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PREFACE 

To the regional geologist, the M'Clintock Inlet area of northernmost Ellesmere 
Island is remarkable in two respects : the intersection of two orogenic systems is 
exposed, the Innuitian system of the Canadian Arctic islands and northernmost 
Greenland, and a north-trending sys tem aligned with the Lomonosov Ridge ; further
more, it is the onl y area within the magmatic belt of the Franklin ian Geosyncline 
where a nearly complete late Middle Ordovician to Late Silurian succession is ex
posed. The description and analysis of these two features are the main contributions 
of this report. 

The present study forms part of a systematic investigation by the writer of the 
lower Paleozoic Fra nklinian Eugeosyncline. It is a lso one of several published re
ports resulting from Operation Grant Land , an aircraft-supported reconnaissance 
project of the Geological Survey directed by R . L. Christie. 

Y. O. FORTIER, 

Director, Geological Survey of Canada 

OTTAWA, January 15, 1969 
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GEOLOGY OF ORDOVICIAN TO PENNSYL V ANIAN 
ROCKS, M'CLINTOCK INLET, NORTH COAST 

OF ELLESMERE ISLAND, CANADIAN 
ARCTIC ARCHIPELAGO 

Abstract 

The geology of a key a rea of about 380 square miles within the magmatic belt 
of the Franklinian Geosyncline is described and analyzed. 

Three major stratigraphic seq uences sepa rated by angul ar unconform ities are 
exposed: ( 1) A Middle Ordovician or older. unfoss ili ferous, partly metamorphosed 
sequence, more than J,000 feet thick, consists of keratophyres, cherts, slates, and 
limestones. (2) A late Middle Ord ovician (Wildernessian) to Late Silurian (Ludlovian) 
sequence, more than 14,600 feet thick, consists of carbonates, keratophyres, and 
elastic sediments assigned to seven for mat ions. These strata were deposited in non
mari ne to deep-sea environments, predominantly under shallow-water marine and 
shelf conditions. The elast ic sediments, genera lly coa rse gra ined a nd immature, were 
derived from volcanic, sedimentary, and metamorphic terranes of sialic com posi
t ion in the present Arctic Ocea n region that were periodica lly above sea level. 
Volcanism was limited to the Wildernessian - ear ly Richmond ian interval, and was 
proba bly an after-effect of Middle Ordovician tectonism. (3) A Middle Pennsyl
vanian and (?) yo unger sequence, more than 4,400 feet thick, consists of elastic 
sediments, limestones, and evaporites, deposited in non-marine to sha llow-water 
marine environments. The elastic sediments were part ly or who lly derived from 
nearby northerly sources. 

Igneous intrusions differ widely in size, composi tion, and age. Altered dykes 
and sills of intermediate to ult rabasic composition are Middle Ordovician and /or 
older ; a major, serpentinized, ultrabasic p luton is Early D evon ia n or older; sma ll 
quartz dioritic intrusions are probably Ea rly Devon ian (390±2 1 m.y.) . 

Southerly trending structu res, continuous with the extreme sou theastern fla nk 
of the L omonosov Ridge, characterize the northwestern part of the area. Eas ter ly 
trends, conforming with the predominant structura l gra in of northern E llesmere 
Is land, are typical of the south ha lf. Terrains continuous with the Lomonosov 
Ridge were elevated relative to terrains to the east in ear ly and middle Paleozoic 
times. 

The intersect ion of the easterly a nd the southerly trending structures, marked 
by a structural tro ugh and by ultrabas ic intrusions, was repeated ly a site of crustal 
extension. 

R esume 

L'auteur decrit et a nalyse la geologie d'une regio n-clef d'environ 380 
mil les carres a l'interieur de la zone magmatique du geosy nclinal Franklinien. 

