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ABSTRACT 

The Carswell circular structure comprises a nearly circular 
downdropped block about 25 miles ( 39 kilometres ) in diameter, set in undis­
turbed e lastic se dimentary rocks of the A thabasca Formation. Inside the 
circular block, the Carswell dolom ite, 610 feet (1 85 metres) thick, is 
exposed in a marginal ring syncline intricate l y folded and deformed. The 
Athabasca Formation, re l a tivel y flat l y ing a nd undeformed is exposed in a 
ring between the Ca rs well Formation an d a central core of basement complex 
about 11 miles ( 18 k ilometres) in diameter . The basement compl ex is char ­
acter i ze d by deformation lamellae on quartz, ascribed to high shea ring stress 
under high confining pressure, and by local potash metasomatism and iron 
depletion. Both of these features a re assoc iated with fault zones in which 
l ent i cul ar masses of Cluff b r ecc ia a r e found. Brec c ias of similar styl e are 
a l so found in fault zones in the A thabasca and Carswell Formations . 

An hypothesis of origin b y extraterrestrial impact is considered 
and rejected . The cause of the structure is cons ide r ed t o be diapirism of the 
basement caused either by igneous intrusion, or more probably, by concen­
tration of volatiles at dep th . The rising diapir dragged up the A thabasca 
Formation along its flanks, red uc ing it to a series of concentric fault sl ive rs. 
The Carswell Formation at first d omed ove r the rising diapir, then slid down 
the flanks of the d ome accumulating in fo ld s concentric to the dome. The 
last stage of activity was marked by escape of volatiles, produ c ing meta­
somatize d breccia zones along the e d ges of the diapir, and causing eventual 
collapse of th e structure . This stage culminated about 475 milli on yea rs 
before present. 

The Carswell circular s tru ctu re is s tructurally similar to o ther c ir­
cular structures di sp l aying cen tral uplifts a nd shock metamo rphism, bu t dif­
fers from them in the lack of igneous phenomena. 
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Scarp in the Ca rswe ll F o rma ti on fa c ing outward over the 
Athabasca Formation which is expose d across the v alle y. 

ote the dip of 40 d egrees in the st r ata . (GSC 120157) 



GEOLOGICA L NOTES ON THE 
CARSWELL CIRCULAR STRUCTURE, SASKATCHEWAN 

INTRODUCTION 

L ocat i on and Access 

The Carswell c ir cular stru c ture in northern Saskatchewan, is cen­
tred approximatel y at 58 °27' north, 109 °30 1 west. Carswell Lake lies about 
70 mi l es (11 0 kilometres) south of Ur anium City, and 325 miles (515 kilo­
metres) northwest of Prince A lbert. Carswell and Cluff Lake s are readily 
accessible by float equipped aircraft, which can be cha rte .red at Uranium Cit y , 
and several of the smaller lakes can be used by light float equipped ai r c raft 
under favour able weather conditions. Carswell Lake is also accessible by 
canoe from Lake A thabasca via William River. 

Physical Featu res 

The Carswell structure is on a surface of low relief rising gently 
from Lake A thabasca to the southeas t. A lthough there is some swamp, par­
ticularl y t o the north of the structure, the surface i s generally sandy and 
supports a rather sparse forest of jack pines and spruce with little under ­
brush . 

The st ru cture itself consists of four distinct parts: (1) the rim, 
(2) the marginal depression, (3) the inne r slope , and (4 ) the central highland. 

The rim is marked by an inner ring of cliffs about 18 miles (29 
kilometres) in diameter, va r y ing from 50 to Z 10 feet ( 15 to 65 metres ) in 
height, and an outer ring of less precipitous cliffs some 25 miles (39 kilo ­
metres) in diamete r (Frontisp iece). This annular highland, about 7 m iles 
( 10 kilometres) wide, has abundant outcrop and is top ographicall y rugged, 
with 145 to 210 feet (45 to 65 metres) of abrupt local relief. The only major 
breaks in the rim are a 7 mile ( 10 kllometre) gap in the west rim between 
Points Lake and Badwater Lake, a 3 mile (5 kilometre ) gap near the junction 
of Beaver Creek and Doug l ass River , and a split in the north rim occup ied by 
Carswell Lake. Just inside the bounding cliffs is a pronounced marginal 
ditch 0 . 6 to Z miles wide ( 1 t o 3 ki l ometres wide) . This d ep r ess i on is marked 
by a continuous chain of lakes a nd swamps , on the inner side of which the 
ground rise s gentl y, exposing considerable rock ou tcrop partially vene ered 
by sand plains . The central core of the s tructure, about 11 miles ( 18 k il o ­
metres ) in diame ter, is 100 to ZOO feet (30 to 60 metres) higher than the rim, 
but little outcrop is exposed, much of th e area being cove red by swamp . 

M a nuscript r ece ived: March 8 , 1967 
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G eolog i cal Work 

The dol omi t e wh i ch ou tlines an d charac terizes the structure was 
discove red by Blake ( 1956), who examined the p r ominen t cliffs ext end ing some 
m iles east and wes t of Carswell Lake . Blake recognized the intrica t e l y 
defo r me d character of the rock , and i t s struc tu r a l complexity . W . F . Fah r i g 
( 1961 ) , in the course of an e;xaminati on of the Athabasca Formati on , mad e an 
a d ditional reconnaissance s tu d y of the d olomite , naming i t the Carswell 
Formation . Fah r ig d i scovered that the dolomite ou t cropped in a n a l most 
compl e t e circle some 2 5 mi l es ( 39 ki l ome t res ) in oute r d iame t e r, and that th e 
outc r op had th e general form of a syncl inor ium . F ahr i g menti oned, bu t did 
not observe , outc r ops of pre - Athabasca basement compl ex . T hese were 
exam ine d in the course of a g r avity survey of the st r uc ture in 1962 (Innes , 
1965) . T h is survey a l so d iscovered outc r ops of unusua l brecc ias east of 
Cluff Lake . 

The p r esent stud y is based on 3 mon ths of fi eld wo r k in 1964 , d u r­
ing which time a ll parts of the struc tu r e not cove r e d by swa mp we r e traverse d 
by pace and compass me thod s at in t erval s of abou t h alf a m i l e . Pa rti cula.r 
attention was paid t o ( 1) the di spos it ion and struc tu r e of t he Ca r swell 
Fo r mation, (2 ) the r elat i on of the Carswell Fo r mati on to the A thabasca 
For ma t ion and the crys ta lline basement, and ( 3) the fabr i c of th e c i rcul ar 
structure . 

Acknowl e d gment s 

The author w i shes to acknowl e d ge effi c i ent assis t a n ce in the fi e ld 
by R . Mc L augh lin . Di scussion s w ith W .F . F a hr ig an d M . R. D ence cla r ifie d 
many poin t s in the au tho r ' s m ind conce r n ing the s truc tu r e. T h e man usc ript 
has been greatly imp r oved by the cr iti cal r eadin g of J , E . Reesor. 
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G ENERAL GEOLOG Y 

Int r od uc ti on 

T h e Ca r swe ll struc ture li es in the m idst of a g r ea t s h ee t of nea rl y 
fla t - ly ing elast i c , sedimentary rocks, the A thabasca F ormat i on . Four maj or 
r ock u n it s out c r op w ith in the Ca r swell st r uc tu r e . S teeply dipp ing gran ite 
gn e isses , lit- par -l i t g n eisses and r e l a t e d r ocks , presumed t o be of C h u r c h ill 
age , f o r m a cent ralcore , ove rla in w ith grea t u n conform ity by a concentri c 
ring of con glome r ate, g r it, and sand s t one, the A thabasca F o r mat i on . In this 
a r ea the Athabasca F o r mat i on can be di v ide d int o two units on the basis of 
s light d iffe r ences in g r a in size a nd col ou r. T h ese un it s a r e ove rla in poss ib l y 
w i th s li ght uncon fo r m it y , or thin int e r ven ing fo r mations, by th e Carswell 
d ol om ite which may be di vided in t o two un it s on th e bas i s of s lightly differ ing 
physical c h a r acte r s . A ll of these r ocks are cut by d yke - like bodi es of C l uff 
b r ecc ia fillin g t r ans cur r ent fault s . R e l a ti ve l y th ick d e p os it s of unconsolidated 
mat e ria l, p rinc ipa ll y g l ac ial t ill s and ou twash, obscu r e th e bedr ock over 
mos t of the area . B e dr ock exposu r e is es t imat e d t o be l ess than 1 per cen t 
of the map - a r ea , excep t on th e r im wh e r e i t is 10 to 2 0 per cent. 

Basement Compl e x (Un it 1) 

Dist r ibu ti on The basemen t comp l ex consis t s chi efly of s t eepl y d ipping 
g r an itoid gnei sses w i t h generall y southeas t erly st rike s. These r ocks ou t ­
c r op a r ou n d the e d ge of a rou ghl y c ir cu l a r centr a l co r e abou t 11 m iles ( 18 
k ilome tr es ) in d iame t e r , and a r e bes t exposed north and eas t of C l uff L ake . 
A s ing l e out c r op i s k n own from about 1 m il e w e s t of the centr a l co r e . Out­
s ide th e Ca r swe ll s truc ture, th e n ea r es t ou t c r ops of c ompar abl e rocks a r e 
on the no rth sho r e ·of L ake A thabasca , abou t 60 m iles ( 100 k ilome tr es ) away . 

E as t of Clu ff L ake, an outli e r of th e l owe r A thabasca F o r mat i on 
i s foun d res ting u n conformabl y on th e bas ement rocks . T he bound a r y of the 
centr a l co r e i s poo rl y e xp osed , bu t w h e r e i t i s e xpose d eas t of C luff L ake, it 
is a fau lt contac t be tween the basernent complex and the Ath abasca F o r ma t ion . 

M ac r oscopi c cha r a cte r Ou t c r ops o f the b as e ment comple x con s i s t o f lit-
pa r - lit gne is s , hyb rid gneisses, g r an ite gn e i ss , and mass i ve g r an ite 01:-Peg ­
matite in va r y ing pr opor ti ons . Boulde r s of a m p hibolite occu r sou th of 
C a r swe ll L ake . M os t of the r ocks a re b ri ght r e d due to i ron s t a ining. 

The gne i sses a r e comp ose d of v er y regul a r , even l ayers 0 . 08 inch 
to 3 2 fee t (2 m illim etre s to 10 met re s ) in w idth. T hey show st rong fissi lit y 
a l on g gne i ssos it y planes , an d t h e pa rting p l a n es di sp lay compl ex s li cke ns ides . 
The mafi c minerals a r e soft, g r een , and a lte red in appe a r ance . Gr a niti c 
ma t e ria l may be p re sen t as thin , well-de fin e d bed s , boudin s , ir regul a r b r ec ­
c i a filli ngs, o r int ima t e l y m ixe d irr egular bodi es . T h is type ofhyb r i d mate ri a l 
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is l ocall y replaced by mo r e h omogeneous gne i ssic b i o tite g r an it e , or massive 
pegmatite . Thi s mate ri a l forms small pods o r l enses w ith in a gene r ally 
hybrid terr ane . 

Lithol ogy and comp os iti on The bas ic band s in the gn e i sses consi s t of p l ag i­
oclase (An30 ) , gene r a ll y creamy fr om a lt e r a ti on, and in places a lmos t opaque, 
t oge th e r w ith severely chl or iti zed hornblende (zJ\c 0 - 8 ° ) and a little magnetite 
and p yri t e . G a rnet i s l ocall y present as pale p ink a llotri omorphi c grains, 
and in some in s tance s the r ock is a quar t z - ga rnet - plagioclase g n e i ss . H e r e 
a nd th e r e quartz i s abundant in polyc ry s t a lline lenticles and mosa ic patches 
a nd may s how multiple se t s of deformati on lamellae . The g r ani tic fr ac ti on 
comp ri ses 25 t o 60 per cent qu a rtz, 30 t o 50 per cent m i c rocline in the f orm 
of large , irr egular grains, 10 t o 25 per cent a lbitic plag ioclase, a nd m inor 
biotite. In th e g r an itic ro cks th e potash feldspar i s generally so i r on - s ta ine d 
as t o be vi rtua ll y opaque. A lte ration of mos t spec imens by formation of 
s h eaves of chl o rite, r a r e l y epidote , a nd cryptic brownish o r cr e amy a lte r a ­
ti on p roducts is fa r a d vance d. Mod a l anal yses of some selected spec imens 
a re g iven in Tab le I. 

In v iew of the high degre e of a ltera ti on of th e basement rocks , 
c h emical anal yses may y ield information on th e geoche m ical processes a t 
wo r k . In T able I a re tabulat e d analyses of four channel samples of th e base ­
ment agg re gating abou t 50 pounds each a nd cove ring the range of composit i ons 
encountered. A s there is no priori reas on to give m o re impor tance t o one 
specimen than to another , the four spec imens h ave been ave r aged to y i e ld a 
crud e es t imate of the ave r age composition of the · basement ro cks . The mag ­
nitude of th e stand a rd d ev ia ti ons s h ows this es timate to be, a t bes t, very 
a pproximate . 

Di scussion and conclu s i ons The de epl y altered c h arac t e r of the basement 
r ocks , together w ith the rubbly, fr ac tur e d cha r ac ter of the outcrops could be 
due to di s ruption during the form a ti on of the Carswell struc tur e . However, 
Conybea r e a nd Campbell (1 9 51) des cribe essent ia ll y identi cal r ocks fr om near 
Ur a nium City a nd a brief examina ti on of these rocks by th e auth o r confirm e d 
the similarity in d eg r ee o f a lterat i on, iron s t a ining , a nd fis s ilit y . 

