollie, Loch Norie and Glaick faults which affect the 
, 

struie Group near the Alness River have already been discussed. . . 

Ap;e "tl1d Criein of Structures a.ffoctinf-': Struie Groun. 

(i) Braetollio FRuIt. 

- ',- .. This presumed normal fault may have· been initiated before or 

during the period-of deposition of the Struie Group or may be wholly 



later. It io thought to predate and be trunc~ted b,y the Struie Thrust. 

(ii) Folds and Reversed Faults in StrulA Are~. 

The vl.S.U.-trending fold-structures and N.N.lol.-dipping reversed 

faults on Strule must be truncated by tho Struie Thrust and probably 

predate this. They may have formed -in p:n-t by compression -of the 

strata against the pre-existing Braetollie Fault. 

(iii) Struie Thrust a,1"d wrench-faults. 
- ,. "" 

The dextral Creag an Fhithich and Dounie Faults and the sinistral 

Struie Hill and Gleann Dadhain Faults probably all cut the fold 

structures in the Struie area and are probably contemporaneous with 

the Struie Thrust. Durin~ the formation of these structures and 

those described in (ii) a roughly N.U.-5.E. compression operated. 

The Loch Marie Fault which causes a dextI'3.l shift in the Moine 

rocks, and possibly also in the Struie Group but not in the Strath 

Rery Group, may be of the same age as the Strole Thrust. The 

Moine-Old Rod Sandstone boundar,y on Torr Achilty south-west of 

Strathpeffer may be an overthrust, comparable with the Struie Thrust 

and of similar aee • 

(iv) Polinturk Fatut. 

If the Polinturk Fault is a wrench-i'ault, as seems probable, 

it must have formed under a stress-~ystem-dii'i'erin~ i'romthat-which 

existed during the formation of the wrench-faults on Struiewhich 

have completely dii'ferent oricntationo. The Polinturk Fault also 
• "T ~ , ~ "~.... _ i - , 

;ff~cts the Strath Rory -G~oup~ru;d ·':i's'·th~·roio;;eofpC;st Hiddle Old 
I ~ ~ 

i." • 

Rod Sandstone age. 



AGe ~nd Origin of Structures affectin~ Strath ROEI Gr~lp. 

(i) Black Isle Syncline and Craigrgy Anticline. 

These. S.W.-U.E.-trendine folds affectine the Strath Rory Group 

mu:3t be related to a stress-system with a N.U.-3.E. principal pressure, 

similar to th'tt governing the structures in the Struie Group l:ut of 

later date, since the Struie Group, much more intensely deformed, 

has suffered a pre-5trath Ror,r phase of earth-movement. 

(ii) Strath GlRss Fault, Polinturk Fault and Craifl'roy Fault-zone. 

The Strath Glass Fault, the Polintukk Fault and certain of the 

faults in the Craieroy Fault-zone share a common orientation with 

the Great Glen Fault for which a sinistral displacement of 65 miles 

has been suggested b.r Kennedy (1946). Thus the Polinturk Fault is 

probably a member of the great series of N.E.-trending wrench-faults 

which cut the roclre of the Highlands (Anderson, 1951, pp.lQ4-8, 

fig. 24), and which have formed under north-south compression. The 

polinturk and Strath Glass Faults cut the Strath Ror,r Group and are 

therefore post Biddle Old Red Sandstone in age. 

(iii) Norrn~l faults affectin,~ the Strath Rory GrouJl. 

Normal faults cuttine the Strath Rory Group include the Creae 

Oudaie, Glaick and Lock Morie Faults. No post-Hiddle Old Red 

Sandstone lateral shift has been proven on the last of these, and 

the post }tlddle Old Red Sandstone normal displacement has probably 
. ~ .. .... . - ,- .. .; , - ~ 

modified the earlier lateral shift. 

AF;e and Oriein of Structures ·R.rfectin~· Palnaf,Own GrOHn. " 

(i) Rlack Isle Syncline. 

The folding of the syncline under H.vl.-SoE. compression is 



at least in part post-Upper Old Red Sandstone, because the Baln~gown 

Group is involved. 

(ii) Strath GIRss·Fault. 

This fault probably postdates the folding of the Upper Old Red 

Sandstone in the Bla.ck Isle Syncline. 

Sum1'llarv of StructUrll History. 

TheBraetollie Fault, possibly initiated during a relief of 

pressuro following the la.st movements on the Hoine Thrust, may 

have given rise locally to fault-scarps against which the marginal 

conglomerates of the Struie Group were deposited. The Fault was 

apparently deformed during the ensuing phase of folding, thrusting 

and wrench-faultine which affected the Struie Group under the 

influence of a N.W.-S.E. compression in pre-Middle Old Red Sand-

stone times. 

The deposition of-the Hiddle Old Red Sandstone Stratb Rory 

Group was followed by further folding under N.~l.-S.E. compreSSion. 

As the Upper Old Red S~ndstone Balnagown Group has been involved 

in the folding of the Black Isle Syncline the N.W.-S.E. com-

pression must have perSisted until after its deposition. 

The NoE.-trending Polinturk and Strath Glass wrench-faults 

which postdate the folding of the Black Isle Syncline must have 

been operative yet later in post-Balnagown times when the N.W.-S.E. 

t' "Caledonian" compression had been replaced by a north-south com

pression. The large sinistral displacement on the associated Great 

Glen Fault is probably of similar aee. (i.e. post Upper Old Red 



Sandstone), a conclusion in agreement ~th Kennedy (1946 p.67) 

who regards the ~~in displ~cement along this fault as Upper 

Old Red Sandstone or Lower Carboniferous in age. 

It 1s possible that some of the normil faults in Easter Ross 

are yet later in age. Post-Jurassic faulting h~s taken place 

near the line of the Great Glen Fault at Ethie and Shandwick. 



XII. OLD· RED SANDSTONE OF ADJACENT ARE,~.·· 

A tabular correlation of the Old Red Sandstone of the country between 

the Alness River and the Dornoch Firth ldth strata elsewhere in northern 

Scotland is given in Enclosure 6. The areas described in the following 

accounts are shown on Enclosures 1 and 7. 

Ca) Alness-Dingwall Area 

The succession established by Hinman in this area is quoted on p. S. 

The countr,y has not been examined in detail during the present research 

but significant localities have been visited. 

The "basal breccia and conglomerate" exposed along the western 

boundary of the Old Red Sandstone outcrop, probably passes laterally, as 

suggested by Hinxman (in Peach et ale 1912, p.133), into the finer-grained 
-, 

thin-bedded calcareous sandstones and siltstones of Group 2.,. Groups 
< •• 

1 and 2 together are equivalent to the lithologically similar Struie Group. 
",. ( 

, . 