Trois successions stra tigrapbiques importantes separees par des discor
dances a ngulaires demeurent visibles: 1) Une succession partiellement meta
m orpbisee, non fossi lifere, de l'Ordovicien moyen ou plus a ncienne, de plus 
de 1,000 pieds d'epaisseur, fo rmee de kera topbyres, de cherts et d'ardo ises. 



2) U ne successio n de la fin de l'Ordovicien moyen (Wildernessien) a la 
fin du Silurien (Ludl ovien), de plu s de 14,600 pi eds d 'epaisseur, formee 
de carbonates, de keratoph yres et de sed iments clastiques attribues a sept 
formation s. Le depot de ces strates s'es t effectue dans des milieux a llant du 
non marin a la mer profonde, mais surtout en mer peu profonde et sur des 
platea ux. Les sed iments clastiques, generalement a grai ns gross iers et non 
evolues, provi enn ent de ter rai ns volca niques, sedim entaires et metamor
phiqu es de composition sialique s'etendant dans la region actuell e de !'ocean 
Arctique, lesq uels se trouvaient periodiquement au-dessus du niveau de la 
mer. Le vo lcani sme, limi te a la periode du Wilclernessien au clebut du Rich
mondien, res ulte probablement du tectonisme de l'Orclovicien moyen. 3) U ne 
succession du Pennsylvan ien moyen et (?) plus recent, de p lus de 4,400 
pieds d 'epai sseur, comprend des sedi ments clastiques, des calcaires et des 
evaporites deposes dans des mili eux a ll ant du non marin a des eaux peu 
profondes. Les sed iments clast iq ues proviennent, tout ou en partie, de sources 
avoisina ntes. 

Les in trusions ignees varient considerab lement en dimension , en com
position et en f1ge. Les dykes et Jes fi lons-couches a lteres de composition 
interm ecliaire a ultrabasique date nt de l'Ordovicien moyen ou plus ancien; un 
immense pluton , serpentinise, ultrabasique, el ate du D evonien inferieur ou 
plus ancien; l'origine de petites intrusions dioritiques de quartz remonte 
probablement a u Devonien infer ieur (390 ± 21 millions d'annees) . 

D es structures a direction sucl , lon gea nt l'ex tremite sucl-est du fl a nc de 
la crete Lomonosov caracterise nt la partie nord-ouest de la region . Des 
structures a direction est, en concordance avec la trame structurale preclo
minante du nord de l'lle Ellesmere, constituent le genre typique de la partie 
sud . Les terrains longitudina ux a la crete Lomonosov etaient sureleves par 
rapport aux terra ins form es a !'est au cours du Palfozo'ique inferieur et 
moyen. 

L'intersection des structures a direction est et sud, marquee d'une auge 
structurale et d 'intrusions ultrabasiques, constitue chaque fois !'emplacement 
d'une extension corticale. 



INTRODUCTION 

Location and Accessibility 

The area mapped , compri sing about 380 squa re miles, lies a long both sides of 
M 'Clintock Inlet, a major indentation o n the north coast of Ellesmere l sland. Its 
geographic centre is approximately at 82°45'N latitude, 77°30'W longitude. 

The regio n is modera tely rugged , a nd transport is best acco mplished by heli
copte r. There are a few landing places for small planes ; a Piper Super Cub was used 
in 1965 a nd 1967. The nea rest permanent sett lement is Alert weather station on the 
no rthea stern extremity of E ll esmere Isla nd , abo ut 120 miles east of M 'Clin tock 
Inlet. This stat io n is served regularly by military aircraft , which bring ca rgo either 
directly from southern Ca nad ia n airports o r from Resolute Bay, the nearest civi lian 
airport a nd ha rbour. Resolute Bay, in the southern Queen Elizabeth Islands, is 700 
miles sou th west of Alert. 

Physical Features 

The map-area includes both unna med coastal ranges a nd pa rts of the Challenger 
M o untains. These a nd o ther ra nges make up the Grant La nd M ou ntai ns, which 
dominate northern E llesmere Island . 