Exam ina ti on of th e ave r age compos ition of the b asement in T able II 
r eveals no ma r ke d pecul iari ties except an unusually high content of potash . 
No chemical a n a l yses of th e g r an itoid gneisses in the Uranium City a r ea a r e 
ava ilabl e t o the w rite r, b ut Conybeare, quoted by Chri stie (1 9 52, p . 45) 
measured the modal composition of ten of these r ocks , ob t a ining a mean 
microcline conten t o f 2 1 . 1 per cent a nd a mean muscovite content of 5. 6 pe r 
cent, corresponding to roug hl y 4. 3 pe r cent of potash. H oweve r, if two anal­
yses which showed no potash-bea ring mine ral a t a ll a re di scard e d, themicro­
cline a nd m uscov ite contents ri se to 26 . 5 and 7 . 0 per c ent re spect ive l y , 
equ ivalent to slightly ove r 5 per cent potash . · Re esor ( 1965, pp . 8 - 11) con­
side r ed the average compos iti on of a 'v eine d gneis s 1 compl ex in southern 
British Columbia, under va ri ous assump ti ons as t o the rela ti ve abundance o f 
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T able I 

Chemica l ana l yses of rocks from the basement complex 

(Anal yst: S . Courv ille, analyses by rapid method ) 

Standard 
Specimen Numbe r 35 77 82 119 Average Deviation 

Si 0 2 63 . 74 . 70 . 0 59 . 66. 75 5 . 82 

Al2o3 
20 . 0 II . 6 17. 4 18 . 8 16 . 95 3 . 21 

Fe2 o3 
. 6 3 . I. 3 2 . 2 . 20 0 . 77 

FeO 1. 1 6 . 0 . 2 4 . 3 . 2 2 2 . 59 

CaO 0 . 6 0 . 6 0 . 3 3 . I. 15 I. 14 

MgO 0 . 8 I . 0 I . I 1. 6 1. 12 0 . 59 

Na2 o 2 . 9 I. 0 2 . 3 2 . 2 . 17 0 . 71 

K2 0 8 . 33 a . so 7 . 53 4. 30 5 . I 7 3 . 16 

MnO 0 . 05 0 . 25 0 . 11 0 . 0 1 0 . 11 0 . 07 

T i 0 2 0 . 25 0 . 11 0 . 02 0 . 88 0 . 32 0 . 3 1 

P20s 0 . 05 0 . 1 1 0 . 07 0 . 22 0 . I I 0 . 06 

H 2 0 0 . 5 l. l 0 . 9 1. 9 I. 10 0 . 5 

C 0 2 
0 . 2 0 . I 0 . I 0 . I 0 . I I 0 . 03 

99 . 88 100 . 77 100 . 33 I 00 . 5 1 100 . 08 

M oda l analyses of rocks fr om the bas e ment complex 

(based on 2000 points counted on two thin sections on a grid 0 . 3 by 0 . 9 mm) 

Spec im en Number 35 77 82 119 

qua rtz 28 . 2 57 . 2 40 . 3 32 . 
plagioclase 16 . 8 12 . 9 29 . l (An 28) 
m ic r o cli ne 4 3 . l 7 . I 28 . 6 II . 2 
ho rnbl ende 4. 3 
bi otite 8 . 2 10 . I 
c hlo rite 3 . I 2 . 2 I. 0 14. 8 
garnet 21. 3 
zi r con , apalite 0 . 2 tr 0 . 2 0 . 3 
opa que 0 . 6 0 . 3 2 . 3 
a lte r a ti on p r oduc ts 4 . 5 11. 6 8 . 5 0 . 2 
g lass tr tr 

D escription of specimens 

35 Coa r se . g raine d, re d, gn ei ss i c grani te , with shea r ing on gne i ssosity , 2 km west 
of south end of Ca r swell Lake . 

77 Coarse.grained quartz - garnet matrix with feld spar porphyrobl asts to l cm 
diamete r. 5 km northeast of Cluff Lake . 

82 Med ium -gra ined, massive leuco- g ra ni te w i lh net fracturing, redd ish alte ration 
spots . 6 km no rthwest of Cluff Lake . 

1 19 Finely ban ded lit- pa r -lit gne iss of a m ph ibolite and re d pegma tite , Badwate r 
Lake area . - - -
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the component parts. Assuming equal amounts of the 'vein ' and ' gneiss 1 com ­
ponent, a proportion appropriate to the Carswell Lake rocks, he obtains 4.40 
per cent potash for the average composition . Allowing for the fact that the 
sampling of the rocks in the Carswell structure is probably biased toward 
high potash content because granitoid rocks were relatively sound and easily 
sampled, the potash c ontent of the basement rocks probably does not differ 
significantly from the potash c ontent of either similar rocks in the general 
region, or complexes of similar rocks in other regions. If enrichment in 
potash has taken place it must be slight . 

The rather unusu._l physical character and composition of the base ­
ment rocks may be due to processes connected with formation of the circul ar 
structure, but rocks of similar character and composition outcrop outside the 
structure. If these characters result from formation of the circular struc ­
ture, the processes of formation must have much in common with conventional 
geologic processes . 

Athabasca Formation (Units 2, 3) 

Distribution The Carswell circular structure occurs within a great shee t of 
nearly flat-lying, elastic sedimentary rocks, the Athabasca Formation, which 
coversan a re a of245 m iles(390kilometres) from east to west - 130 mile s 
(210 kilometres) from north to south. Within this vast sheet, the only known 
localities at which other rock types are exposed are within the Carswell 
structure. 

In the vicinity of the Carswell structure the Athabasca Formation 
is exposed outside the rim, and immediately inside it. The outcrops in sid e 
the rim form an annulus surrounding the central core of basement rocks pre ­
viously described. East of Cluff Lake a large outlier of Athabasca Formation 
rests on b a sement rocks with unconformity. At one exposure, light col oured 
sandstone rests on scoured, relatively unaltered basement rocks, whereas at 
another exposure about 3, 300 feet ( 1 kilometre) to the south, red to purp l e 
conglomerate rests on rotten reddish basement rocks with perceptible sul ­
phide mineralization. Conglomerate, believed to be at or near th e base of 
the Athabasca Formation is also exposed near the basement outcrop southeast 
of Points Lake. 

The thickness of the Athabasca Forination has been studied by 
Hobson (personal communication) using seismic refraction techniques . These 
results will be discussed in detail in a later section, but lhey suggest that the 
Athabasca Formation is relatively thin in the region surrounding the Carswell 
structure . Detailed gravity surveys by Innes ( 1964) within the struc tur e sug ­
gest a very variable thickness for this formation, ranging from zero up t o 
possibly 2, 700 fee l (830 metres). Outcrop is so poor that direct measurement 
is not feasible . 
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Within the Carswell s truc ture the A thabasca F ormati on can be 
div ided into two unit s on the basis of col our and texture. The lower member 
(Uni t 2 ) is b r igh tly col ou r ed in shad es of red, purple o r iridescent black . 
P ebbl e bed s are common , usuall y consis ting of a s ingle layer of well rounded 
frosted quartz pebbl es up t o 0 . 4 inch ( 1 cent ime tr e ) in diameter . Be twee n the 
pebble bed s the rock i s coarse, po r ous sand stone and most of the g r a ins 
exceed 1 millimetre in diameter. Graded b edding , c rossbedding and scou r ­
and-fill s tructures a r e common . Th i s membe r is re a dil y recogni zed on aerial 
p h otographs becau se it suppo rt s vege tation w hich imparts a markedly darke r 
hue than the upper part of the A thabasca. This cri terion has been used to 
draw the bound ar ies on the map . The upper membe r (Unit 3) cons i sts of 
white to pale buff , rarely orange , h omogen eous o rth oquart z it e . Pebble beds 
are rare, and be ddin g or oth er sedimenta r y s tru c tur es are inconspicuous o r 
absent. 

Macroscopic c h arac t e r The lowe r member (Unit 2 ) ou t crops in rubbly, 
roun d e d masses w ith a great deal of l oose sand y material from the d ecom ­
position of the rock . Col our band ing is normall y regular, but in some ou t­
c r ops is s tr ongly lens oid. In a few out crops whitish subparallel s treaks cut 
ac r oss the col ou r band ing , apparently followin g minute cracks . On e ou t crop 
east o f Cluff L ake has a r emarkabl e grid-like surface pattern. M il dl y sheared 
material occurs southwest of Beaver L ake . H emati te forms s li ckensi d e d 
films be tween la ye r s of sandstone . Att itu d es a r e not easy to d etermine in 
thi s rock because of the d ecompose d nature of th e outcr ops . 

The upper member (Uni t 3) outcrops in rubbl y knobs (Fi g . 2) and 
l ess commonly as low scarps. A close exam inat i on w ill generall y disclose 
some orientati on of grains d e fining bedding, but some outcrops appea r per­
fectly h omogeneous an d massive . The rock h as well d eve l oped o rthogonal 
joint s , g iving a character i stic b locky appearance. S ign s of shearing have not 
been found in th i s r ock, but a few ou t crops show a pervas ive fine fracturing, 
r ecogni zabl e in specimen s as a fine tracery of w hite lin es . On one ou t crop 
south of Points Lake, the scale of fr actur ing i s l arger , and the rock i s a 
breccia of fr actu r e d r otated fragments a few centimetres in diameter embed­
ded in irregular masses of finely c r us h e d mater i a l. Boulders of s imilar 
mater i a l we r e noted by Fahrig ( 1961, p . 20) west of Carswell L ake . 

Lithol ogy and composi ti on The lower member ranges in compos iti on from 
coarse quartzose sand s tone to conglomerate . In thin section the rocks are 
monotonous, cons i st ing principally of moderately r ound e d, s ing l e or poly­
crystalline grains of quartz, w ith very rare gra in s of potash fel d spar o r 
myrmekite . Despite the strong reddish col ours, th e cement is carbonat e in 
a ll but one of the thirteen spec imens examined which has h ematite cement. 
The d egree of round ing of g r a ins is m arke dl y d epend ent on s i ze . Gr a ins 
larger than 2 in illimetres in diameter a r e well rounded, whe r eas those les s 
than 1 millimet r e in diamete r a r e markedly angula r w ith many j agged sp lin ­
ters of qua r t z . The majorit y of g r a ins a re unstrained, but a few polycrystal ­
line gra ins show mosaic struc ture, mod erate strained extincti on an d poorly 
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Figure 2 . Typical outcrop of Athabasca Formation east of Cluff Lake. 
(GSC 120155) 

developed Boehm l amellae . Samples frorn the outlier east of Cluff Lake dis ­
play numerous grains with radial c racks and strain shadows where a dj acent 
grains are in contac t. 

The upper member of the Athabasca Formation is compose d of 
ren1arkably uniform, medium- grained, we ll rounded, well sorted quartz sand. 
Ove r 99 per cent of the grains exam in e d were quartz. A few microcline and 
tourmaline gra ins make up most of lhe remainder. The lack of heavy min ­
erals is noteworthy. As with the lower member the degree of r ounding is 
d epend ent on size of gra in, and some minute angular blades of quartz are 
present in the cement . The cement may be qu a rtz or carbonate , or rarely 
carbonate plus hematite. In some cases, sandstones with quartz cements 
have been change d to quartzite, with the matrix in optical continuity w ith the 
gra in s . 

The breccia previously noted is not impressive in thin sec ti on. 
The fragments are identical to the unfragmented rock, whereas the matrix is 
simply fine, angular , quartz fragments . 

A chemical analysis of the upper member is given in Table IV, 
where the chemical data are di scussed. 
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Di scu s s i on and conclus i ons Fahrig ( 196 1) was unabl e to subdiv id e the 
A thabasca F o rmati on on a regional scal e . It is probable, therefore, that the 
div i sion used in this report is of very local value. The lower member is of 
unce rta in but slight thickness. Its appearance in J ackfish Creek a few kilo ­
me tr es north of the structure confir ms that th e A thabasca F o r mat ion is rather 
thin in this r eg i on . This makes it more plausible that an outlier of the pre­
A thabasca basement should appear, but makes the occurrence of the Carswell 
F o r mat i on an acu te problem. In any case the general pe tr ographi c charac t er 
of A thabasca Fonnati on suggests that the formation of the c ir cu lar structure 
did not pr o duce e ither vio l en t d isruption o r s tr ong chem ical ac ti on in this 
form a tion . The character of the breccia is consistent w ith that of local fault 
b r eccias observed e l sewhere in the A thabasca ( cf. F ah ri g, 1961, p. 15). 

F ahr i g (1 961, pp . 32 - 34) sugges ts that the probable age of the 
A thabasca F o rmation i s of the or d er of 1500 m illion years . Gu ssow ( 1959 ) , 
however , has claimed that the formation is probably D evonian in age . Thi s 
l a tter sug gestion is refute d by the age d etermination of 4 76 milli on yea r s for 
th e Cluff b re cc ia s which intrude the A thabasca Formation. 

Carswell F ormation (Units 4, 5) 

Di str ibution Outcrop of the Carswell F ormation i s ma inl y confin e d to the 
rim of Carsw e ll c ircula r structu r e , but small outliers a re found within the 
rim . Borings through the Athabasca Formation near Fond du Lac, about 75 
mi l es ( 12 0 ki l ome tr es ) east of Carswell Lake penetrated no carbonates (L. C . 
H ogg , pers onal communicat i on) , and F ahr ig ( 1961) saw no carbonate rocks in 
the Ath abasca Formati on , except in th e Carswe ll struc ture . 

Thin bedde d grey dolomite of the Carswell Formation confo rm ab l y 
ove rli es w hite to yell owish , medium - graine d homogeneous quartz sandstone of 
the uppe r member of the Athabasca Formation on a low scarp 3. 7 miles (6 
k il ome tr es ) northwest of Eastrim L ake . Ten fee t ( 3 me tres) of section a r e 
covered at the contact west of Carswell L ake , an ou tli e r of Ca r swell 
Formati on a pp ea rs to lie confo rmably on white sandstone of the upper 
A thabasca F o rmation, but the a rea wi t hin 160 feet ( 50 metres) of the contac t 
is not exposed. On th e west shore of Carswell L ake just sou th of the cliffs of 
d ol omi t e, 20 feet (6 metres) of de compose d red shal e ou t crop , dipp ing 
beneath the Carswell F ormation. This ou tcrop i s mapped as part of the 
Ath abasca F ormati on by Fahrig ( 1961) who notes ( op . c it., p . 7) that else­
whe r e in the A thabasca the th ickes t known shale bed is about 5 feet ( 1 . 5 
me tr es ) thi ck . Rubbl e of s imilar shale was seen beneath the Carswell 
F o r mati on sou th of Bad water L ake . 

The Carswell Formation h as been di vi d e d into two membe rs on the 
basis of di ffering phys i cal c h a r ac t e r. The lower membe r (Unit 4) i s com ­
posed o f thinl y bedd e d, fissile d olomite w ith many calca renit e and stromato ­
lite zones . The top of this member i s d e fined as the uppe rm ost stromatolite 
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zone and above this the character of the r ock chang es rapidly into thi ckl y 
bedded, massive dolom ite ass i gne d t o the upper member of the Carswell 
F o rma ti on (Unit 5) . 

P oo r exposure of the base of the Carswell Format i on makes it 
diffi cult to measu r e the thi ckness of the lowe r member (Uni t 4) . Using the 
cliff northwest of Eastrim L ake and marker h orizons dis cussed be l ow , a com ­
posite sec ti on h as been const ructed fr om 10 different localities, to t a ll ing 2 95 
feet (90 m etr es), w ith an estimate d unce rta inty of 3 2 fee t ( 10 metres). 