In the Sldack River, lt miles from Evanton, the dark nags ani 

mudstones of Group 2 are visibly faulted against red and yellow sandstones 
. . , ... 

of Group 3. Elsewhere in the area, the presence of a stratigraphical 

junction between Groups 2 and 3 ,is indicated on Sheet 93. The line 
. ; 

shown is an inferred one but it probably does roughly represent a 

. stratigraphical base to the Onoc Fyrish O~nglomerate (of Group .3) • 
.$ ~. (~ • ,..," -. :. ' , .,. , ~:7 ·i ... 

It is unfortunate that sections across the junction are lacking, and 

outcrops near to it are infrequent. 
_. :"',', ~: t 
, . ,,~... . ... 

It is obvious that there is a marked lithological change from Group 
.. ~T .. ~" ... ~~': ... ~: :~J ~r-,' ~-'l'.,...' '<1--•• t~ ;~lv~,:.- ~:/ 

.2 to Group 3. Nowhero has there been recognised an interbanding of the 

"'Sandstone types characteristic of the two Groups. It is possible that 



there may be transitional types. Near the foot of the western scarp 

face of Cnoc Caislein red shaly sandstones, fonning small outcrors 

in gullies, might be placed in either of the Groups. Nevertheless, 

the dominant impression is that the lithological change is a sharp one, 

and it may quite possibly take place at a surface of unconformity • 

. The Cnoc Fyrish Conglomerate constitutes the lower part of the Strath 

Rory Group in the Strath Rory area but there its base is concealed qy 

faulting. If the base of the Cnoc Fyrish Conglomerate, as shown on 

Sheet 93 south of the Alness River, is a stratigraphical junction it 

represents the true base of the Strath Rory Group, and thli.s enables a 

complete definition of that stratigraphical unit. 

The area occupied qy the Old Red Sandstone in Sheet 93 takes up 

part of the Black Isle on the south-east shore of the Cramarty Firth. The 

rocks here, referred to Group 4, contain a calcareous bed; "intercalated 

with the sandstones half a mile south of Cullicudden, is a band, 12-15 

feet thick, of shale containing fragments of PsUophyton, also nodules 

and layers of pale brown impure limestone, and calcareous yellow nag

stones" - (Hinxman in Feach et al. 1912, p.13S). The bed probably bears 

some resemblance to the nodule-beds of the Crilgroy Succession an:l of 
t ~ 

Cromarty. This does not necessarily mean that it lies at a comparable 

horlzon, however, for similar calcareous beds also occur in the Scotsburn 
. . . 

area· at horizons thought to be considerably above those of the Craigroy 
.' J~' ~ , ... , 

nodule-beds. 
''''''''~-,~~.:,;... ;."_,'.-_:-.""~l~ .,.,~.;,,.,J.':.~.: 

The relations of the rocks north and south of the Alness River are 

shown below: 



N. of River " 

Strath Ror,y Group witliCnoc Fyrish) 
Conglanerate at base. ) 

S truie Group 

(b) Strathpeffer and Cononbridge Area. 

S. of River (Alness-Dingwall) 

( Group 4 
( Group 3 with Cnoe F,yrish 
( conglomerate at base. 

Groups 1 and 2. 

As suggested by Horne (in Horne et ale 1914, p.59), the rocks com

prising Group 2 in the Alness-Dingwall area probably pass southwards into 

the duccession below the Knock Farril Conglomerate at Strathpeffer. The 

rocks at Strathpeffer resemble.those of the Struie Group but many of them 

are markedly bituminous, and the strata are probably more calcareous 

than those of Struie. 

The Knock Farril Conglomerate resembles the Cnoc F,yrish Conglomerate 

and is probably of the same general age. The conglomerate and the under

lying grey and reddish sandstones on Knock Farril dip at similar angles, 

and there is no evidence here of unconformity below the conglomerate. 

The attenuated eastwards extension of the Knock Farril Conglomerate 

in a small burn two miles west of Dingwall, conformably overlies drab 

brown flaggy sandstones and siltstones. These are quite different from 

the .. typ~s of sandstone associated with the Cnoc Fyrish Conglomerate. They 

are mor~ akin to the rocks of the Struie Group, but are not identical with 

them, and it is possible that they represent a zone of transition between 
, -, :... , ~. ~ '" 

the sediments of the Struie and Strath Ror,y Groups. NeVertheless the 
\ . 

base of the Knock Farril conglomerate is the most convenient horizon to 
, ,~ , . -, .;.-~.- "'~ .... 

recognise as. the base of ~he Strath Ror,y Group in this neighbourhood. 
," ..." .,,' " :. l ~, - ~ " Tt-' 5# ;. -. ., ';" .. ; - j, "' .... .;. t, _ . .;., ~. A;" '.:1, "' .... ~ .'. b j >.-~ ~ _' r _ -



(c) Beauly Area dnd Black Isle. 

South of the River Conon, towards Beauly, the basal Old Red Sandstone 

conglomerates are well developed, and there are also representatluas of 

the calcareous and bituminous rocks (Struie Group) of Strathpeffer. 

Detailed evidence of the irregularity of the Moine surface on which the 

Old Red Sandstone rests has been obtained by Smith (1963) at the site of 

the Algas Dam, on the Beauly River. According to Horne (in Horne et ala 

1914, p.57,58), sandstones of high horizon are said to rest upon the Moine 

Schists near Kirkhill south of the Beauly Firth, thus overlapping the 

whole of the succession beneath the Knock Farril Conglomerate at Strathpeffer. 

The Knock FarrU Conglomerate cannot be traced into the southwest 

part of the Black Isle, and probably passes into sandstones (at the 

base of the l-tlllhuie Sandstones). On Enclosure 1 the conglomerate is 

tentatively shown as being of about the same age as the sandstones at 

KirkhUl. 

The nodule-beds of Ethie and Cromarty ~ich occur close to the local 

bases of the Old, 'Red Sandstone may be equivalent to horizons near the top 

of the thick conglomeratic series in the south-east part of the Black Isle, 

wi th the beds in the Killen Burn and at Culbokie somewhat higher in the 

sugcession. The Black Isle conglomeratic sequence has been estimated at 

7,000 feet (Horne in Horne et ala 1914 p.65), and in view of this great 

thickness it seems possible that some of the lower beds may be.attributable 

to the ~truie Group. 

(d) Nieg-Tarbat Ness Area. 
. '.~ : ~t . -. _- ',~ .. 

, . ' 

About 750 feet.ofstrata low in' th~ MiddJ.~ Old Red Sandstone·ar'e 
,~ . 

..,. 
excellently exposed in a shore and cliff section near the North Sutor. 