The upper member (Unit 5) ou t crops in a narrow band extending 
a lm os t 12 m iles (20 k ilomet r es ) west from Carswell L ake, bu t occurs e ls e ­
w here onl y as lenti cul a 1 a r eas less than 1. 2 miles (2 k ilom e tr es ) in leng th. 
The exposed thickness of the upper member is diffi cult t o d ete r m ine r e li ably 
becau se o f th e high d egree of s truc tu r al di stort i on of this unit . A con t inuous 
section o f r e l a tivel y undisturbed material measuring 32 2 .fee t (99 me tr es ) 
occurs jus t wes t of Ca rswell L ake . The thickness involve d in o ther occur ­
rences is thought to be much less, p r obabl y not exceedin g 45 fee t(l5 metres ). 

Macroscopic characte r The l owe r member of the Carswell F ormati on (Unit 
4) is the bes t exposed bedr ock unit in the Carswell s truc tur e . Almost contin ­
u ous j agged cl iffs of dolom ite ma r k the in s ide a nd out s ide of the rim, l ocall y 
re aching 210 fee t( 65me tr es ) in height. The lowest exposures o f th e C arswell 
F o rma ti on con sis t of tabular , angula r, s lickensid e d . fragments up t o a few 
in c he s in diame t e r, cemente d by identical, but mass ive , browni s h g r ey d olo ­
mi te. Above the basal b re ccia zone is a charac t e risti c sequence of oolite ­
calca r en ite bed s w hi ch form layers a few inches thick interbedd e d w ith pal e 
grey non- fr agmental dolomit e . The calcarenite la yers cons i st o f oolites up 
to 0.12 inch ( 3 m illime tr es ) diame ter and flakes of s imila r s i ze r esulting 
from brecc ia ti on of the thin non - fragmental laye rs . The brecciated mat e ri a l 
in the bed s consis t s of thin di scs of dolomite a few millimetres in di ameter, 
well r ound e d in plan. The a lignment of the di scs on the bedding plane is per ­
fect. These outcr ops suggest packed confe tti. The amount of fr agment a l 
material appears t o inc re ase fr om no rth to south, but both oolites and frag ­
ments a r e p r esent in a ll the occu rr ences of this h or izon examined . The dis ­
tinctive beds are included in a 35 - to 50-foot ( 10 to 15 metre ) section of paper­
thin bedded dol om ite w ith perfect cleavage (Fig . 3) w hich can be traced 
a r ound the struc ture thus formin g a n excellen t ma r ke r horizon . 

The beds of pale g r ey d ol om ite r ange in th ickness from paper thin 
t o about half an inch and a re cha r ac teri zed by a perfect parting between beds, 
g iving the rock a s l aty appearance. The thi ckn ess of bed s c h anges very 
slowl y, and section s of several feet a r e compose d o f v irtually identical beds . 
The average thi ckness g r a duall y increases w ith height r eaching a thickness of 
2 to 3 inches (5 to 7 centimetres) about 32 5 feet ( 100 metres) above the base 
of the formation . A t this level the rock is a ve r y r egul a rl y bedd e d flagg y 
d ol omite. 
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Figur e 3 . Paper-thin bedded dolomite, Points Lake area. (GSC 120146) 

Figure 4. Str omatol i tes, along west shore of Carswell Lake. (GSC 120147) 



- 12 -

Stromatolites (Fig . 4) are di stribute d irregularly throughout this 
flaggy material. W h ere best d eveloped the y comp ris e bun - shaped structures 
12 to 20 inches (30 to 50 centimetres ) in diameter composed of concentric 
l ayers of carbonate one - half to one centimetre thick. The l ayering of the 
s tromatolites is much thinner than that in th e su rr oundin g rocks . Between 
the l ayers there a re fine seams of dark ca rbonace ous matter , o r fine d etrital 
ma t erial. The height to w idth rat i o of the st r omatolites tends to be abou t 1: 3 
to 1:4. The surround ing be d s a r e deflected around the pro tuberances , rathe r 
than terminating against them. Stromatoli t es occur in colonies of several 
dozen, occup ying a few cub ic me tr es . The sur r ounding area may be a l mos t 
barren . Stroma tolites have been used to determine tops of bed s , on the 
assump tion that the convex parts points upward, and the stromatolite be d s 
have been used for marker ho ri zons . This latter use is not entirely reliable 
as a few s tr omatolites occur lower in the section . These tend to be very 
much smaller , and show ve r y fine regular banding . 

T h e lower member of the Ca r swell Formation is c h aracterized by 
an extraordinary va riety and abundance of brecciati on (Blake, 1956; Fahr i g , 
1961, p . 19) . The s l aty , s li ckensided material at the base of the fo r mat i on 
h as a lrea d y been ment i oned. In a dditi on there are numerous areas several 
tens of squa re metres in extent where the rock is broken into innumerable 
blocks 2 to 3 inc hes ( 5 to 8 centimetres ) on an edge , and each block i s rotated 
15 de grees or 20 d eg rees w ith respect to its neighbour. The blocks are cem­
ented toge ther by a small amount of matr ix identi cal in compos iti on t o the 
fr agments . Outcrops of this kind give a remarkable impression of z ig - zag 
strikes. Beds can often be followed ac r oss the ou t crop as st rings of b r oken 
and rotted fragments ( Fig . 5). This type o f bre cc ia may occur a n ywh e re in 
the Carswell F ormati on , but appea r s to be gene r a ll y related to fold d efo r m ­
ation and follows syncl ina l axes . T h e ring syncl ine west of Ca r swell L ake is 
a particularly good example . B r eccias of th is k in d can be distinguished from 
the y ounger Cluff breccias by the following cr iteria : (a ) the amount of matr ix 
i s small, and of the same col our and compos iti on as the fragments; (b) the 
fragments are extremel y angular and of simila r size; (c ) th e brecciated a r eas 
a re not assoc iated w ith prominent linears. 

The upper member of th e Carswell Formation (Unit 5 ) outc r ops in 
rounded whal e backs, read ily distinguished at a distance from the jagged cliff­
forming outcrops of the lowe r member . The col ou r of the Carswell Formation 
gradually changes from pale g r ey a t the base of the l owe r member to brownish 
g re y in the stromatoliti c horizons, to buff or fawn shad es in the upper mem ­
ber . In the upper m ember, layers are 10 t o 12 inches (25 to 30 centime tr es ) 
thick and the r e is little or no par ting between them. Weathering on the bed­
ding planes g ives the rock a ribbed o r rop y appearance . On weath ere d sur ­
faces, ve r y fine, regular banding may appea r between bedd ing planes , but 
w hen the rock is broken this banding cannot be seen on a fresh surface, and 
specimens appea r rather massive . 
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F igure 5. Limestone breccia south of Eastrim Lake. Note roundness of 
fragments at point and handle of hammer. The fragment at the point 
is highly altered basement granite. (GSC 120158) 

F igu r e 6. Small fold in dolomit e on west shore of Carswell Lake. Note 
sharp decollement at the base of the fold, and the loss of bedding m 
the ce ntral core. (GSC 120150) 
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Intense brecciation of the type common in the lower member d oes 
not occur in the upper me1nber but virtually a ll outc r ops show compl ex small 
folding . The axial planes of the fol d s, where they can be dis cerned, str ike in 
very diverse directions . Intense folding generally has obliterated the be dding 
p l anes, and the rock appears massive ( Fig. 6) . 

Outcrops of dolom it ~ can generall y be placed in the upper or l owe r 
mernbe r by their col our . However, many outcrops are neither grey nor buff 
but var i ous shades of red o r pu r p l e . This colou r i s assoc iate d with coarse 
grain size, brecciation, and structural complexit y . In man y cases the red 
colou r is patchy and irregular. In some exposu re s it originates a t the e d ge 
of joint blocks and penetrates only par tl y into the rock . Reddish outcrops a re 
almost invariably associate d with veinlets , seams and patches of red calcite 
crys ta l s which a r e accompan ie d by haloes of red di scolo r ation . The red 
colour is not pr imary, bu t accompan ies deformation and rec r ys talli zation . 

Lithology and compos iti on Microscopically the Carswell d olom ite consis ts 
of uniform , finely crys talline to c r yptoc r ys t a lline ca rb onate cha rg e d w ith 
minute opaque flecks . Except for oolites and fragments, little or no s tru c ­
ture can be seen. The oolites are compose d of numerous concentr i c layers 
0 . 1 m illimetre o r less in thi ckness, usuall y around a minute rusty nucleus. 
Cracks radiating from the centre are common, bu t rarely re ach the s urface 
of the oolite. Most oolites are sph e rical, and d o not tou ch each other, bu t in 
some cases flattened sph eres result from mutua l contact . The coa rser 
grained mater ial resulting from recrystallizat i on is calc ite , which i s a ls o 
present in gash veins in many specimens. 

Chemical anal yses of thr ee spec imens of the Cars we ll Formation, 
covering the r ange of physical proper tie s observed, a re presente d in T abl e II. 
In terms of the s t o i chiome tri c fo r mulae for dol om ite and calcite , they all 
correspond to about 70 pe r cen t dolomite and 30 per cent calci t e . 

Di scussion and conclusions The relations of the Ca r swell F ormation t o the 
underlying Athabasca Formation are of c riti cal imp o rtance t o the understand­
ing of the Carswell ci r cular structure . Bl ake (1 956) believe d the Carswell 
Formation to underlie the A thabasca , on the g r ound s tha t the Carswell 
F orination was seve r ely deformed and the Ath abasca was not. T his hypothesis 
is refuted by discovery of the Ath abasca p r e - A thabasca contac t w ithin the 
structu r e , w h ich d emonstrate s that no formations lie between the A thabasca 
Formation and the basement complex . In the Dubawnt F o rmation , whic h is 
st r ikingl y s imilar t o th e Ath abasca in lith ol ogy and mod e o f occurrence , car ­
bonate rocks are found as a len s w ithin the elas ti c sedimentary rocks (J . A . 
Donaldson, personal communication}. This is a possibl e mod e of occurrence 
of th e Carswell Formation but none of the A thabasca Formation now exposed 
is like l y to be younger than th e Carswell Formati on . Othe r wise a ca r bonate 
fo r mati on more than 500 fee t ( 150 metres ) thick, form ing erosionally re s ist­
ant scarp s s h ould sure l y have been d iscovered, on surface o r in drill holes, 
e ls ewhere in the a r ea cove r e d by the A thabasca F ormati on . 
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Tabl e II 

Chemical analyses of rocks from the Carswell Formation 

(Analyst: S . Courv ille, anal yses b y rapid method) 

Specimen Number 26 29 

Si02 1. 0 0 . 8 

Al2 o 3 1. 2 0 . 9 

F e 2 o 3 0 . 1 0 . 1 

F eO 0 .2 0 . 3 

MgO 16.2 16.6 

Cao 35 . 7 35 . 7 

Na2 o 0 . 1 0. 1 

K 2 0 0 . 20 0. 12 

Ti02 
0 . 02 0 . 02 

P205 0.01 0 . 01 

MnO 0.01 0 . 01 

C02 4 5.4 45 . 1 

H 2 o 0.5 0.4 

100 . 64 100. 16 

D esc ripti on of spei:::imens 

133 

1. 0 

0 . 6 

0 . 1 

0.2 

17.2 

35 . 1 

0. 1 

0 . 07 

0 . 02 

0.01 

0 . 01 

45 . 8 

0 . 2 

100.41 

26 Thinly bedde d pearl grey dol omite (lower Ca rswe ll membe r), from rim 
3 . 7 m iles ( 6 kilometres) wes t of Carswell Lake . 

27 Near mass i ve, thi ck be dde d, buff dolomite (upper Carswell member ) , 
from rim 5 miles (8 kilome tr es ) wes t of Ca r swell Lake. 

133 Aphanitic red dol omite w ith fine calc ite gash ve ins, 1 . 9 m iles ( 3 k il o ­
metres) nor theast of Poin t s L ake . 



- 16 -

It is t h erefore conclud e d th at the Ca rs well F ormati on is younge r 
than any par t of the Athabasca Formation now expose d. The confo r mabl e 
na tur e of th e single con tact exposed between the two formations, and the 
presence of s h ale between them a t several places suggests that d epos iti on 
may have been continuous , wi th the envir onment gradually changing fr om con­
tinental to marine . This conclu sion i s in acco rd w ith Fahrig ' s ( 1961) result s 
from hi s s tud y of the se dimenta tion of the A thabasca F orma ti on. 

Fahrig ( 196 1 , p . 39 ) concludes that the A thabasca " .. . sand s 
were dep osi t e d in a coastal p l ain envi r onment by fluctuating st r eams .. . " . 
The relief on such a coastal p l ain mus t h ave been l ow , probably not exceedin g 
a few me tr es . This conc lusion is suppo rt e d by the g r eat a r eaoftheAtha basca 
F o r mati on, and th e regularit y of it s mar g ins. If there had been any g r ea t 
relief on the paleosurface the p r esen t ou t c rop pattern of th e form ation would 
be much more irregular. If d eposition was continu ous between th e Ath abasca 
and Carswell Formations a near maximum thi ckn ess of A thabasca F orma ti on 
must be preserved beneath the Ca r swell Formation . In contr ast to the r es t 
of the Ath abasca F o r mati on , the t op is not e r ode d in this area , and the thick­
ness occurring is l ess than the maximum by onl y the amoun t of the r elief on 
th e surface of the basement compl ex when the A thabasca F o r mati on was laid 
d own . As we have seen this relief was small, probably l ess than 30 0 feet 
( 100 metres ). 

Cluff B re ccias 

Distribution The Cluff breccias form series of d ykes and ve in l ets cutting 
all othe r format i ons at six l ocalit ies in this a r ea . They a re expose d on low 
scarps or grea t cliffs. One mi l e eas t of Cluff L ake, brecc ias a r e expose d in 

a series of l ow , east - trending linear bluffs that can be traced for about a 
k ilomet r e . These bluff s ma r k a fault juxtaposing the basement and the uppe r 
part of the A thabasca F o r mation . Two ki l ome tres sou th of P o int s L ake, 
brecc ia is expose d on t wo low sca rp s about a kilometre apar t. A t one local­
ity the scarp marks a fau lt b ringing the upper and lower members of the 
Ath abasca F ormation into contact . At th r ee localities, abou t 9.5 m iles ( 15 
kilome tr es ) west of Carswell Lake, linea r swamps cu t oblique l y across the 
210 foot (65 metre) relief in thi s area . T he swamps a r e bounde d by cliffs 
faced w ith b r ecc ia, most of the b re ccia bein g on the north s ide o f the swamp. 
A few hundred me tr es east of mos t eas terl y of these loca lities ve inle ts of 
ultramylonite ( ?) cut appa r entl y undi sturb e d strata of th e uppe r member o f the 
Ca r swe ll Formation. On D ougl ass River, in the extreme southeas t co rne r of 
the a re a b re ccia is found on a l a r ge cliff in the Carswell Forma ti on . Fina ll y 
many fragments of b re cc ia have been f ound in the flo a t sou th of Tuma L ake , 
northeast of the stru c tur e .· This concentr a ti on of fr agments coin cides w ith a 
pronoun ced magnetic anomal y, a nd may mark the si t e o f a pipe of b re cc ia . 