The beds dip steeply westwards on the east limb of the Black Isle Syncline 

at angles up to 90 degrees, and undonformably overlie the Moine rocks 

of Hill of Nigg. The section is as followsl-

Reddish sandstones. At least 

Grey and reddish shales and sandstone. A few 
calcareous nodules 

Red and yellow sandstones, current-bedded and with 

30 ft. 

9 ft. 

convolute structures. Thin-bedded near top with shale. 95 ft. 

Grey and some rather red shale with calcareous 
(limestone) nodules. 8 ft. 

Buff or yellow sandstone, Red colouration 
important in places. 30 ft. 

Thin-bedded calcareous sandstones with some shale 
above. Dark grey shales with some nodules. 4 ft. 

Massive buff or yellow sandstones 35 ft. 

Nodule bed: 
A series of thin-bedded calcareous shales and 
calcareous grey sandstones at base, showing 

b beautiful convolute structures with truncated 
tops. Top 3~ ft. composed mostly of close 
set thin layers (up to 2 ins.) of grey limestone 
separated b,y dark shale. 

The top limestone l~ers are thrown into conspicuous 
drag folds. The bed appears thickest where 
amplitude of folds is greatest. 12 ft. 

Sandstone, massive, buff or yellow. 30 ft. 

Brown shale with some nodules. 4 ft. 

Sandstones, mostly ma.ssive. Buff or yellow. 
Current-bedded. 140 ft. 

Grey and dull red or purple-brown shale with some 
sandy bands. Thin layers of grey limestone nodules." 8ft. 

Yellow sandstones. Fairly massive •. Probably 
partly calcite-cemented. 14 ft. 



TOugh grey shales with 'calcareous nodules in 
layers. Bed of tough grey calcareous sandstone 
at base.' 15 ft 

Hostly yellow sandstones. Current-bedded. Some 

• 

reddish bands. 115 ft. 

Conglomerate (basal Middle O.R.S. conglomerate). 
Pebbles of var,ying sizes often angular and in-
cluding quartz, granite, and schist. The matrix 
is abundant and interbedded sandstone shown 
cross-bedding. The sandstone is often yellow 
mth reddish flecks •. Bedding is everywhere obvious. . 200 ft. 

Gap. Small 

Hoine Rocks. 

Hugh Hiller (1841 p. 144) refers to fish remains in tho lowest 

nodule-bed, these being similar to the species occurring in the nodule

beds or Cromarty and Eathie (i.e. of,Middle·O.R.S. age). 

The Crrlgroy Succession at Edderton, also containing Hiddle Old 

Red Sandstone rish, bears a striking resemblance to the strata at the 

North Sutor (see Enclosure 10) and may well be its stratigraphical 

equivalent,. 

The Struie Group so well developed in~the Edderton area seems to 

~~veno ~presentative in the North Sutor section and has probably been 

overlapped eastllards by the Middle Old Red Sandstone. 

Between Hill or Nigg ani Tarbat Ness the coast sections display an 

almos~. continuous sequence from the basal conglomerate on the east side of 

Hill or Nigg to the highest sandstones on the west side or the Tarbat 
- ' J • • • ' ? _ _ •• 

Ness. peninsula. . The following sequence has been derived from Geological 
" ~ , .; ~ 'I 

Survey one-inch Sheet 94 which was suzveyed by Hugh Miller Jun.:-



Upper Old Red Sandstone: . 

Current-bedded red and yellow sandstones, com:nonly 
coaI'S3 and pebbly. Yellow and less pebbly in upper 
part. Base intersects coast a little south of 
Tarbat Ness. . 

}.fiddle Old Red Sllndstonea 

3. Yellowish sandstones with a shale bed containing 
fish scales. 

2. Red and yellow sandstones with numerous beds of 
grey calcareous shale containing nodules or 
layers of limestone. Fish remains. 

1. Red and yellow sandstones with conglomerate at base. 

These rocks have been described by Harkness (1864, p.437), who 

estimated the total thickness to be 3250 ft. It is probable that 

this figure is low. The dips are persistently fairly high throughout, 

and if the dip directions· on Sheet 94 are reliable, then a thickness of 

twice Harkness' estimate may exist (6,000-7,000 feett •. Geikie (1879 

p.345 and 445) estimated the Nigg-Tarbat Ness sequence tobe about 

1700 - 2000 feet (exclusive of the Upper OoR.S.). This is a considerable 

underestimate. Further, even were it not so, Geikie's .acceptance of such 

a.thickness as being typical,of the Middle O.R.S. of Easter Ross is 

definitely an error, in view of the much greater thicknesses demonstrable 

on the western limb or the Syncline. 

The nodule-beds a re much· further from the Old Red Sandstone base in 

the Nigg-Tarbat Ness section than at the North Sutor. If the nodule

beds represent a constant str3.tigraphical zone 'it follows that-,there .';:" 

has .been southward overlap of the oldest Middle Old Red Sandstone beds 

again~t,the Hill of Niggo. 



,( e) Dornoch Firth - Golspie' Arell. 

~et,.[een the Dornoch Firth and Golspie the Old Red Sandstone is 

extensively covered b,y drift and is generally poorly exposed (cf. 

Geological Survey one-inch Sheet 10), Drift Edition). Conglomerates, 

probably representative of the Strute Group, rest on the Moine Schists 

/5"71 

at" Ben Tarvie "and form other prominent hills around the head of Loch 

Fleet. East-south-east-dipping"strata referable to the Strath Rory Group, 

mostly -red and yelloW' sandstones Yith calcareous shale bands, crop out 

on the south shore of'Loch Fleet and also near Skelbo and·Evelix. They 

appear to extend up to theW'esternboundar.y south of Ben Tarvie, and' 

according to Read (1925 p. 63) they overstep the rocks of Ben Tarvie. 

The reality of such an overstep is here accepted and it is considered 

that the conglomerate resting on the Moine Schists at Revaig and passing 

upwards into red sandstones (Read 1925 p.62,63) is the local baSal 

member of the Strath Ror.y Group. 

The sub-drift crop of the base of the Upper Old Red Sandstone north 

of the Dornoch Firth is thought to lie generally further east than the 

position shown on Geological Survey one-inch Sheet 103. The line 

suggested here (Enclosure 7) runs parallel to the known strike of the 

exposed beds at Dornoch and Embo and makes a good match with the line 

for this boundary drawn south of the Firth. The strata probably strike 

northwards towards the Golspie district, and although they have not been 

identified there, it is possible that they underlie the Golspie Trias, 

being cut off with these younger rocks against a prolongation of the 

Btora - Helmsdale Fault. The line of the fault on the west side of 



Golspie is shown on Sheet 103 as trending from north to south. The 

ground is much obscured b.r raised beaches and it is possible that the 

fault actually takes up a south-westerly course across Loch Fleet as 

indicated in Enclosure 7. 

No faults corresponding to the important dislocations west of 

Edderton have been recognised in the area between the Dornoch Firth and 

Loch Fleet (Read 1925 p.63) but this is understandable in view of the 

extensive drift cover. It seems possible that the Polinturk Fault 

continues on a north-north-easterly course north of the Dornoch Firth 

a.nd it may form the western boundary of the Old Red Sandstone south of 

Ben Tarvie, except near Revaig where it may be situated in the schists 

west of the unconformity. It may even link up with the Brora - Helmsdale 

Fault a.cross Loch Fleet. The postulated boundary-fault north-east 

of Struie Hill possibly coalesces with the prolongation of the Polinturk 

Fault on the line suggested above. Another possible course for the 

Polinturk Fault lies wholly within the Old Red Sandstone, passing west 

of Evelix and east of Skelbo. 

.' ; ~. .-

'.~ ~ '," 
, 4 ....... ~} 
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XIII SEDH'£Nr"-TION IN EliSTER Rres DURING THE OLD RED SA}l)STOf,lE PERIOR 

The Old Red S~ndstone of Easter-Ro~s is composed largely of 

clastic material whose character leaves little doubt that the bulk of 
. 

sediments had their origin in the Moine Arca to the west. The frag-

ments in the conglomerates and pebble-beds are predominantly of 

siliceous granulite, identical with rocks in the psammitic horizons 

of the Moine Schists, and while peltic Hoine rocks are not conspicuous 

in the coarsor sediments, they may have contributed in great measure 

to the finer quartzo-feldspathic and micaccous matmrial. 

Gram tic fragments in the Old Red Sandstone can be rna. tched 
- -

exactly with specimens from the neighbouring outcrops of "Newor Granite", 

particularlJr the Corriefearn Granite, and the presence of Durness Lime

stone and Torridonian- (1) pebbles in certain conglomerates, Sho\-lS that 

some of the sedimentary material had a more distant westerly origin. 

Heasurements of current-bedding dip directions in sandstones of 

the Strath Rory Group on the west limb of the I Black Isle_Syncline 

(Flate 8) offer support for the conclusion that the sediment-bearing 

currents moved generally in an easterly direction. 

The conglomerates on the eastern limb of the Syncline (as at the 

North Sutor p.I6"S) include much granitic material. The Hoine inliers 

by the Great Glen Fault must have contributed debris to the enveloping 

Old Red Sandstone, although at the North Sutor, the pebbles 'in the 

basal Middle Old Red Sandsto~e conglomerate a~e ~n1ike the loCal 

Hoine rockso The eratiiti~ 'pebbles possible ca.n;.e -from 'a. lMdmass 

whose remains are now-downfaulted beneath the Mor~y Fi~tn,':~~;t'6f the 



Great Glen Fault. An easterly origin for some of the sediments on 

the eastern side of the Syncline is therefore not to be ruled out. 

The heavy mineral species in t he Old Red Sandstone are much 

fewer than might be expected in sediments derived from a Moine area. 

It seems' probable therefore that interstratal solution or perhaps 

chemical weathering in the source areas has effectively removed un-

stable heavy minerals, such as amphiboles and pyroxenes •. 

The coarse conglomerates, important mombers of the Old Rod Sand-

stone soq,uence, were obviou:3ly transported by povlerful currents of 

water. The current bedding, widespread in the sandstones is con

sidered to be subaq,ueous in origin, in common with the ripple-marking. 

The clastic fragments of sand size are nearly all a~~ar or sub-al\,crular, 

and there is therefore no evidence that transportation b.7 wind was 

effective. 

The Old Red Sandstone sediments, therefore, are regarded as having 

been for the most part carried eastwards by stream action from an 

elevated region, probably much more mountainous than the present Northern 

Highlands, into a 10 .. 1 lying subsiding basin, centred on the present 

main syncline • 

. Old Red Sandstone sedimentation eocimenced with the deposition of 

the:rocks of the Strute Group, and at this time the basin may have 

been'bounded to the west by a fault:scarp in thcStruie area and· 

poosiblYalsoelsewhere •. The coarse~material carried down'from the 

adjacent 'high groUnd came' to rest"as' very 'localised' lenses· or- conglom

erate 'banked upag<rl.nst;the fault"s~arps.'·' 'The finer 'material' was: 

" 



carried further to the east to be laid dO'..m on lower ground. There 

seems to have been a rapid transition in the struie area from the 

marginal conglomerate-sandstone facies to the siltstone and calcareous 

mudstone deposits of the Lochvie Burn. 

A considerable amount of calcite was d eposi ted with the finer 

grained sediments. Calcium salts in solution must have been tra.ns

ported in appreciable quantity, and it may be suggested that these 

were partly derived from the Durness Limestone, although no clear 

evidence is avilable that Cambrian'rocks contributcd to the Struie 

sediments. 

Organic material W3S an important constituent in certain of tho 

sediments, particularly in the Strathpeffer area vgere bituminous 

rocks form an important part of the sequence. Th3. t plant and 

animal remains havc contributed to the organic content of the rock:3 

is indicated by the presence of both in certain rocks of the Struie 

area (Lochvie Burn). At Strathpeffor, no such remains have yet been 

found, in spite of the abundance of bituminous materi~. 

" Away from the ma.rginal conglomerates the rocks of the Struie 

Group are almost exclusively fine-grained. The eastward extension 

of this facies is not kn~ln, but it appears that it was overlapped 

eastwards by rocks of the Strath Rory Group (for example at the North 

Sutor,' where Middle Old Red Sandstone strata with nodule-beds and a 

bD.saJ: conglomerate rest on Hoine rock~ ~ 'It may be that the area of 

fine-grained sediments was succeeded eastwards' by, another zone of, ' 

conglomerate deposition: 'equivalents of,the Struie Group may exist 

among the conglomerates of the S.E. Black Isle. 



The sediments of the Struie Group were formed in shallow ~ter, 

liable to intermittent dr,ring up, with the formation of mud-cracked 

surfaces, ripple-m~rking,rain-prints, current-bedding and erosional 

structures. Su~aqueous slumping of waterlogged layers produced 

occasional intraformational contorted beds. 

The exact relation of the younger Strath Ror,r Group to the 

strute Group is uncertain, but it is clear that there was a consider

able change in the character of sedimentation when the lowest Strath 

Ror,y sediments were formed. There was a considerable influx of coarse 

sediment into the basin and this provided the material for the con

glomerates of the Group. These conglomerates' appear to have been 

-more widespread than thooe of the Strute Group; they extend at least 

two miles into the basin (i.e.' two miles from the present western 

boundaI"lJ of the sedimentary rocks). In the Cnoc Fyrish - Uness 

River area, the conglomerates reached their greatest development, 

dying out both north and south, and it is considered that in this 

.. neighbourhood an important river system entered the Easter Ross basin. 