Macroscopic c h a r ac t e r The c h a r ac ter of the brecc ias vari es con s iderably , 
d epending on th e character of the rocks they cut. H oweve r, the y are dis­
tinguished generall y by (a } r e l a tive l y l a rg e amount of matrix, (b } br illian t 
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col ou r, r anging from r e d through ye ll ow and yellow-br own to green , ( c ) vari ­
e t y of shape and composit i on of fragments, (d) strong deformation of frag­
ments, and (e ) close association wi th linear zones . 

Spec t acul ar exposu r es of brecciati on of the basement can be seen 
0 . 6 m ile ( 1 kilome tr e ) east of Cluff Lake . The breccias may be subdivided 
into: (a ) intensely a lte r ed and distorted, bu t coherent , basement rocks, (b ) 
fr agmental breccias wi th particulate matrices , and (c ) breccias wi th aphanitic 
o r vit ri c matrices . 

The altered basement rocks appear earthy red in hand specimen . 
Recognizable m ine ral g r ains show remarkable plast i c di stortion . L ocall y the 
rock is di sagg r ega ted and somewhat 'jumbl e d' . This type of ma t er ial grad es 
rather rapidly into the usual red s taine d, rubbly basement rocks . The frag­
mental b r eccias consist of fragments, rarely more than a centimet r e in dia ­
meter, embedded in a fine paste of c r us h e d fragments, or v itri c mater ia l. 
The fragments a r e of intensely d is t orte d basement rocks, together wi th 
apparently unaffecte d g r ains and fragments of the Athabasca Formation. The 
col our varies from reddish - brown t o green . Thi s material forms a zone, 
pa r a llel to the tr end of the outc r op s, wh i c h locall y g r a d es into di saggregated 
basement, but more commonly displays an intricate intrusive, c r osscutting 
contact with some well - defined dykes up to a metre ac r oss. In the contact 
zones a r e l ocal lenticular masses of st r ong l y col our - banded rocks wi th an 
a phanitic matrix and cha r ac t eris ti c conchoida l fracture, and ra r e , minute, 
r ounded inclusions . Band s of fragmental rocks up to a centimetre in width 
are commonly intercalated. Flow texture is usually prominent, contorting 

the banding. 

B r eccias possibly referable to the Cluff brecc i a occur in the 
A thabasca Formation 1 . 2 miles (2 k il ometres ) sou th of Points L ake . The 
rock invol ved i s an ivory homogeneous sand s tone of the uppe r member of the 
Athabasca F ormation. Rounde d sand s t one fragments o f diverse s i zes fl oat 
in a matrix of crushed whi t e quartz . The fragments are notabl y diffuse at the 
e d ges , as though dissolving into the mat rix . Vague r e d to purplish color ­
a ti on of th e mat rix i s c h aracterist i c, as i s a cu ri ous opaque quality reminis­
cent of a r gillaceous altera t ion . Par t s o f the matr ix a r e extremely fine 
g r a ine d and after manual disaggregation pass through a 320 mesh sieve. The 
matrix is cut by anastamosing ve in l ets of porcelain-like qua rt z . 

The A thabasca Formation is a ls o invol ve d in the breccia occu r­
rence eas t of Cluff L ake, and appea r s in the float from the Tuma L ake a r ea . 
In both cases, however , the matrix is not composed of sand s ton e . The Tuma 
Lake spec imens contain small inclusions of Athabasca F o r mati on in a b r own ­
ish aphanitic matrix , similar to the aphanit i c breccias from the Cluff Lake 
occurrence . 

The C luff breccias cu tting the Ca r swe ll F ormation comprise angu ­
l a r to d is tinc tl y round e d fragments r a n ging fr om m i croscopic to a few 
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cent imetres in diameter (Fi g . 5) . Near the grad a tiona l contac t of the brecc ia 
l ens w ith the undi sturbe d r ocks th e r e a r e l arger blocks tha t r ange up to sev ­
e r a l me tr es in length . The mat rix i s intense l y red o r rar e l y r e d di sh- purple . 
Typ i cally fragmen t s of bo th the lower a nd uppe r membe r s of the Carswell 
Forma tion are found in the b re cc ias . In seve r a l ou t c r ops there a r e frag ­
ment s up t o 1 f oot ( 30 centimetres ) ac r oss of a n older b r owni s h b r eccia . 
This b re cc ia has not be en f ound in s itu. A t two of the b r eccia occur ren ces 
west of Carswell L ake , fragmen t s of seve rel y argilli ze d g r anito id rocks we r e 
found, p r esumabl y brought up from the basement. The l a r ges t g r ani t o id 
fragmen t was abou t 10 centimetres across . 

East of these occur r ences ve inlets of po r ce l ain - like materi a l up 
t o 5 cent imetres across were observe d paralle l t o the l a r ger b r ecc ia occur ­
r ences . Fragments of w hite aph ani ti c mat e r ial up to a centimetr e ac ross 
occur in a n aphan iti c fl ow band e d matrix. The ve inlets have a we ll defined 
tr end, al though the y are slightl y s inu ous in d e tail. These ve in s were onl y 
seen in the upper member of the Carswell F o r mati on, w hi ch they cut a t 
a l most right ang l es to the bedd ing . 

Petrograph y and compos iti on T h e pe tr ograph y of the brecc ia w ill be di s -
cussed in the following o rde r: ( 1) di s turbed basement rocks, (2) fragmental 
breccias w ith pa rti c u l ate m a trices, ( 3 ) fragmen tal b r ecc ias w ith aphani ti c o r 
v itric matrices, (4) b r eccias of the A thabasca F ormati on , and (5) breccias of 
the Car swe ll F ormation. 

The s tr ong deformation of the basement rocks is evid en t from a 
microscopic examinati on . A lmost all quartz a nd fe ldspar gra ins are cracke d 
and p ar ti a ll y granul a ted a t the e d g es. In many cases they s how protuberances 
suggest ing partial intrusion into minute c r acks . S inu ous forms a r e common . 
Quar t z gra ins may s how d e formati on l ame llae ( see sec tion on S truc tu r a l 
Synthesis). Feldspars a re ba r ely r ecognizable u nder a cloud of a r g illaceous 
a lter a tion. Both fe ldspars and qua rt z are marke dl y cloud y and staine d by 
hematite. Mafic mine r a l s a re generall y conve rted t o chl ori te and s ieve d by 
magneti te. Chl ori t e shred s, pseud omorph ous a ft e r bio tite, s h ow intri cat e 
d efo r mati on . Small amounts of honey ye llow isotropic o r c r yptoc r ystalline 
m a t e rial w hi ch passes g r a d a ti on a ll y into s urround ing g r a ins occur in cracks 
a nd interstices. This mat er ial is cha r ge d with m inute fragments t o such an 
extent that a reliable r efractive index cannot be obta ine d, a lthough the index 
is certa inly much le ss than that of quartz . 

T h e fragment a l breccias a r e essenti a ll y iden ti cal to th e above 
material, bu t w ith a much l a r ger proportion of fi nel y granul ate d matri x mat ­
erial. Figu r e 7 shows that even minute fra gment s we r e further broken d own 
during forma ti on of the rock . The hone y ye llow, g l assy( ? ) mate r ial note d 
above is p r esent in much g r ea t er amount s in some specimens and forms a 
matrix . Wher e p r esen t in substanti a l amount s it is ve r y finely c r ystalline, 
and takes on a pal e g r een hue, probably due to d evelopment of c hlorite . A 
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Figure 7 . Photomicrograph of Cluff brec cia, east of Cluff Lake (x480, 

crossed nicols). The fragment of quartz appears to be in the 
process of absorption by the matrix. The laths in upper part are 

probably potash feldspar. (GSC 113385-C) 

specimen of this material yie lded a ve r y weak X -ray powder pattern of chlor­

ite, suggesting that the original substance was g lass, now we akl y chlorit i ze d. 

The aphanitic or v itric rocks contain even larger amounts of this 

material charged with a myriad of minute angular quartz inclusions . Con­

torted flow s tructure is v ery evident. In both the vit ri c and pa rti culate 

breccias the difference in de gree of alteration between the basement frag­

ments and those of the A thabasca Formation is remarkable. Th e basement 

fragments displa y ve r y strong, unusual deformation. The Athabasca frag ­

ments appear qu it e unaltered. Even internal cracking of quartz g rains is 

uncommon. 

The presence of quartz fragments in g lass- bea ring b re ccias w ith 

lamellar deformed quartz suggested that coes ite or stishovite might be pres ­

ent. Forty grams of g lass y material rich in quartz inclusions was sub­

mitte d to J. A . Maxwell of the Ana l yt ical Chemistry Section of th e Geological 

Survey . A fter reduction of the sample by the method of Fahey ( 1964) no 
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coesite or stishovite was found by X-ray examinat i on, even after reduction 
of the sample to 25 milligrams . 

Breccias of the Athabasca Formation south of Points L ake are not 
impre ssive under the microscope. They consist of unaltered fragments of 
quartz sandstone set in a matrix of angular fragments of the same material. 
A few veinlets of extremely fine grained or cryptocrystalline quartz(?) cross 
the matrix. The material from Tuma Lake is compose d of single grains of 
the Athabasca sandstone, variously fractured and em bayed , in a matrix of 
devitrified material. In some places small fragments of sands tone have been 
impregnated with this material. A later generat ion of similar devitrified 
material forms ve inlets cutt ing the spec imen (Fig. 8). 

Microscopic examination of the breccias in the d olomite yields 
little a dditi onal information . The fragments are v irtua lly unaltered, except 
for the rare granitoid fragments which are compose d of quartz, a little 
recognizable microcline, sericite, arg illaceous material and trace ep idote . 
The matrix is cha r ged with m inute particles of carbonates, but the matrix 
itself is a reddish, cryptic mass. 

Figure 8. Veinlet of aphanitic material crossing sandstone impregnated with earlie r glassy or aphanitic material (x 65 crossed nicols). Note 
alignment of microlites in the veins. (GSC 11 3384-F ) 
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Tab l e III 

Chemical analyses of rocks from the Cluff breccias 

(Anal yst: S. Courvill e , anal yses by rapid method} 

Specimen Number 

Si02 

FeO 

MgO 

Cao 

Ti02 

MnO 

co 2 

80a 

79 . 2 

12.0 

0. 7 

0.2 

0 . 5 

0.2 

o. 7 

5. 79 

0.26 

0 . 05 

0 . 01 

0. 1 

1. 0 

80c 80g 

70 . 7 68. 0 

15 . 1 16.0 

1.7 2.2 

0.3 1.3 

0. 5 o. 5 

0. 1 0. 2 

0. 2 0. 2 

10.10 7.66 

0 . 02 0.2 1 

0.05 0 .11 

0. 0 1 0 . 04 

0. 3 0. 1 

1.3 3.3 

124 

94 . 2 

4.2 

1. 3 

0. 1 

0.5 

0. 1 

0 . 1 

0.01 

0 . 02 

0.01 

0.01 

0. 1 

0. 1 

13 6 

92. 2 

4. 7 

0.5 

0.2 

0.5 

1. 0 

0. 1 

0 . 05 

0.02 

0.01 

0.01 

1. 0 

0. 7 

100 . 71 100.38 99 . 82 100 .74 100.99 

Description of specimens 

160 206 

1. 0 84. 1 

1.7 9.0 

0.4 1.3 

0.3 0.2 

17.4 1.6 

34 . 9 0. 1 

0 . 1 0 . 1 

0.34 0.8 1 

0.02 0.13 

0.01 0.03 

0.01 0.01 

44. 1 0 . 1 

0.3 2.6 

100.48 100.08 

80a Aphani ti c flow banded buff matrix with rare fragments of sandstone and 
granitic rocks, 0. 62 mile ( 1 k ilometre} east of C luff Lake. 

80c Earthy red to buff , coarse-grained granitoid rock with distorted grains, 
0 . 62 mil e ( 1 ki l ometre} east of C luff Lake. 

80g Pol ym i ct breccia w ith subrounded distorted fragments in greenish s ilt y 
matrix, 0 . 6 2 m ile ( 1 ki l ometre} east of Cluff Lake. 

124 Sand s t one b re cc ia, Points Lake area . 
136 Flow band e d , siliceous porcelain ve in l et cutting Carswell Formation, 

3 . 7 miles (6 k ilometres ) northeast of Points Lake . 
160 Coarse b reccia of dolomite in crypt i c r e d matrix , Points Lake area. 
206 Buff brecc ia of sandstone in aphanitic matr i x . Boulder from Tuma 

Lake occurrence . 
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Figure 9. Photomicrograph oi siliceous ve in cu tting dolomite in the Poi nts 
Lake a r ea (x 150). Note the c urv ing fr actur e patte rn on the quartz 
grain at left, and the g r adual increase in matrix grain size away 
from the g r ain. (GSC 11 3385 -H) . 

The small ve inlets cutt ing the upper membe r of the Carswell 
Forma tion a r e composed of rounded, curiou s l y frac tured fragment s of quart z 
in a fine-grained to a phanitic, non -elastic mat rix of quartz (Fig . 9 ). 

Chemical a n a l yses of th e Cluff breccias mad e by S. Courv ille, are 
displa ye d in T abl e III . These anal yses were selecte d to show the compos i ­
ti onal va riation displaye d by the b r eccias . 

A spec imen from the Cluff L ake l ocalit y composed o f glass plus 
quartz fr agments was submitte d for age determ ination by the whol e rock pot­
as sium/ argon meth od . Because the spec imen was obviousl y inhomogene ous 
it was div ide d into two parts r epresent ing different colou r s . One portion 
anal yzing 2.15% K yielded an age of 486 ± 55 m illi on yea r s, while the othe r 
part, anal yz ing 4 . 89% K yielde d an age of 469 ± 28 milli on years . 
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Discussion and conclus i ons The occurrence of C l uff b rec c ia s within the 
st r ucture i s clearl y controlle d by faulting, or at leas t fractu ring . The char ­
acter of d efo r mation of the fragments , howe v er, i s not that normally assoc ­
iated w i th tectonic d efo r mation. Heterogeneous glass, l amellar d e form a tion 
of quartz, and multi c r ys talline quar t z are fea tures usually quote d as defini ­
t ive of shock metamorphism (Short, 1966b). In the case of the Cluff brec ­
cias, these fea tu res appear only in the basement complex. The y do not 
appear in the Athabasca Formation, e ither in s itu, or in fra gments includ ed 
in the brecc ias . A possib le excepti on to this rule is the ve inlets in the 
Ca r swell Formati on . Compar i son of the anal yses shows that this material i s 
d er i ve d from the Athabasca Formati on . Peculia rl y fractu red and recrystal­
lized quartz d oes occu r in these veins . 

A lthough the breccias a r e cha ra c t eristicall y polymic t, the dir ec ­
tion of transpor t of fragments seems t o have been a lways upwar d. Fragments 
of both th e basement and the A thabasca F orma ti on can be foun d in material 
cutt ing the Ca r swell Formation, bu t fragments o f the Carswell Formation are 
neve r found in b r ecc ia s cutting l ower units, and Athabasca fragmen t s are 
found in conjunction with the basement only w h ere the two units have been 
t ectonically juxtaposed. 

Whatever the mod e of d eformation of the breccias, their empl ace ­
ment was a ve r y late e·vent in the d evelopment of the s tru c ture . Although they 
occupy fault zones, the breccia matrix is never found sheared. Evid entl y the 
emplacement of t he breccia matrix was the l ast ac tivity a l ong the zone . 

An exam ina ti on of the anal ys es in Table III shows tha t w ith r ather 
s light d ev iat i ons , breccias in the Ca r swell and A thabasca Formati ons have 
the compos it ion of th e host rock . A n excep ti on to this rule i s the ve inl et in 
the upper Carswell Formati on . Thi s ve in l et is c l ea rl y a mob ili ze d portion of 
the upper A thabasca sand s tone injected and re crystalli zed. It is ve r y diffi­
cult to conceive how this mate rial could have been shot upward throug h the 
2 95 feet ( 90 metre s ) of the lower Carswell Formation a nd emplaced in fine 
ve inlets . H oweve r, the anal ys i s does not sug ge st any material was a dded to 
the sand stone during the passage . 

The concept of comminution and mixin g is inadequate to expl a in 
the b rec c ia occurrences at Cluff and Tuma L akes . T h e pre - existing mater ­
ial s the r e a r e the A thabasca F o rma ti on and the basement compl ex . In T abl e 
IV are li s t e d the anal yses of b r ecc ia, the ave r age anal ys i s of the basement 
from Table I, and ari ave r age a n a l y sis of the Athabasca F o r mati on ob t a ine d by 
analyzing a bu lk sampl e taken from the large outcrop facing the b r ecc ia 
occurrence east o f Cluff L ake. In Figur e 10 the results o f mixing the base ­
ment and the Athabasca F ormati on are displaye d graph i call y . The content of 
silica, a lumina and titani a in the brecc ias can be con ven ientl y expl ained by 
mixing , a nd the amounts of sand stone require d are cons i stent w ith modal 
anal yses , but the content of the other maj or oxides cannot be exp l aine d by 
mixing. In v iew of the extreme heterogenei t y of the brecc i a , and the lim ite d 
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Tabl e I V 

Chem ical compos i t i on of r ocks in t h e b rec c ia 
occurrence east of Cluff Lake 

Specimen Num be r II 

Si02 66 . 7 

A l 2 o 3 17 . 0 

Fe 2 o 3 
2.2 

FeO 3.2 

Cao 1. 2 

MgO 1. 1 

Na2 o 2.2 

K 2 0 5. l 7 

Ti02 0.32 

Des cr iption of spec imens 

Ave rage basement (from T abl e I). 

72. 6 

14. 3 

1. 5 

0 . 6 

0 . 2 

0.5 

0.4 

7 . 85 

0. 16 

III 

94.2 

4 . 1 

0.9 

0. 1 

0.4 

0 . 5 

0 . 1 

0.0 1 

0.02 

II Average C luff b re cc ia (ave r ag e of a nal yses 80a, 80c, 80g, Tabl e III). 
III Ave r age Athabasca Formati on (anal ys i s of bulk sampl e from ou t c r op 

a d jacent to b r ecc ia occu rr e n ce ) , anal y st S . C ourv ille . 
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sampling, it is doub tful if the figures for sod a , magnesia and lime can be 
given g reat we ight. H owever , it is clea r that the brecc ias are greatly 
imp ove r ished in ir on, a nd in two cases g r eatl y enri che d in potash. It is pos­
s i b l e tha t th e Tuma L ake spec imen s rep r esent a potas h poo r phase of a rock 
w ith a gen erall y hi gh e r p ota sh con ten t, such as was obse r ved in th e speci ­
men subm itted for absolute age d ete rmina tion. 

Fi gure 10 sugges t s that the d eg r ee of enrichment in potash and 
imp ove ri s h ment in iron is related t o the amount of the basement component 
in th e b r eccia . If thi s i s cor r ec t, i t p r esu mabl y r esults from alterati on of 
th e r ocks sur r ounding the b r eccia zone, a nd th e ir subsequen t incorpora ti on 
in th e b r ecc ia . The sequence of event s in this case would be the develop ­
ment of th e fau lt ( o r a t l eas t some feature to localize th e l ater metasoma­
t isrn), metasornatic alteration of th e wall rocks , a nd l as tl y, brecciat i on. 

The occu rrence at Tuma L ake i s of p a rti cul a r interest. The 
glassy mater ia l compris ing appr ox i1nat e l y one -thi rd of th e rock seems t o be 
d e rived by me lting of the basement. With the excep t ion of the c omparativ el y 
l ow potas h con tent, it i s compa r abl e t o the breccias a t Cluff L ake . T o pro­
duce and empla ce g l ass in these quantities must have r equ ir e d rather unusual 
conditi ons . 

The absolute age determined from the b r ecc ia seems reasonabl y 
d ependable . Although it i s a K/A wh ol e roc k age , d etermined fr om an 
a ltered, highly h e terogen eous r ock , the ages d e term ined from the most d if­
f e ring porti ons of the rock are con gruent, the mate ri a l used had been almos t 
comple tel y melted and r ecrystallized, a nd the potash content was in a range 
favou r abl e for the method . The ave r age age ob t a ined, 478 m illi on yea r s is 
app r oximately the s a me as th e most r e li abl e P b/U age of 432 m illi on yea r s 
ob ta ine d by F a hrig ( 19 6 1) from pi t c h b l end e ve in s cutting the Ath abasca 
F o rma ti on about 80 k il ome tr es nor th of Carswell Lake . Thi s age (M iddle 
Ord ov ician on the st r a ti graphic time scal e } refutes Gu ss ow ' s ( 19 59) sugges -
ti on that th e A thabasca F ormat i on i s D evonian in age . 

Unconsolidated Dep os it s 

Ove rl y ing a ll the o lde r rocks a re two di st inc t kind s of unconsoli­
d a t e d dep os it s . Ordinary glacial d epos its include till, drumlinoid ri d ges and 
eskers . In some places drift ridges sugges t a thi ckness of ove r 100 fee t ( 30 
metres ) for the t ill blanket . Southwes t of the c r ate r the superfi c ia l mate ri a l 
i s crudely s tr a tified fin e sand . T h is material appears t o l ap on t o the till 
b l anke t southwes t of Bad wa t e r L a k e, and is presumably younge r than the t ill. 
Both t ypes of loose material r ep r esent d ecomposed A thabasca F o r mat i on , and 
boulders of othe r li thol ogies a r e r are . Bould er accumul ations of dolomite o r 
pre - Athabasca rocks can be mappe d w ith some confid ence as representing 
nea r by bedrock . 
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Figur e 11. Linear sand 'dune' wes t of Carswell L ake . This str eak of sand 

can be followed more than 25 k ilometres. (GSC 120144) 

The most cu rious superficial fea tures of th i s a re a are st r eak-like 

dep os it s of white sand running in a south eas terly dir ection . The y are r eadily 

v isib l e on a i r photos, and follow remarkably s tr a ight courses for 12 m iles 

(20 k il ometr es ) or more . A few c ross the bounda r y of the structure, and all 

seem t o cross litholog ical boundaries without deflection. The deposits con ­

sist of sand ridges 6 . 5 to 20 fee t ( 2 to 6 metres) hig h and 50 to 2 10 feet ( 15 to 

65 metres ) w ide ( Fi g. 11). The dir ect i on of l atest glaciation is southwest in 

thi s region an d in any event the ridges a re too s t ra ight to be glac ial features . 

This consideration likew i se makes an aeolian o ri g in implausible . Gussow 

(1 959 ) supposes the m to result from d epos iti on in cracks on the continental 

g l ac ier . If they have a stru c tural cont r ol, both the control and me thod of 

form at i on are unknown . 
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RESUME AND INTERPRETATION OF G E OPHYSICA L DA T A 

Intr od u c tion 

In th e a b sence of abund a nt ou t crops, the fixing of th e bounda r y 
between the basement compl ex and the A thabasca F o r ma tion, and the dete r­
minat ion of the thi ckness of the Athaba sca F o r mati on a r e not possib l e by 
o rdinar y geolog ical mapp ing but both pr obl ems can be trea t e d by geop h ys ical 
method s. D a ta whi ch are avai l ab l e a r e re g iona l m agnetic a nd se i smic 
r efrac ti on su rve ys , and a g r av it y survey of the Carswe ll s tructu r e . 

M agneti c D a t a 

The Carswell L ake a re a and su rrounding r eg i ons are covered by 
magnet i c maps at 1 m ile to 1 in c h (Ge o l ogical Su r vey of C a nad a , M aps 2684G, 
2685G, 2700G and 2701G) and by a 4 m ile t o 1 inch compil a ti on (M ap 701 9G). 
A po r tion of th i s latte r map i s r ep rodu ce d as Fi gu r e 12. In the region of 
Carswell L ake magne ti c contou r s ove r th e Athabasca F o rma tion a r e smooth 
and relatively pa r allel , w ith g r a dien t s rare l y exceeding 40 gammas per m ile. 
Local sou theast - trending anomalies a re a ttributed to di abase d yke s . The cen­
tr a l co r e of the Cars well s tru c tu re exhibit s a n a r ea of small , d isor gan i zed 
hi g h s and l ows re aching 220 gammas . There i s a · l a r ge a n omal y jus t n or th ­
east of the C a r swell st ruc ture o f a lm os t 600 gammas . 

The a rea of hummocky anomalies i s interpre t ed as be ing und erla in 
by basement compl ex rocks . Innes ( 1964) sugges ts that th e magnetic pa ttern 
on the basement complex i s abn o r mal a n d indi ca tes b r ecc iati on . H owever , 
comparison w ith the a r ea just west of L obs ti ck Isla nd, Lake A thabasca (Tazin 
L ake , Map 7020G) s hows a v irtua ll y identi cal pa tte r n of low a n omalies on 
u n a lte r e d pre - A thabasca rocks . 

In th e au th o r ' s op inion the pa tt e r n s impl y indica t es basement com ­
"? l ex , and n o conclus i on can be dr awn as to its physical prop e rties . 

In the magneticall y ' smooth ' re g i on out s ide the co re there i s a 
s light but n o ti ce ab le tendency for the magne tic line s t o p a r a llel the e d ges of 
the st r uc tur e . The l a r ge anomal y sou th of Tuma L ake cannot be identified 
w ith a known geol og i c fea tur e . H oweve r, float of C luff b re cc ia is foun d the r e 
and is the only known occu rr ence o f such boulde r s . It i s tempting to suppos e 
:h a t the anomal y re sult s from a b r ecc i a pipe penetra ting the A thabasca 
F o r mati on . Weigh ing against this inte rpr e t a ti on is the l ack of anoma l y 
a ssocia t e d w ith the petrog r aphically s imila r b r ecc ias in the Cluff L ake a r ea . 

Seismi c D a ta 

Some unpubli s h e d d a t a of a regi on a l se i sm i c r e fr ac ti on surve y a r e 
3h own in Figur e 13 (after G.D. Hobs on). These d ata s how tha t the c ircula r 
3truc tur e lies on the axis of a n eas t - trend ing a r ch in the basement , a nd tha t 
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45' 109° 30' 15' 

58°30' 

45' 109° 301 15' GSC 

TI1e broken line marks the boundary of the pre-Athabasca basement, and the outer 
line shows the boundary of the Carswell circular structure, dotted where uncertain . 
Note the hummocky pattern of the basement anomalies , and the general concurrence 
of the ring boundary wi th the magne tic lines . 

Figure 12. Magnetic map of the Carswell circular struc tur e (part of Map 7019G, William River ). 
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the thickness of the Athabasca Formation on the crest of the arch is 100 feet 
( 30 metres) or less in the vicin it y of the c ircular structure. On the other 
hand thicknesses in excess of 1, 650 feet (500 metres ) a r e known about 55 
m iles (90 kilometres) south of Carswell Lake. On l y two s tations of the seis­
mic network were located inside the Carswell s truc tu r e . One of these s t a ­
tions was l ocated on the Precambrian basement, yet accor ding to the mode l 
used , yie ld ed a thickness of ove r 650 feet (2 00 metres ) of "Athabasca 
Formation". The other station did not gi v e usable re c ord s. In view of the 
known ina d equacy of seismic me th od s in exploring circul ar structures 
(Willmore, 1963), and the anomal ou s result obtained from the single station, 
se i smic d a t a are given no weight in d eterminin g the th ickness of the 
Athabasca Formation w ithin the structure. 

Gravity Data 

A g r avi t y surve y of the Carswell structure J;las been published by 
Innes ( 1964). The d a t a show a tor o idal negative Bouguer anomal y wi th a 
minimum of -11 mi lligals nea r th e inner d ol omite - sand stone contact . Only 
three geolog i cal formations are exposed in the area of the anomal y , the 
Carswell Formation, the Athabasca Formation and the basement complex. 
The Carswell Formation is the most dense ( specific gravity 2. 78) and no 
anomal y is observe d over the outcrops of basement complex . Thus the anom ­
a l y mus t be due ei the r to the configu r ation of the A thabasca Formation or to 
the presence of rock types not exposed at the surface. The attribution of the 
grav:it y anoma l y to the Athabasca Formation can be semiquantitatively ju s ti­
fied by computation , and these computations also show the implausibilit y of 
att ri buting it to unexposed mater ia l. 

Suppose the Bouguer anomaly to be represented 
anomaly 15 kilome tr e inner radius and 30 k il ometre outer 
bolic c r oss-section with minimum -11 mill igal s (Fi g. 14). 
mass may be calcul ated from the formul a 

dM m JI dgds 

by a toroidal 
radius, and p a r a ­
The anomalous 

( 1) 

(Hammer, 1945 ), where Y is the gravitation constant , dg the Bouguer anoma ly 
and ds th e area . Since the anomal y i s radially symmet rical, consider a strip 
1 centimetre wid e acrcss one side of the toro id. The mass anomaly in this 
sheet is 2,62 x 10 10 grams. Taking the basement d ensity t o be 2 , 70 gm/cm3 
and that of the Athabasca Formati on to be 2.49 gm / cm3 (Innes, 1964), this is 
equival ent to 1.25 x l0 11 cm 3 of sand stone. This material is assumed spread 
evenl y along the st rip considered, 15 ki l omet r es long by 1 centimetre wide, 
and i s thus equival ent to 830 me tr es of sand stone across the width of the 
anomaly. Thicknesses approa c hing 800 metres a re indicated elsewhere in the 
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Figure 14 . Bouguer gravity anomaly map of the Carswell Lake ar ea (after Innes 1964) 
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Athabasca F o r mati on by se i sm ic measurements (Hobson, p e r sonal commun i­
ca ti on), thus this value i s compatible both w ith th e maximum thi c kness of th e 
A thabasca F o rmation in this region, an d w ith the geological dedu c ti on th a t th e 
maximum thickness of th e Athabasca F o r mati on should be found beneath the 
Carswell F o r ma t i on . 