The conglomerate sedimentation persisted longer here than else~mere. 

1" The presence of Cambrian and Torridonian pebbles in the Cnce 

Fyrish Conglomerate shows that some of the coarse material was 

derived from the \lester Ross area, beine relatively far-tra.velled. 

Overlap by "the Stro.th Rory Group on to the schists at the North 

Sutor (and at Y.irkhill?), sho\ls- that the actual sedimentation area was probablY 

more extensive than during'the deposition ·of the Struie GroUp;':",; RockS • 

. .'of the -outliers sbout Strath'&uIDoch, 'Over ten miles 'west"of the 'm3.1n " 
' .. 

- ,,,."'" 



Old Red Sandstone area, resemble those of the Str~th Ror,r Group, (Gunn, 

Clough and Anderson)in Peach et ale 1912 pp. 139-142). The existence 

of hilltop outliers such as that of Heal1 a l Ghrianain (2531 feet), 

makes it practically certain that the Old Red Sandstone formerly ex

tended far over the schist area west of the present main outcrop. 

From consideration of its general'charactcrs, distribution, and nature 

of derivation, it 6eems probable that it was the Strath Ror,y Group 

which extended westwards in this manner, overlapping the Struie Group 

to rest upon the schists. 

A.ugen gneiss boulders from the Carn Chuinneag complex occur, in 

the western outliers in rocks which partially-'-fill valleys of old Red 

Sandstone age. None occur in the Cnce Fyrish Conglomerate or in th,e 

conglomerates of the Struie Group, and as has been previously suggested 

(Himonan in Peach et ale 1912 p.131) this my be because the exposed 

augen gneiss area was subsequently cloaked ~ later Old Red Sandstone 

depesi ts, thus preventing further erosion. The augen gneiss was 

probably exposed for a short period and to a limited extent in Old Red 

Sandstone times, with only local carria.ge of the boulders. It is 

probable that most of the present outcrop was covered bJ a sbhist roof 

during the period when streams were carrying Cambrian and Torridonian 

material eastwards over it. 

The finer sediments spread further out into the basin than the 

coarse material, the Cnce Fyrish Conglomerate being, r~p1aced_ northwards, 

S oU,thwards, and to the eas t ~by,. rod and yel1o\-l current-bedded sands tones. .. '" ~ - .. 

In the Edderton area two we11-developed conglomerate,horizons (the basal . - ... "" ~ . 

Heikle Daan, a.nd the Dridaig) max:~ episodes ~f more, wid~sprell:d conglomerate 



sedimentation. The Corriefearn Granite was unroofed by this peridd, 

and contributed much pink granite debris, particularly, to the con
, ' 

glomerates at Luarcharmhor and in the Strathrory River. The local 

granite mingled with Cambrian and Torridonian material in the neieh-

bourhood of the .\lness River. 

It has been concluded (p. 8'4) th9.t the yellow and grey colours 

in the Strath Rory rocks have frequently been due to the reduction 

of the ferric oxides in previously mostly red sediments. The red 

colouration is considered to have been a primary feature of the 

sediments and the red oxide is thought to have been deposited with 

the sand grains as a clastic sediment or as a precipitate from the 

colloidal state. Dorsey (1926) suggests that such red sediment has 

been derived from lateritic mantles over weathered rock, in which the 

ferric oxides have dehydrated under the influence of a warm, moist 

climate. .~ 

The Strath Rory sediments accumulated in 'shallow water. e "The 

sandstones shm.)" ripple-marking, and there is abundant evidence "of 

contemporaneous erosion of newly-formed sediment. " The bodies of 

water were liable to desiccation, as shown by the presence of mud

alUJJedred shales, 'which must have formed under oxidising conditions. 

Yellow,and greyish sandstones which do not appear to'have been derived 

from -red-beds by subsequel1t decolourisation 'may. ·havebeen deposited i 

:mder-s1ight1y 'reducing 'conditions; 'perhaps "in -rather deeper 'water'-:';" 

/ /..
/04: 

: ~Current-beddine and erosiona1'structures are' ona 'larger sc31e C':' •• 

than in rocks of the Stroie Group. This may be due 'to a more rapid 



entr.y of sediment into the basin, under the influence of a greater 

rainfall in the source area. 

CalciUTll salts '<lere carried into the basin, but p~sible not in as 

great a quantity as in earlier times. The presence of Durness Lime-

otone pebbles in some conglomerates indicates an obvioun source for 

the calcite in the sediments. _ 

The deposition of the nodule-beds near the base of the Group at 

Edderton must have taken place in relatively quiet conditions, probably 

coincidine with periods of slack deposition Dn the conglomerate atea of 

Cnoc Fyrish. A considerable amount of calcite was precipitated with 

the fine-grained muds, and shortly afterwards much of it segregated 

into early diagenetic limestone nodules. The grey colour of these 

beds is attributable to the presence of org~c material whichre-

duced the ferric ~~ides in incoming fine sediment. The organic 

materialw-ClS chiei'ly in t.he form of plant remains, mostly drifted 

fragments of "Hostime11a" but a considerable fish fauna exi~ted 

during at least one poriod of nodule-bed rormation~ Calcium saJ.ts 

from the water were also fixed in the phosphatic,exoske1etons of the 

fish. 

The later histor.y of the Strath Ror.y Group was characterioed by 

the formation of current-bedded red and ye1lo\I sandstones over a wide 

area. : Overlap on to the contemporar,r schist area may have,inv?lved 

migration of. the main site of cong10mera~~ deposition in that direction 

Coarse sediment was ,still widely distributed, 
, , ~, , -' '....' , . 

as shown b,y the frequent occurrence of pebble lenses in the sandstones. 
,- , .' .... - ' . .,. " ~ - '. 



Feriods of restricted deposition resulted in the formation of the 

someuhat calcareous "Hostimella" siltstones. Occasionally a greater 

precipitation of calcite produced sediments similar to the nodule-beds 

of the Craigroy Succession. 

Since the sediments of the Struie and strath Rory Groups were 

derived largely from the Sallle source (Moine Schists), it is probable 

that other factors must be responsible for the differences between 

them. Increase in rainfall may have been responsible for the 

generilly thicker bedding of the Strath RO~J Sandstones, this~ncy 

partly controlling the rate of supply of detritus. 

" " It is suggested that a wetter and warmer 'climate during the 

deposition of the Strath Ror,7 Group was more £avourable for the pro

duction of red lateritic mantles in the source areas than conditions 

holdine during the accumulation of the sediments of the older Group •. 

This is thought to be reflected in the frequent occurrence of red 

colours in the Strath Rory Group, while the Struie rocks are almost 

aluays drab. The actual state of ~idation of the iron m~ differ 

between the two Groups - again possibly due to differences in pre

vailing weathering conditions. 

There is also, perhaps, a greater proportion of dark biotitic 

and chloritic material in the Struie Rocks. This may indicate that 

conditions of chemical weathering of such minerals were less rigorous 

, during the deposition of the Struie Group. 

The period of deposition of the Strath Rory Group may have been 

terminated by some uplift and erosion followed b.1 unconformable 



deposition of Upper Old Red Sandstone rocks, as happeno in the areas 

south of the Moray Firth (Horne 192.3 p.82) althoueh there is no 

evidence of this in Easter Ross. 

The strata of the Balnagown and Strath Ror,r Groups are lithologic

ally similar and their modes of deposition probably were much the same. 

The accUImllation of too Balnagown sediments probably took pla.ce ova: 

an area extending well west of the present outcrops, possibly over-

lapping the sedimentation basin of fUddle Old Red Sandstone times. 

Conditions were periodically favourable for the existence of fish 
~, " 

faunas YJhich included POl3.mT':'lostens (Balnagown Castle) and Holoptychius 

(Dornoch) • It m~y be significant th9.t these remains are found in 

sandstones. There is no evidence for nodule-bed deposition. 

/.~' -;-
/67. 



APPENDIX 

FAUNAL LIST: BLACKPARK UPPER NODULE-BED 

The following list of fishes from Blackpark has been supplied by 

Professor T.S. Westoll. 

Acanthodii: ?Mesacanthus peachi, Traq. (R) 

Diplacanthus striatu8 Ag. (C) 
..,',' . 

Diplacanthus (Rhadinacanthus) longispinus Ag. (R) 

Cheiracanthus murchisoni Ag. (C) 

Arthrodira: Coccosteus cuspidatus, Miller·ex Ag. M.S. 

(= C.· decipiens Ag.) (V.C.) 

Rhamphodopsis sp. (C. - in upper shales) 

Antiarcha: Pterichthyodes "productus" (Ag.). (li) 

Pterichthyodes "milleri" (Ag.). (R) 

(these forms of doubtful distinction) 

Crossopterygii: Osteolepis macrolepidotus Ag. (C.) 

Gyroptychius ·("Diplopterax") ap. (R.) 

Gyroptychius microlepidotus (Ago) (Ro) 

Dipnoi: Dipterus platycephalus Ag. (VoR.) 

Actinopterygii: Cheirolepis trailli (C.) 

V.C. - Very common. 

C. - Common 

R. - Rare 

V.R. - Very rare. 

, 
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• Inverness . 

Plate 1 Index Map, to show position of Area. Green rectangle is 
outline of 2t - inch map (Enclosure 2) 
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Plate 3 Aultnamain Inn, Struie and Struie Hill, from the AlIt Deargo 
Moine Schists form the hill beyond Aultnamain. 

Plate 4 Edderton Rill east of the Red Burn from Meikleferry Point. 
Features dip towards the east (left). 
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Struie ridge from hilltop west of summit of Cadha Mor 
A.83 • The Struie fault-line extends along th~ north-west face, 

separating Moine Schists from conglomerates form~g the steep 
slopes and crags towards the top of the scarp. 

Plate 6 Plant remains (ttHostimella ll ) on siltstone slab. Allt 
Riabhach, Glen of Scotsburn. 
Scale 2 ins. long. 
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Plate 8. CrosS-bedding in pa.rt 'ot, Upper Strath'Rory Group. Rosette 
diggrwns showing current-directions indicated'b7 cross-bedding dips. 

AboTer Red Burn and old sea cliff between Seafield and 
Edderton Quarr7. 

Belowl AlIt MUigb-bhIaraidh north-east of Blackpark. 
Number ot observations in each 3O-degree, sector plotted. Scale 
shown • . :,,' ~"": ~,'~:;>" \;:':.:< .. ;' :;<:,," ~ .(-: "" .,t "'''~''~'-i-'J.''~':i''; ;": (;,~,n 



Plate 2 Sandstones just east of Edderton Quarry. Yellow and red 
current-bedded sandstones are seen in the lower part of the photograph. 
Above the level of the clinometer, the current-bedding is thrown 
into sharp pointed anticlines. 

Plate 10. 
fragments. 

Current-bedding unit in sandstones containing shale 
Truncated top. Cnoc nan Orduighean. 



Plate 11 Typical current-bedding in flaggy sandstones of Struie 
Group, showing truncat.ed top of unit. 750 yards W.N.W. of Craggan. 

-~ ........ ---
8~et-. 

Plate 12 Banded yellow and red sandstones, cut by a channel infilled 
with pebbly sandstone. Edderton Burn, 75 yards above the new 
foot-bridge N.E. of Milton. 



Plate IJ Sandstones, showing small channel infillings. Coir'an Tuirc. 

Plate 14 Typical outcrop of flaggy sandstones of Struie Group, 
Dounie Hill ridge. The lighter-coloured bands are of coarser grain. 
A small erosional structure is visible in the dark band below the 
hammer. 



Plate l~ Brownish ripple-marked siltstones, Coir'an Tuirc. The top 
fev inches are intensely crumpled and overfolded, due to peneconte~poraneoU8 
slumping. 

Plate 16 Thin-bedded sandstones showing ripple-marking. 750 yards 
W.N.W. of Craggan. 



Plate 17. Interbedded sandstones (light) and siltstones (dark). A 
line of isolated sand ripples occurs by the penny. Coir ' an Tuirc. 

Plate 18. Slab of fine-grained sandstone showing casts of mud-cracks 
in a shale layer (now broken away) . Scree, Coir l an Tuirc. 



Plate 19 Zone of contortion in red and yellow sandstones, just east 
of Edderton Quarry. The lower contact of the light-coloured bed shows 
folding into sharp isolated anticlines. 

Plate 20 Zone of contortion in current-bedded sandstones, just east of 
Edderton Quarry. Some of the folds are slightly overturned. The top of 
the disturbed unit is truncated by the base of the undisturbed sandstone 
above. 
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'Pseudonodule zone' about J'feet ',below the calcareous 
sha.le bed, 180 yards 'west, of the foo'tt of Allt' a. i, 

",·Chlachain. ': Bun-shaped structures) comp-osed of, fine 
... sandst.one are bedd.ed. in red. shale (interval structure 

Plate 21,2.) 
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Pta te 23~:, Folded mass of calcareous sandstones and shales, enveloped in 
massive 'sandstone. " An' Caolaa, 'about 400 yards N.W. of scotsbtirn'Bridge. "' 
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Plate 24·Small.taults in sandstone. J,Edderton'Hill.;:, 
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Plate 26. Contorted zone. in flaggy sandstone, east side or Coirt an 
Tuirc. Intensity of crumpling increases towards the top. The 
Overlying beds have an apparently transgressive base which contains 
shale fragments and pebbleso 

Plate 27 . Siltstones , showing minutely cross-laminated zones 
(represented diagrammatically separated by thicker 
cross-laminated units . linute croso-lamination at ~ase 
thrown in convolutions . Sfruie Grin .. p, Crt!!ag Chrt.<lnn . 