Outs ide the Ca r swell stru c tur e there is a vague tenden cy for the 
g r avit y contours to trend nor theast, parallel to the basement high sugges t ed 
by se i smic d a t a , and f or the negative B ouguer anomal ies to inc r ease away 
from the s tru c ture . This i s the p a ttern to be expecte d if the light Athabasca 
F o rma ti on g raduall y thi ckens awa y from the basement high crossing the 
C a rs w ell s tructu re. If the g ravit y a nomal y is due to r ocks not expose d a t the 
surface, for exampl e a l arge ring d yke, these rocks m u st have a r ather larg e 
volume an d low densit y , t ogethe r with magnetic proper ties identical t o tha t 
of the sand s tone. For example, a vertical d yke would h ave t o be more than 
0 . 6 mile ( 1 ki l ometre ) in width if it h a d th e (unusually low) den s i t y of the 
sandstone . Such a conc a t enat i on of c ir cums tances see1ns impl a usibl e . The 
cau se of th e g r av it y anomal y is therefore ass i gne d to an unusua l thickness 
of the Ath abas c a F o r mation beneath the C a rs well Form a ti on . 
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STRUCTURAL GEOLOGY 

Intr odu c ti on 

Study of the fabric of th e Carswe ll s tru cture is hampere d by l ack 
of outcrops . In pa rt this can be compen s ated for by ca reful s tu d y of the 
available outcrops, and use of geoph ysical data. H owever, the fab ri cs of the 
three maj o r units involved in the Car swell st r ucture are so dive r se that the 
extension of structural features from one to anoth e r is highly specul a tive . 
For this reason the s tructur a l e lements of each unit ;i.re considered separately . 

Basement Complex 

Foliation Foliation is well d eve l ope d in the basement complex, and on the 
scale of an outcrop is regular and even . The thir ty-on·e measurements a ll 
have az imuth s be tween 325 d eg r ees an d 45 d egrees . Dips a r e ver tical o r 
steeply east with a m in imum of 55 de grees. On the scal e of an ou t crop , a 
few distortions of be dding are present in the form of boudin s up to 3 . 2 feet 
( 1 metre) l ong and 8 inches (2 0 centime tr es ) w ide. F olding of the basement 
rocks was not observed, wi th the exception of rare isoclinal drag fold s a few 
centimetres in w idth . 

Lineation As a lr ead y not e d, the gneissic p ar t s of the basement compl ex 
are highly fissile , and ou t crops a r e compose d of a l arge number o f thin 
sheets, or l en ti cul a r fragments . A djacent sheets fit together, and there is 
no matr ix of c r ushed materi al, so the rock cann ot be calle d a breccia. Ea c h 
surface a l ong which the rock has split is lineate d by slickensid es, usually in 
soft, greenish d ecomp osed mafic ma terial. The s li ckens ides have dive rse 
plunges on successive pa rting p lanes and h e r e and the r e two or more sets a r e 
present. On the lenticular fragments, intersecting sets of s li ckensid es occu r 
a l ong th e edges . A few curve d surfaces wi th sets of intersecting slickensid es 
were observe d east of Cluff L ake . 

Fractures The basement compl ex is commonl y di s integra t e d into p l anar 
fragments by slickensided parting p l anes parall el to the gneissosit y. Despite 
this pervasive fracturing, no recognizable faults were found w i th in the base ­
ment complex, although several fau lt s eith er c r oss from the basement com ­
plex into th e surrounding un it s , or di vi d e th e basement from the surroundings . 

Some of the part ing planes may r epresent joints along wh i ch sl i ght 
movement has taken place. A few joints a t approxima t e l y r i ght ang l es t o the 

gneissosity were noticed. 

On some fracture su rfa ces the markings have a plumose c h arac ­
ter. Ra r e l y th e fracture su rface may be cu r ve d . A fragment of this kind 
has been ident ified as a shatte r cone (Inne s, 1964). The author examined the 
l ocalit y east of C luff L ake from wh i ch t h e ' shatt er con e ' was recovered a nd 
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foun d ·many similar surfaces . A few a ddi tional examples were seen on the 
outcrop southwest of Carswell L ake . In all cases the fragments are charac ­
terized by s ligh tly curved surfaces that rarely sub tend more than 20 d eg r ees 
of a rc; compl ex , poorly define d, striat i ons on the su rfa ce; and d etachment 
from the r ock. In no example were d e finit e l y radiat ing markings seen nor 
were any second a r y ma r k ings seen on the specimen. 

Microscopic features The most unusual features of the basement compl ex 
are seen under the microscope . These ma y be d iv ide d into: ( 1) micro ­
b r ecciation, (2) planar features and k ink band s, ( 3) i sotropic material. 

(1) Some basement spec imen s show a va ri e t y of m icrobrecciat i on akin 
t o mor t a r textu r e . In the hand specimen i t can some times be seen as a fine 
tr acery of white lines . In thin se c ti on these are compose d of zones of fine l y 
granula t e d ma t er ial amid oth e r wise u ndamage d gra ins . 

(2) P l ana r features an d kink b and s are errati call y di stribut e d in the 
r ocks of the basement complex at Carswell Lake . Planar features on quartz 
were found on 9 of 20 thin sections e x am ined, of wh i ch 7 came fr om w ithin 
200 metres of th e assumed location of the r ing fault bound ing the basement. 
Two di s tinct typ e s of p lanar features occur, namely d efo rmation lamellae 
and cleavage -like fractures . In each of the 9 sec tion s 50 quartz g rains were 
se l ected at rand om . Of these 45 0 g rains, 251 showed d efo rmati on l amellae, 
the number per sec tion r ang ing from 14 to 44, and 118 showe d cleava ge 
cracks . The lamellae show the following c h aracterist i c featu res: (a) the y 
are close l y spaced p l a nar features which do not transgress grain b ound aries, 
but sometimes terminate within gra in boundarie s, (b } they are v i sibl e in both 
p l ane pol a ri zed light and und er crossed n icols, ( c ) the y may con t a in minute 
cavitie s o r inclus ions, (d} they are asymmetric, be ing dar k on one s ide and 
bright on the other, the dark s ide having notic eably h i g h e r index and b ire­
fringence than the host . In some c as es the lamellae are kinked with in g rain s 
( F ig . 15) . 

On the universal s tage, th e ang le be tween the c -axi s of quartz and 
th e poles to deformat i on l amellae p l anes was measured for 178 g rains. Of 
th is numbe r, 41 g rains di sp l aye d one set of lamellae, 98 displa ye d two sets , 
an d 39 displa ye d thr ee set s , a total of 354 me a su r ement s . The results are 
plotted in Figure 16 , an d s how a strong maximum between 18 d eg r ees and 20 
d egrees. 

Deformation l amellae were seen on a few perthite a nd m i c rocline 
g rain s . The y tend t o be rather d iffuse , and heavil y d ecorated w i th inclusions 
a nd opaque dust. The 1 1 example s measured all fe ll w ithin 10 d egrees of the 
plane ( 100). 

Grain s that show we ll d eve l oped d e formation lamellae do not 
usually show cleavage cracks . H owever, othe r quartz g r ains often show 
close l y space d paralle l fractures whi ch appea r to fo llow crystallog raphi c 
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planes . Fracture parallel to the basal p l ane ( OOO 1) is most eas il y r ecognize d, 
but another fractu re inclined about 23 degrees to c, and possibly on ( 1013 ) 
(Short, 1966b; Ca rt e r, 1965) is a ls o common . 

Kink banding appea rs as bend s in close space d planar e l ements 
such as cl~avages o r fracture sets. The hinge lines of the bending define 
subparallel lenticular zones . In the basement complex k inking is seen in bio­
tite and here and the r e in plana r features in quartz . The orientation of the 
kink bands appeare d t o have no significant orientation in th e specimens exam ­
ine d . 

( 3) Small amounts of isotropic material are rarel y observed around 
quartz g r a ins and in perthites. In the qua rtz g r ains the isotropic material is 
wate r clear, has a lower index than quartz and occu r s in, or at the end s of 
cleavag e fra cture s . In pe rthi te the mater ial appears ve r y simil ar, but 
indi v idual lamellae of the ma terial a r e conver t e d to isotropis m , whe re as 
neighbouring l am ellae appear no r mal. Isotropic mate rial was seen in only 
three secti ons, a ll from the v i cin it y of the b rec c ia outc rops east of Cl uff 

Figur e 15. Strongly deve lope d multiple sets of d eformation l a m e llae on 
quartz - gar net rock northeast of C luff L ake (x 100). Note k ink ing of 
lamellae at uppe r r ight . (GSC 11 3385 -A) 
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Lake. An attempt to concentrate the isotropic material was not successful , 
and X-ray examination of quartz and perthite concentrates showed only these 
mineral s. It is tentatively concluded that the isotropic material is g las s . 

Discussion and conclusion Macroscopically the appearance of the basement 
complex is not str ik ing. The fissility and universal presence of disoriented 
slickensides show that small scal e penetrative movement ha s been pervas i ve . 
However, there is no evi d ence lhal this led to any strong relative displace ­
ment of various parts of the expose d basement complex, and the pattern of 
slickensides suggests a general jostling, rather than continue d shear. 

The alleged shatter cones d o not show the radiating striae , and in 
particular la ck the parasitic radiating str iae , sai d by Dietz ( 1959) to be 
essential to the identification of shatte r cones. The exampl es studi e d by the 
author do not show conical surfaces when broken across the c one axis, 
another d eparture from classical shatter cones. Although the objects from 
the Ca rswe ll structure ma y represent an unusual type of fracture, they are 
not, in the author ' s opinion, shat ter cones. 

Microscopicall y the rocks displa y a group of features colle cti ve l y 
term e d ' shock metamorphism ' (Short, 1966a, b). A vol uminous pol emic lit­
erature has accumula t ed on this subject in the past few years , particularly 
re ga rding defo rmat i on l amellae (Carter, 1965, and references therein). 
Unfortunately th e di fferences of opinion are such that it is diffi cult to use the 
d ata to establis h quantitati v e conditions of d eformati on . Deformation lam e l­
la e from tec t on icall y deformed rocks tend to show a maxima in the plot of c 
against pol es to lamellae in the range 10 d egrees to 20 d eg re es w ith the dis­
tribution falling off s lowl y w ith in creas ing angle (Short, 1966a , b) . Multip l e 
sets of lamellae on a single grain are rarely observed . Exper imentall y, 
Car t er et al. ( 1964) have produced d eformati ons in quartz v irtually identi cal 
to thoseatearswell Lake (including traces of glass in fractures ) utili zing 
quasi-static loading und er confin ing pressures u p to 30 ki lobars a t tempera ­
tures above 200 de grees centi g rade. Roughl y s imilar results have been 
obta ine d by Sh ort ( l 966a) b y implosiv el y loading quartz-bearing rocks. 
Ca rte r ( 1965) mentions that basal and inclined lamellae have been experi ­
mentall y produced un d er confin in g pressu re s as low as 8 kilobars at e l eva t e d 
temperatures, and c riti cal resolved shear stress differ ences as low as 16 
ki loba rs. 

Deformation lame llae on quartz are a well known phenomenon 
from te cton i call y d eforme d rocks (Carter et al. , 1964). The lam e llae con ­
sidered he re are unusual in tha t ( 1) they follow crystallographic planes and do 
not extend from one grain to another, (2) multip le sets of lam e llae are char ­
acteristically presen t on the same grain , ( 3) the maximum on the plot of 
poles to lamellae against the c-axis of quartz lies at a greater angl e than nor ­
mal in tectonites (Sho r t , 1966b). These criteria are alleged by Shor t (1966b ) 
to be diagnosti c of ' shock metamorphism 1 gene rall y ascribed to ext rate r re s­
tria! impact. Two variations of the impact hypothesis are possible for the 
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Carswell structure : (1) impact took place after deposition of the Carswell 
and Ath abasca strata , or (2 ) impact took place before the development of 
Carswell and Athabasca strata. The first hypothesis is refuted by the obser ­
vation that deformation lamellae are not found on t h e quartz of the Athabasca 
sandstone , even w her e such quartz demonstrab l y overlies l ame llarly 
deformed quartz of the basement complex , as at the l ocality east of Cluff 
Lake . 

This occurrence shows that peak pressures in the underlying 
basement must have been markedl y h igher than in the undeformed overlying 
Athaba sca Formation . This is on ly possib l e , assuming t h e s h ock propagated 
downward , if t h e s ho ck impedance of the basement is markedl y higher than 
t h at of t h e sandstone. The shock imp edance is l argely controlled by the den ­
sity which is virtually identical for the two rocks at this locality (2 . 51 for the 
sands tone , 2 . 53 to 2 . 55 for the basement) . In fact Lombard (1961 ) shows 

that the s h ock propagation characteristics of granite and poorly cemented 
sandstone are virt u a lly identical in t h e range be l ow 30 0 ki l obars where 
deformation l amellae are believed to form (Short, 1 966a) . The deformation 
lamellae did not form by propagation of a shock downward from the Athaba sca 
Formation into the basement. 

On t h e othe r hand if the deformation lame llae formed as a result 
of imp act prior to the deposition of t h e Athabasca a nd Car swell F ormations , 
we might expect t h em to be more or l ess homogeneously distributed over a 
region around the point of impact. They are not . Occurrences of l amellae 
are strongl y associated with the edge of the cent r a l core . In addition, an 
hypoth esis of pre - Athabasca impacts suffers from t h e l ack of expl anation of 
reactivation of the structure after the long time period required for depo ­
sition of t h e Athab asca and Carswe ll strata . We might expect moreover, 

that if the Athabasca in t h is region had formed over an old impact scar, 
some marked peculiarities in t h e sedimentat i on pattern should be observed. 

They are not. We may conclude that the presence of deformation lamellae 
on t h e basement rocks is not indicative of an impact orig in for this structure. 