Plate 2~ Conglomerate, containing a large block of Moine Granulite. 
About 50 yards W.S.W. of summit of Struie Hill. Bedding, in such 
outcrops as this, is very obscure. 

Plate 29 Interbedded thin conglomerates and pebbly flags. 
180 yards east of summit of Struie Hill. 

About 



~-1Q Portion of bed of calcareous shales with limestone bands. 
Shore north or Hilton of Cadball (on eastern limb of Black I Ie 
1 syncline,). This is typical of the nodule-bed lithology of the 
Middle O.R.S. 

. ,.;' _ . 
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Plate 31 Thin section of pebbly band in sandstones, west end of 
Coir'an Tuirc. Crossed nicola. There is a large granulite pebble on 
the left, and adjacent to it a fragment of twinned plagioclase. Grains 
close seto 



Plate 32 Thin section of calcite-cemented sandstone, Dounie Hill ridge. 
Ordinary light. The grains are generally angular. 

I",m. 

Plate 33 Same field as Pl.)2. Crossed nicols. Calcite is seen pene
trating and replacing quartz grains just above the conspicuous biotite 
flake near the centre. 



x 200 

Plate 34 Typical textural relationship between calcite cement and 
clastic grains. Sandstone, Dounie Hill ridge. 

Plate 32 Thin section of sandstone, showing closely interlocking 
grains of quartz and feldsparo Irregular patches of ~alcite occur 
between the grains, and appear to replace them (eg a little S.W. 
of the conspicuous microcline). Coire Mor. 

'''' .... . 



Plate 36 Thin section of brown fine-grained sandstone or siltstone, 
Lochvie Burn - Intense iron oxide staining in finer-grained bands. 
Coarser parts calcite-cemented. Ordinary light. 

I",,.., . 

Plate 31 Thin section of calcite-cemented brown siltstone, showing a 
~and rich in micas and dark iron oxide. Many clastic grains are oxide
coated. Ordinary light. West end of Creag Chruinno 



Plate 18 Thin section, showing bone fragment within sandy band in 
a grey siltstone. Lochvie Burn. Ordinary light. 

Plate 39 Thin section, showing plant fragment in grey siltstoneo 
Lochvie Burn. Crossed nicols. 



Plate 40 Thin section. Calcareous siltstone with tongue of richly 
calcareous sandstone. Ordinary light. Coir 'an Tuirc. 

I ItIm . 

I"",,.. . 

Plate 41 Thin section. Sandstone, Edderton Hill. Crossed nlcole. 
Close texture ls due to secondary enlargements of quartz grains, seen 
best below the centre. There is a dark chert grain to the left of the 
centre and altered feldspar grains at the bottom right. 



Imm. 

Plate 42 . Thin Section. Whitish sandstone Tain ~uarries . Cros~ed 
nicols. Close texture is due to enlargement of quartz grains (e.g. 
just above the rounded microcline) . Patches of granular Kaolinite 
(dark) occur bet~een the grains in the too right hand corner . 

Il\1 m. 

Plate 43 Thin Section. Red-bro~n sandstone . Head of Red Burn. 
Ordinary Light . Sand grains rimmed by red iron oxide \Ihich forms 
denser patches in places. Grains angular . Kaolinite and some 
calcite between them. 
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Plate 44. Thin section of calcareolls sandstone . Red Burn . Grossed 
nicols. Calcite cement often replaces grains along their margins . 

Plate 45 . 
'With lo'West 
sand grains 

Thin section of fine-grained calcareous sandstone associated 
nodule-bed . AlIt a t Chlachain . Crossed nicols . Angular 
are enclosed in an abundant calcite matriX . 
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Plate 46 Textural relationship of Kaolinite and authigenic 
quartz. Sandstone, Edderton Hill. x250. Q - clastic quartz. 
q'-,authigenic quartz.:;, ,K ~Kaolinite., ,,: ,', ,."',~ 
~" " ~::~""~..,~"';! ~ ~ , ~~ !:,~, ~:.'_,{~ _,. ,- .i~ .',~ ~ '.,-
( .... ·.."J~ .. ""',~"i, ~:"" .... ~A\,.' .:tot! ;;..-,~ ",' ". xr '1"~ ~ ~, v "'~ ._~ ~'" .,._. 

~~--j' o~o ·0' 0 0 .0.00· 

t---~~y' 0 • 0 0 oK: 0 0 • 0 • 0 

~---"-J.. 0 .~.' o· ~ oOo! 0 

0, • ~,o • 0 ',' 0 . . -~ ..... . . . . . . 
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. Plate 47 Textural relationship of Kaolinite and calcite. 
S~ndstone, Craigroy Burn. x200. ,The calcite appears to 
replace the Kaolinite.- Q - quartz. K - Kaolinite. C - calcite. 
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Plate 42 Thin section of rock from mylonite zone of Struie Thrust 
Plane. Crossed nicols. Intensely granulised quartzo-feldspathic 
material is penetrated by a dark tongue of mylonite. 
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Plate 50 Thin section oi roc k irom mylonite zone oi Struie Thrust Plane. 
Ordinary Light. Large quartzo-feldspathic iragment in mylonite matrix. 



Plate 21 Same field as Pl. 50. Cros sed nicols. This shows better 
the intense granulisation in the large fragment. The mylonitic matrix 
appears almost isotropico 

Plate 52 Strui Hill from Coi11e Mhor. The fence marks th position 
of the thrust plane. The slopes below are of Moine Schist , while the 
steeper ground above is conglomeratso 
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Plate 53 Coir 'an Tuirc and Creag nan Aighean (on right). The crags 
at top left are massive conglomerate. A veIl-marked fault passes 
along the foot of Creag nan Aigbean. 

Plate 54 Small faults cutting sandstones (light) and siltstones (dark) 
Dounie Hill ridge. The more competent light layers have clearly 
fractured under stress, vhile the dark material has tended to flow. 



Plate 55. Minor assymmetric 
fold in flaggy sandstones. 
750 yards N.E. of Struie (1218 ft). 

Plate 56 Zone of quartz-veining, Dounie Hill ridge. 
this probable fault-zone are much shattered. 