Athabasca Formation 

The Ath abasca Formation is t h e onl y formation known to outc r op 
outside the Carswell structure for some tens of ki l omet r es. Fahrig (1 961 ) 
concluded that the At h abasca is essentially undeformed except for 11 

• • • gentle 
tilting toward the central parts .. . and lo cally steep er dips resul ting from 
faul t movements in the basement rocks ... 11

• The few outcrops of the 
Athabasca Formation observed by the author outside the Carswe ll ring struc ­
ture entire l y support these observations. A probable fau l t of regional 
importance passes through the l ength of Car swell Lake , t h ence southwe st 
a l ong a pr on ounced linear, and crosses t h e rim about 6 mil es (lOkilometres) 
west of Cluff Lake . The eastern part of the ring is offset radia lly outward 
about 1.0 mil e (1.6 ki l ometres) on this line. Blake (1 956) refers to faulting 
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of similar tr end cutting the Athabasca Formation in the Black Lake area. 
Stockwell ( 1965) shows several faults of similar trend in northern 
Saskatchewan. From the di splacement of Ca r swell Formation, the move ­
ment on the fault is thought to be east sid e down . 

Inside the r ing structur e the Ath abasca Formati on is well exposed 
south of Points L ake and in the area be twee n Cluff Lake and Beave r C r eek. 
Although dips a re steeper than th ose reported by Fahrig (1 961 ) outside the 
ring, they rarely exceed 30 degrees, and deformation by fold ing, of the t ype 

seen in the Carswe ll Formation, i s not present. Dips in the Athabasca 
Formation are mos t commonly toward the centre of the s tructure. South of 
Points Lake and west of Beave r Creek s li ckensided shea r zones are exposed 
showing latest movement in the sense cent r al part up . 

Deformation lamellae and cleavage cracks of the t ype seen in the 
basement are not seen on the quartz of the Ath abasca Formation . Micro­
brecc iation is confined to within 3 feet ( 1 met r e ) of shear zones . 

The bounda r y of the Athabasca F o rmat i on aga inst the basement 
complex is a fault east of Cluff L ake , where a zone of shear ing can be traced 
for 1. 2 miles ( 2 l!:i l ometres ) fille d with unsheare d Cluff breccia. A p r obabl e 
fau lt contact between the Ath abasca F ormation and the Carswell Formation i s 
exposed on Douglass River in the southeast corner of the structu r e. 

Discussion and conclusions The anomaly of the Athabasca Formation is the 
lack of anomalies t Lying between the intensely microscopically deformed 
basement, and the intensely mac r oscop i cally deformed dolomite, it shows 
pract i cally no d efo r mat i on of e ithe r kind. The appearance of s t ra ti g r aph i c ­
ally older beds towa rd s th e centre of the struc ture, comb ined with the gen ­
e ral inward dip of the Athabasca suggests that the formation is cut into a se r­
ies of concentric fault slices with a net ove rall movement of centre part up. 
This is confirmed by the slender observational ev idence of faulting of this 
kind a t three localities. The dip s of the A thabasca F o rmati on suggest that 
some s light tilting of the blocks towards the centre may h ave occurr e d. On 
th e other hand the gravity evidence strongly indicates that the part of the 
Athabasca F o rmation beneath the Carswell Formation is d ownfaulte d . 
Assuming the calcul ated thickness of 2, 700 feet (830 metres ) i s corr ect, this 
periph e r a l ring fault has a displacement of r oughly the difference be tween the 
th i ckness of t he A thabasca inside the st ru c ture and the thickness out sid e, or 
about 2, 600 feet (800 metres). The hypothesis of a fault at th e outer bound­
ary of the Carswell F ormation is supported by the obse r vati ons of breccia 
zones, and antipathe ti c dips a long D ouglass R iver. 

Carswell F o r mat i on 

The Carswell Formati on is bet ter expose d than an y other unit 
in volved in the Carswell structure . F o r this reason, more is known about 
the structure of the Cars well Formation than any of the othe r units. 
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F old ing Folding on several scal es is charac t e risti c of the Carswell 
F o r mat i on . Small scale folding w ith axial p l anes nearly pa r a lle l t o b edding 
planes is common, though no t abund ant in the l owe r, thin - be dd e d part of the 
formation. In the upper membe r the axial plan es have no d e finit e t r end, and 
the deformation appea r s t o be of flowage typ e . Gross dis cont inuit y in th e 
amount of folding between a d jacent bed s is common , and in the cores of small 
fold s the bedding may di sappear entir e l y ( Fig . 6). The fold s may pass into 
irr egul ar patches of au t ochthonous b r ecc i a which appea r an d di sappea r w ith­
ou t discernible r egular ity, a lth ough there is a s li ght tendency for brecc iated 
material to be concentrat e d near the axial p l anes o f fol d s . 

On a l a r ger scal e , s inuous trends of r idges o f th e Carswell 
Formation (Fig. 18) sugges t fold s w ith amplitu d es of a few hundr e d metres . 
The general annu l ar di spos iti on of the Carswell Formation r esult s from an 
overtu r ned ring syncline, with a xial plane dipping toward the centr e o f the 
structu r e (Fahrig , 1961 ). A good cross - sec ti on throu gh this fold is exposed 
in cliffs along the west shor e of Ca r swell Lake, wh ere the inner sca r p i s 
face d with slaty, overturned d olom ite, dipp ing inward a t angles of 5 0 d egrees 
to 70 degrees . The same s trata a re foun d a t the no rthe rnm os t expos ur es of 
the Athabasca F o r mati on , upright and dipp ing inward a t 20 d eg r ees to 26 
d egrees . The ax ial plane i s es timated t o dip towar d th e cen tr e of the struc ­
ture at about 35 d egrees in thi s r egion . 

Where the Ca r swell Formation is thin, as fo r exampl e n ea r 
Badwate r and C luff L akes , ove rturned s tr ata a r e rare , presumably because 
the higher , overtu rned parts of the fold h ave been lost by eros i on . 

In th e a r ea whe r e the d ol omi t e i s thickest, from Ca r swell L ake 
eastwa rd to the v icin it y of Beaver L ake , there is a tendency for the Carswell 
Formation t o outc r op in two concentri c rings . This sugges ts tha t the 
Carswell Formation or i g ina ll y formed two o r more ring synclines concentr i c 
about the cent r e of th e s t ructure. 

Geophysical ev idence suggests that the Carswell s truc tu re li es on 
th e c r est of an east - tren din g swell in the basement . This swe ll i s express e d 
in subdued form by the Ca rswell F ormati on . The gaps in the Carswell 
Formation trend r oughly southeast , the p l unges of the folds in the Carswell 
Formation are away from th i s axis, and there is a notable w iden ing of the 
area und erl a in by l ower A thabas ca F orma tion a l on g thi s axis . This evidence 
shows th at the swe ll was st ill ri s ing afte r formation of the Ca rswell struc­
ture. On th e o the r hand geophysical eviden ce suggests that the amplitude of 
the swell i s about 490 feet ( 150 metres) ac r oss the w idth of the Carswell 
structure . The up lift of the base of the Ca r swell Formation is about 300 feet 
( 100 metres ) from a proj ec ted e leva ti on of 845 feet (260 me tres) on Carswell 
L ake to a projec ted 1, 170 feet ( 360 me t res ) on Beave r Creek ( see F ig . 14). 
Consid e ring the uncertaint ies in the d ata, perhaps thi s is sa tis fac tor y ag r ee ­
ment, bu t it sugges t s a possib ili ty that the Carswell struc ture may have 
d evel oped after the beginn ing of the ri se of the basement swell. 
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Figure 18. Part of airphoto Al4434-109, showing faults crossing the rim, 
and minor folds in the rim, north of Points Lake. (GSC 113622-C) 

Three outliers of the Carswell Formation are known on the 

Athabasca Formation inside the structure. Their structure is like that of the 

Athabasca Formation, gentl y dipping and undeformed by folding. 

Faults The presence of a regional fault crossing the Carswell structure 

through Carswell Lake has alread y b een noted. The offset of the Carswell 

Formation on this feature is roughl y 0. 3 m ile ( 1/2 kilometre) in the sense 

east side radially outward. A ssuming that the dip of the axial plane of the 

ring syncline is 35 degrees as suggested above, this corresponds to a mo v e ­

ment of east side down about 975 feet (300 metres). 

Faults cutting obliquely across the rim can be identified on air ­

photos (Fig. 18) and their movement approximately measure d by displace­

ment of distinctive beds. The faults are marked by vertical cliffs, faced with 

Cluff brecc ia, cutting across the rim at angles of 40 degrees to 50 d egrees. 

Where lateral movement can b e identified, it is alwa y s in a right-hand sense, 

and is of the order of tens of metres. The probable existence of a ring fault 

bounding the Carswell Formation has already been noted. 

Discussion The main structural features of the Carswell Formation appear 

well established. They comprise one or more ring s ynclines concentric 



- 44 -

about the centre of the st r uc tu r e. The a x ial p l ane of the inne r .s yn cl ine dips 
·towa r d the cen t re and the inner limb i's overturned, around all , or most, of 
its circumference . Re l at ively mino r fau lt s cut the r im ob liquel y , an d the 
format i on as a whole i s down fau lt e d into i t s surroundings. The probl em i s 
how thi s defo r mat i on can be reconc il e d w i th the r ela ti ve l y und efo r me d un d er­
l ying Athabasca F ormation . D ecollements are common on a small scal e 
with in the Ca r swell Formati on (F ig. 6 ) , an d it seems probabl e that a major 
d ecollement must exist between the Athabasca an d the Carswell so that the 
two units were d eforme d essent i a ll y in d epend entl y . 
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Fig ur e 19 . Multip l e d e format i on lamellae from quart z fra gment in brecc ia 
east of C l u ff Lak e . No t e the lamellae a r e l ess d is tinct than 
Fig ur e 15, as t hou gh s li ghtl y anne aled . (GSC 11 3384-J) 
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Cluff Breccias 

The cluff breccias occupy curv ilinear zones identified by strati­
graphic anomalies as faults. The breccias, however, are not themselves 
shea red, a lthough some streaky flow-banding occurs in g l ass -rich mat e rial. 
A microscopic examination of fragments of the basement compl ex within the 
Cluff b r eccias discloses the presence of features identical to those of the 
basement complex in situ. Reconnaissance measurements of the lamellae by 
universal stage suggest that the maximum of poles to lamellae agains t the c­
axis of quartz is much the same as in the basement. In some instances the 
l amellae appear indistinct and discontinuous ( Fi g. 19 ), as t hough partiall y 
annealed. By contrast, fragments of th e A thabasca Formation in the Cluff 
breccias are unaltered, except for mechanical di sintegration. 
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STRUCTURAL SYNTHESIS 

Resume and Dis cuss ion of Data 

The structural elements have been di scussed above, and the gen ­
eral disposition of the geolog ical units is e v ident from the geological map 
(Tig. 1, in pocket) . A cross - section of the structure displa y ing known and 
inferred geolog i c data is g i ven in Figure 20 an d the i~ferred structural e l e ­
ments shown in F i gu re 21. 

The A thabasca Formation is deformed on l y by fault ing, an d lhe 
de fo rmation of the Carswell Fo r mati on is a superficial phenomenon. The key 
t o und erstanding the Carswell structure lies in the core of basement rocks 
and the C luff breccias; th e clues to un d erstanding the deform ation of the base­
ment complex are the multiple sets of d eformation l amellae, and the geo­
chemical an d petrographic peculiarit i es of the Cluff brecc ia s . 

The location of the lamellae suggests that the y originated as a 
result of tectonic stresses a l ong lhe fault zone bounding the central core of 
basement rocks . Experimental evidence on the or igin of multip l e sets of 
lamellae suggests that temperatures greater than 200 °C and confining pres ­
sures greater than 8 k il obars acte d along the fault zones. This pressure is 
equ i valent to that at about 15. 6 miles (2 5 k il ometres ) depth in the crust. The 
unaltere d character of the sedimentar y rocks shows the y were never trans­
por ted to such d ep th s an d hence, the pressures mus t have been prod uced by 
some other means . 

The cyl in dri cal core of basement has been faulted up into the over­

l y ing sedimentary rocks. At the time the upward movement began, the 
Carswell Lake area ma y h ave lain near the ax i s of a s yn cline ( Fahrig, 1961, 

p. 38). In such a case the comp r ess i ve stresses affecting the Athabasca 
Formation were not only du e to the weight of superincumbent rocks, but also 
invol ve d a component due to lateral compression . When the basement is 
initiall y moved upward , it w ill tend to carry with i t the base of the sediment­

ary sequence, disturbing the equilibrium of the sedimentar y rocks and a llow­
ing them to s lide in against the s ides of the rising diap i r. This w ill cause a 
momentary overpressure equa l to the component of the we i gh t of di sturbed 
rocks di recte d toward th e diapir, di vided by the area of the diapir intrusive 
into the se d imentary sequence . For exampl e if the dip toward the centre of 
the dis turbance is 5 degrees, and th e he ig ht of the diap ir is 1/10 the thickness 
of the se dimentary column, the overpressure is equivalent to a thi c kness of 
rock the same as the width of the disturbe d zone ( see F i g. 17 ). Assumin g a 
mean spec ifi c g ra v it y of 2. 70, if a torus of rocks 18. 7 m iles ( 30 k il ometres) 
wi d e began to slide towa rd the ri s ing diapir it would cause a momentar y 
ove rpressure of 8 k il oba r s . Cons id e ring the known or postulated scale of 
g liding phenomena ( c f. Engelen, 1964), these condi tions d o not seem unrea ­
sonabl e . Continued rise of the diapir would cause intense frictional heating 
along it s bounda r y . Thus conditions of high shearing stress an d e le vated 
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Synclinal axis; overturned, upright . ..... +-+ 
Ring fault; approximate , assumed 

(teeth on downthrowh block) ...... ... >- ......._ _,.,. 
Other faults .. .. ...... . ........... ___ _ 

0 
Miles 

4 8 

Figure 21. Structural elements of the Carswell circular s tructure. 
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temperature und er high confining pressure can be crea ted at mod erate depths 
by favourable geome tries. 

This model p r edicts that ( 1) the deformation lamellae w ill be 
found only in those par t s of the diapir penetrating the sedimentary column, 
and the refore should rapidly di sappear with depth and (2) the y will be best 
d eve l oped in the upper part of the diapir because lateral pressures are high­
est on first intrusion . Both of these predictions are ve rifiable b y core drill ­
ing of the structure. 

The C luff brecc ia zones in conta c t with the basement are di sting ­
uishe d by the presence of g lass, and by enrichment in potash accompanied by 
depletion in iron. Enrichment in potash and depleti on in iron can be c onfid entl y 
ascribe d to the action of fluid solution s at h i gh temperatures, whether the 
process par a lle ls the classical 'granit i zat i on ' (Reynolds , 1946), or i s a late 
stage igneous phenomenon (Comp ton, 1960; Tu.r ne r and Verhoogen, 1960, pp. 
241, 2 66 ) . The presence of glass and de vitrification produ cts d emonst rates 
temperatures h i gh enough to me lt pa rt of the rock , foll owe d by quenching to 
preserve the glass . T he presence of glass together with the limited extent of 
the metasomatism shows that the rol e of sol ut ion s was a transient one with 
an abrupt end. The intervention of solutions occurred a fter the d evelopment 
of the deformation lamellae, for lame llar l y deforme d quartz i s foun d as 
partially annealed fragments in the breccia, and the b reccia is not shea r e d . 
The formation of the breccia matr ix was th e la st act in histo r y of the fault 
zones . 