The rocks beyond 
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Plate £1 Alit Dearg, 60 yards below toot of Alltan at Chaorulnn. 
Folded sll,tstones and sandstones of Struie Group_ '.' . 
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Plate S8 Zig-zag folding in siltstones or Strule Group. First 
bend below road bridge (A836). Allt Mulgh-bhlaraldh. 
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Plate '59."Dlr'e'cti;ns ofAxi'a.l ,Pl~~g~ 'of '28;Ini;~~''fol~~;<'where ';. 
angle of plunge indeterminate.' IWhole Struie area. The length 
of the lines is proportional to number of folds plunging into 
each 10 - degree sector. 

Plate 60. stereogram. Axial plunges of minor folds, Struie, S.W. 
of Cadh' Iosal. Lower hemisphere. 
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Plate 61 stereogram. Axial plunges of minor folds, Struie Hill, 
N.E. of Cadh' losal •. Lower hemisphere • 
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Plate 62 Stereogram. Axial plunges of minor folds. Cnoc nan 
Cnaimhseag. Lower hemisphere. 
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Pla.te 63. 

, 3ft· 

B. -

iJft· , 

Profiles of minor folds in Struie Area. Viewed down 
plunge ( W.S.W. ) 

(A) Overturned fold n .W. of Craggan. 

(B) Fold with axial plane fracture.Creag Chruinn. 

(C) Monpclinal fold 500 yards S.W. of Struie Hill. 



Plate 64. 
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Creag nan Aighean Fold. Sketch plan of outcrops N.E. of 
Creag nan Aighean.Conglomerate stippled..· . 


	506781_vol1_001
	506781_vol1_002
	506781_vol1_003
	506781_vol1_004
	506781_vol1_005
	506781_vol1_006
	506781_vol1_007
	506781_vol1_008
	506781_vol1_009
	506781_vol1_010
	506781_vol1_011
	506781_vol1_012
	506781_vol1_013
	506781_vol1_014
	506781_vol1_015
	506781_vol1_016
	506781_vol1_017
	506781_vol1_018
	506781_vol1_019
	506781_vol1_020
	506781_vol1_021
	506781_vol1_022
	506781_vol1_023
	506781_vol1_024
	506781_vol1_025
	506781_vol1_026
	506781_vol1_027
	506781_vol1_028
	506781_vol1_029
	506781_vol1_030
	506781_vol1_031
	506781_vol1_032
	506781_vol1_033
	506781_vol1_034
	506781_vol1_035
	506781_vol1_036
	506781_vol1_037
	506781_vol1_038
	506781_vol1_039
	506781_vol1_040
	506781_vol1_041
	506781_vol1_042
	506781_vol1_043
	506781_vol1_044
	506781_vol1_045
	506781_vol1_046
	506781_vol1_047
	506781_vol1_048
	506781_vol1_049
	506781_vol1_050
	506781_vol1_051
	506781_vol1_052
	506781_vol1_053
	506781_vol1_054
	506781_vol1_055
	506781_vol1_056
	506781_vol1_057
	506781_vol1_058
	506781_vol1_059
	506781_vol1_060
	506781_vol1_061
	506781_vol1_062
	506781_vol1_063
	506781_vol1_064
	506781_vol1_065
	506781_vol1_066
	506781_vol1_067
	506781_vol1_068
	506781_vol1_069
	506781_vol1_070
	506781_vol1_071
	506781_vol1_072
	506781_vol1_073
	506781_vol1_074
	506781_vol1_075
	506781_vol1_076
	506781_vol1_077
	506781_vol1_078
	506781_vol1_079
	506781_vol1_080
	506781_vol1_081
	506781_vol1_082
	506781_vol1_083
	506781_vol1_084
	506781_vol1_085
	506781_vol1_086
	506781_vol1_087
	506781_vol1_088
	506781_vol1_089
	506781_vol1_090
	506781_vol1_091
	506781_vol1_092
	506781_vol1_093
	506781_vol1_094
	506781_vol1_095
	506781_vol1_096
	506781_vol1_097
	506781_vol1_098
	506781_vol1_099
	506781_vol1_100
	506781_vol1_101
	506781_vol1_102
	506781_vol1_103
	506781_vol1_104
	506781_vol1_105
	506781_vol1_106
	506781_vol1_107
	506781_vol1_108
	506781_vol1_109
	506781_vol1_110
	506781_vol1_111
	506781_vol1_112
	506781_vol1_113
	506781_vol1_114
	506781_vol1_115
	506781_vol1_116
	506781_vol1_117
	506781_vol1_118
	506781_vol1_119
	506781_vol1_120
	506781_vol1_121
	506781_vol1_122
	506781_vol1_123
	506781_vol1_124
	506781_vol1_125
	506781_vol1_126
	506781_vol1_127
	506781_vol1_128
	506781_vol1_129
	506781_vol1_130
	506781_vol1_131
	506781_vol1_132
	506781_vol1_133
	506781_vol1_134
	506781_vol1_135
	506781_vol1_136
	506781_vol1_137
	506781_vol1_138
	506781_vol1_139
	506781_vol1_140
	506781_vol1_141
	506781_vol1_142
	506781_vol1_143
	506781_vol1_144
	506781_vol1_145
	506781_vol1_146
	506781_vol1_147
	506781_vol1_148
	506781_vol1_149
	506781_vol1_150
	506781_vol1_151
	506781_vol1_152
	506781_vol1_153
	506781_vol1_154
	506781_vol1_155
	506781_vol1_156
	506781_vol1_157
	506781_vol1_158
	506781_vol1_159
	506781_vol1_160
	506781_vol1_161
	506781_vol1_162
	506781_vol1_163
	506781_vol1_164
	506781_vol1_165
	506781_vol1_166
	506781_vol1_167
	506781_vol1_168
	506781_vol1_169
	506781_vol1_170
	506781_vol1_171
	506781_vol1_172
	506781_vol1_173
	506781_vol1_174
	506781_vol1_175
	506781_vol1_176
	506781_vol1_177
	506781_vol1_178
	506781_vol1_179
	506781_vol1_180
	506781_vol1_181
	506781_vol1_182
	506781_vol1_183
	506781_vol1_184
	506781_vol1_185
	506781_vol1_186
	506781_vol1_187
	506781_vol1_188
	506781_vol1_189
	506781_vol1_190
	506781_vol1_191
	506781_vol1_192
	506781_vol1_193
	506781_vol1_194
	506781_vol1_195
	506781_vol1_196
	506781_vol1_197
	506781_vol1_198
	506781_vol1_199
	506781_vol1_200
	506781_vol1_201
	506781_vol1_202
	506781_vol1_203
	506781_vol1_204
	506781_vol1_205
	506781_vol1_206
	506781_vol1_207
	506781_vol1_208
	506781_vol1_209
	506781_vol1_210
	506781_vol1_211
	506781_vol1_212
	506781_vol1_213
	506781_vol1_214
	506781_vol1_215
	506781_vol1_216
	506781_vol1_217
	506781_vol1_218