Development of the Carswell Structu r e 

A consid e r at i on of these data produces a consistent p ictu re of the 
de ve lopment of the Carswell struc ture. 

In the deepest part of th e basin of se dimentar y rocks, uplift of the 
basement se t in. Whe ther this upl ift was or i g inally diapir i c, and g raduall y 
spread to b road up lift a long the axis of the basin, or wheth er the broad uplift 
was first and locally intensified into diapi r i sm i s uncertain . In an y event, 
diapi rism soon d eveloped in the Carswell Lake area . As a result of the rise 
of the diapir of bas e ment rocks, an area of se dimentar y rocks became 
unstable and s l umpe d in on the r i sing diapir c reat ing transient high pressures 
(Fig. 22). As the diapir rose, it c arrie d up w ith it crescenti c s livers of the 
sedimentar y sequence along its flanks. In the initial stages the compe tent 
d ol om ite unit capping the sedimentar y sequence arched ove r the rising dome. 
Eventuall y , howeve r, the dolomite, probabl y b roken up to some extent by the 
stretching and di s tu r bance assoc iated w ith the intrusion of the basement core, 
began to s lide off the d ome, lubr i cat e d by a thin sheet of incompetent shal e. 
The first , open fold s had axial planes dipping pe r pendicul ar to the dome. As 
gliding con t inue d,the dip of the down-5 l ope limb steepened , and the dip of the 
axial p l ane flattened (Fig. 20). Eventuall y the dolomite pi l e d up at the base 
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3 

4 

Figure 22 . Schematic diagram of deve lopment of overturned, inward dipping 
folds by gliding off a dome 
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of the d ome in a se ries of folds concentric to the dome . The radial pressures 
associate d with this pil ing up locall y cause d shear fractu r es to propagate 
across the folds. 

By this time, the sedimentary cover had been reduced to frag ­
ments, and the rocks of the diapir h a d been seve r ely fracture d by the stresses 

of intrusion . Solu ti ons w hi ch had been trapped beneath the diap ir rose along 
its s ides, s l owly a t first, producing metasomatic alterat i on, a nd, combined 
with frictional heat, l ocall y me lting the rocks. When the fracture zones 
r eached the surface, d egas sing became cat as tr ophic, and the volatiles were 
vented with explos ive viol ence , causing brecc i ation along the vents and 
q uen ching the pockets of melt to glass . 

The exhaustion of vol a tiles caused the s tru c ture to beg in to col­
l apse. By this time the vents around the e d ge of the diapir we r e becoming 
plugged, possibly due to emplacement of melte d ma terial a t depth, and the 
volatiles began to utilize the ou ter subs idence fracture and the shear frac­
tures in th e dolomite which we r e cut by the ring fractu r e . A t th e last stages 
even these vents closed, and the vola tiles penetrated cracks in the A thabasca 
an d Car swell Formations , fluidizing part of the forme r an d emplac ing it in 
the latter. Poss ibly at this stage a ven t may have been drill e d near Tuma 
Lake em placing a brecc i a funne l. 

This synthesis accounts satisfactoril y for th e features of th e 
Carswell structure in terms of known structural process . A schematic di a ­
gram of the d evelopment i s s hown in Figure 23. The inward tipping of sliv ­
ers of the A thabasca Formation parallels the phenomena observe d in salt di a ­
pirs (R oll , 1949) . Combination of diapi ri c and gliding structures involving 
competent dol omite be d s is known in several localities (van der Fliet, 1953; 
Enge l en, 1964) . However, it does leave two problems. What ini ti a t e d the 
di api ri sm of the basement? Where did the assumed volume of vol at il e mat­
erials come from? 

The orthod ox solution to these problems is to assume magmat i c 
intrusion a t d epth, cau s ing uplift of the co r e, and hy dr othermal act ivi t y a t a 
l ate stage of c r ystalli zat i on . Some magmati c compl exes produce a geometry 
strik ingly similar to that of Ca rs well L ake (Doug h er t y, 1964) . Fahrig (19 61 , 
p. 20) a d opte d a theory of magma t ic intrusion to exp l ain the Carswell struc ­
ture. In thi s instance, however, the theory encoun t ers t wo grave di ff i culti es. 

First, there is no geophysical ev iden ce of intr us i on at d epth. That an intru ­
sion capabl e of producing a struc tur e 25 miles ( 39 k il omet r es ) in diameter 
can be emplaced without caus ing 1narked anomali es in e ither gravit y or mag­
netic fields seerns rath er implausible. Second , the intru s ion of a mass a t 

d ep th results in a ne t upli ft of the column above it. T h e Carswell st ru c tur e, 
h owever, i s a net subs idence. The amount of subsid ence depends on th e 
geometry c h osen for the Athabasca - basement contac t beneath the structure, 
but Figur e 20 shows that no reasonable geometry can negate the conclu s i on 
that subsid ence is cons iderable . 
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Figure 23. Block diagrams of the development of the Carswell circular structure 
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The concl us i on that the net r esult of the formation of the Carswell 
st ru c tur e was subsid ence makes it unlikely that the ca· is e of th e structure is 
o rdinary igneous in trusion. T h e fea tur es of the Carswell s tru c ture which a r e 
incompatible w ith igneous intrusion suggest the app li cabilit y of a theor y 
d evelope d by Cu rrie ( 1965 ) to exp l ain other Canadian c ir cular s tru c tures. 
This theory supposes th at d egass ing of the upper mantle is p r oceedin g continu ­
ously . In volcanicall y inactive zones beneath cont inent s , th e volati l e materi a l 
is unabl e to escape t o the atmosph e r e, and accumul a te s. Such accumul ations 
w ill mig r ate towar d l ow pressure a r eas cause d by upwarping of th e supe r­
incumbent c r aton . When suffi c ient vol a tiles have accumulated, they w ill 
beg in a di ap iri c rise du e t o the ir buoyanc y , ca rr ying upwa rd w ith them the 
supe rincumbent ma t er ia l. Und er app r op ri a te cond itions the y may caus e 
a natectic meltin g and volcanism dur ing their ascent. Eventually the s up e r­
incumbent r ocks a r e sufficiently fragmente d, o r the sur r oundin g fracture 
zones become suffi c ientl y enla r ged so that the gas c har g e is explos i ve l y 
vented t o the Su rface, and the 1b li s t e r I r ai sed b y th e buoyant vol a tiles Col ­
lapses, The p r ocess is compa r abl e t o the form a ti on of pingoes ( Fig. 24). 
The volume change assoc iated w ith such a process is small, an d oft en appears 
to have been nega tive because of the regional upl ift of materia l a r ound the col ­
l apsed zone . The collapse occu r s on a ring fault r oughl y con cen tri c w ith the 
di ap i ric co r e , but l a r ger in radius. The enla r gement in radius of the col­
l apse is ass igned t o th e contr as t between the rela ti v el y small central, act ively 
ri s ing area , an d a m u ch large r a r ea whi c h feeds vol a tiles t o it. The ca ta­
s tr ophic loss of v ol a tiles affects the w h ole feedin g a re a , an d ·thus a l ways h as 
a l a r ge r r a dius than th e central up lift. The same effec t i s observed in the 
collapse su rr oundin g a salt dome . 

T h e u ltimat e d riving for ce in the de ve l opment o f these s tructu r es 
is g r av it y . Brock ( 1950) has pointed out the key r ol e of g rav ita ti ona l instab il­
ity in localizing the Vredefort ring , which is st rikingl y s im ilar t o th e 
C a r swell s tructu re. Similar cons idera ti on s ver y p r obably appl y t o mos t 
other large ci r cul a r structures , wh e the r or not their o ri g in i s cons i s tent w ith 
the speculati ve the o r y here ou tlined. 

Carswell Structure comp a r ed t o othe r Cir cul a r St ruc tur es 

The Carswell struc tur e h as a number o f fe a tures w hi c h se t it apart 
from oth e r geol og ical s truc tures . These include : ( 1) presence of up lift and 
d owndr op in the same s tru c ture, p r odu c ing juxtap os iti on of inliers a nd out ­
li e r s, (2) p r esence of ' s h ock me t amorphism 1 , ( 3 ) geoch em i cal anomali e s, 
par ti cul a rl y enr ichment in potash, (4) presence of polymict b re cc ias w ith 
a ll och thonous matri ces . These c rite ri a a r e share d by a numbe r of s tructur es 
in Canad a , notabl y Clearwater Wes t ( Bos t ock , 1965), Clearwater East 
(Dence , 1965), M an ic ouagan (Currie, 196 5), a ll wi th diame ters g r ea t er than 
15 k ilome tres . Several smalle r s truc ture s including Nic h olson L ake , 
Northwest Terri t ories a nd Mistassin L ake , L ab r a d or may be o f this t ype . In 
the Unite d States a l a r ge numbe r of 1c r yp t oexp l os i on ' s truc tur es h ave the 
same cha r ac t eristics (Bucher , 1933 , 1963), a lthough geochemi cal wo r k on the 
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Figure 24. Mature pingo, Mackenzie River delta. The pingo is about 2, 900 
feet in diamete r and 130 feet high . Note tension cracks across the 
top. (GSC 11264 3 -F) 

bre.ccias has not been attempted to the author ' s knowledge. Structures of 
this type on other continents are notably few, possibly because of inadequate 
geologic knowledge. However, the classical example is the Vredefort ring of 
South Afr ica . Les Richats, Algeria (Monad, 1965), may be of the same type. 

The origin of a ll these structures is poorly understood. Meteorite 
impact has been proposed as a causative agent for all, mainly on the basis of 
their generally c ircular ou tline, the presence of la1nellar structures on 
quartz and sha tter cones (both of which are usually present), and the pres ­
ence of ' shock metamorphism ' as evidenced by the presence of several types 
of glass, vesicul ation and melting of basement rocks, pseudo-tachylite and 
other features (Short, 1966b) . Howe ver , the impact cratering theory 
(Shoemaker, 1961) does not offer a satisfactory explanation of the geometry 
of these structures, and it is gene rall y admitted by proponents of impac t 
that a radicall y different theor y of cratering is requi r e d (Dence, 1966). A 
detailed examination of the ' shock metamorphic 1 phenomena usually reveals 
further difficulties in theo rie s of impact origin. Thus shatter coning 
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occurrences may be incompatib l e w i th impa c t theories (Manton, 1965, pp . 
1044-1 045), d eformati on l amellae may be de v eloped in posi ti ons not compat­
ible w ith a shock o ri g in ( see above pp. 38, 39) , and the matr ices of the b r ec ­
c ias may be r a di call y diffe rent in c omposition from the wall-r ocks (Shafiqullah 
and Currie, in press) . Considering th ese di screpanc ie s , theor ies of impact 
o ri g in for these s tructures must be tr ea t e d wi th reserve. It is poss ib l e that 
some of these structu r es are of impac t or ig in; unt il one of them has been 
exp l a ined in detail and without maj o r di screpan cies by an impact theory, 
a ttribut i on of a ll of the structures to impact o ri gin is obv i ously premature . 

Theories of end ogenetic o ri g in of the se structures have generall y 
b r oken down on ev idence of high p r essures in the st r uctures . The conven ­
tional a ttempt to avoid this probl em h as been to call on unspecified ' exp l osive ' 
ac tiv it y during formation ( Buch er , 1963 ). At Carswell Lake there is ev i­
d e n ce that highly rea c tive volatile solutions acted dur ing format i on of the 
structure . A genu ine chem ical explosi on , as di s tingu ishe d from exp l os ive 
re l ease of phreatic pres sure, is a real poss ib ilit y in such c ir cumstances . 
Jagge r (1 948) cons idered such exp l os i ons as an important by - product of vol­
cani c activit y . Combined with a su itab l e geomet r y in the exp l osion chambe r , 
even weak b l asts could give rise to ext rem e l y high pressures very locall y 
(Deal, 1962 , p. 2 09 ). 

Such l ocal exp l osions a r e a poss ib l e sou r ce of shock metamo r phic 
phenomena foun d on fragment s in brecc ias , a frequent occurrence in small 
craters. H oweve r, the y cannot expla in phenomena such as d eformat i on 
l amellae wh i ch are foun d on r ocks in s itu over areas of square ki l ome tr es. 

A promising wa y t o obta in hi gh p r essures on this scal e is by 
manipu l at ion of the geome tr y of the rocks . A possible mechanism of ob tain ­
ing tran s ient hi gh pressures has been mentioned above. J amieson (1 963) has 
pointed out that excee ding l y hi gh p r essures ma y be obtained at shallow depths 
by us ing su itab l e geometr ies . Experimental d ata to judge t h e poss ib ilities of 
hi gh pressures a t shallow depths are v irtually non- existent. 

The great streng th of the end ogenetic theories i s the explanation of 
the loca ti on of st ru ctures of th e Carswell Lake t ype . Bucher (1 963 ) has dem ­
on strate d that these structures are (1) onl y formed on the s table cra ton, (2) 
follow tectonic features, and hence form linear c h ains . Exception h as been 
taken to these arguments on the g r ou n d s that it is diffi cult to l ocate any p la ce 
that d oes not have some tectonic feature nea r by (Rodd y , 1966 ). However, 
Currie (1 96 5) answe red thi s argument by showing that on the Canadian Sh ie ld , 
c r ate r s a r e assoc iate d onl y wi th swells, and that areas w ithout swell s are 
a ls o w ithout crate rs. 

In summar y , d espite a wealth of petrographic evid ence explicabl e 
qualitativel y by shock metamorphism, c ir cul a r structu r es of the Ca r swell 
t ype cannot at p r esent be exp l aine d by extraterrestria l impact. Endogenetic 
theories cannot at present explain the d e t a ile d petrog raphic data , bu t do 
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explain the gene ral features of th e structures. The presence of hig h pres ­
sure phenomena in the structure s may be explained by c onfined explosi ons, 
or by geometrical pressure multipli c ation o r by both mechanisms. In s hort, 
th e processes caus ing c ircula r structures of the Ca r swell t ype r emain 
obscure. 

In v iew of these unce rta inti es , the dat a from Carswell Lake a dd 
another piece of eviden ce to the concept that such s tru c tures are not caused 
by extr a t e rr estrial imp ac t and tha t ' shock d eformation ' may a ri se by pro ­
cesses other than impact or explosive shock. The cause of structures of th e 
Carswell typ e is probably buoyant fo r ces w ithin the crys talline basement . 
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