The highest peaks, which occur in the so uthwe t, ri se to altitudes above 4,500 feet. 
Relatively high mou nta ins a nd steep slo pes have been formed in a major ultra bas ic 
intrusion no rth of Oobl ooya h Creek, in dolomite a nd limes tone of the Ayles Forma
tion , a nd in vo lcanic rocks of the M 'Clintock Formati o n. Of the numero us sma ll a nd 
intermediate ice caps, the la rgest is about 10 miles lo ng. Most of these li e above a n 
elevation of 1,000 feet , but in the no rth , some ex tend down to the sea. The most 
impo rta nt valleys a re those occupied by Taconite River, Ooblooya h Creek, a nd 
Egingwah Creek, a ll in the western part of the a rea . Vegetation is sparse and con
fined to va ll eys at low a ltitudes. 

The north coast is fringed by ice shelves with their characteristic ridges a nd 
troughs. Ice in the inlets is smooth a nd partly disintegrates in late summer. 

Previous Investigations 

M 'Clintock Inlet was di scovered in 1876 by Pelham Aldrich , a member of the 
British Arctic Expedition of 1875- 76 led by Sir George Nares. Aldrich , with a small 
party ma n-hauling a sledge, tra vell ed from hi s ship, which was wintering east of the 

MS. received May 1968. 

1 
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present Alert weather sta tion , along the north coast of E ll esmere Jsla nd to Alert 
Point. The same route was fo ll owed in J 906 by Pea ry, who proceeded to northern 

Axel H ei berg Island. 

The first geo logical map a nd report desc ribing thi s reg io n was prepared by R . L. 
Christie (1957, 1964), a m ember of a n expedition Jed by G. H attersley-Smith . Jn 
1954, that party explored the north coast of E ll esmere Jsland between Parr Bay (just 

southeast of Cape Aldrich) a nd the northweste rn ext remity of the isla nd. 

Jn the p resent area, Christie recogn ized th ree majo r geologic equences: l. a 

metamorphic basement complex, wh ich he assigned to the Cape Columbia Group 

establi shed by Blackadar (1954, 1960) and considered by him to be Lower Cambrian 

or o lder; 2. Ordovician sedimenta ry a nd vo lcanic rocks of the Franklin ia n Eugeosyn

cline ass igned by Christi e to two new reconnaissa nce units, the M'Clintock and 
Cha ll enger Groups; 3. Pennsylva ni a n a nd Permian strata of the Sverd rup Bas in 

resti ng unconformably o n the older rocks. Beca use of the rap id pace of thi s expedi
tion, Christie's observat ions were limited to coasta l exposures. 

Field Work 

In the summers of 1965 a nd 1966 a team from the G eological Survey of Canada 
m ade reconnaissance stud ies in no rtheastern Ellesmere Isla nd . Th is project, known 

as Opera tion Grant Land, was orga ni zed a nd directed by R . L. Christie (1966, 1967) 

and suppo rted by fixed wing and rotary wing aircraft. 

The writer was respo nsible fo r the stud y of the lower Paleozoic a nd (?) o lder 
unmetamorphosed rocks of the eugeosyncline ; other majo r geological units of the 

no rth coast, such as the meta morphic basement complex as igned to T . 0. F ri sch , 

a nd the upper Paleozoic to Tertiary rocks of the Sverdrup Basin assigned to W . W. 
assichuk, were a lso briefly examined by the writer. Jn the summer of 1967 the writer 

concl uded bis studies with the support of the Continenta l Polar Shelf P roject. During 
these three sum mers a total of 53 wo rking days was spent in the a rea , making foot 

traverses from six light camps a nd o ne traverse by heli copter. 
Definitions of term s used in this report to describe the size of carbonate crystals 

and the thickness of strata a re given in Appendices 1 and 2 respectively. 

Acknow ledgments 

The fossils were iden tifi ed by M. S. Barss, M. J. Copela nd , B. S. o rfo rd , and 

R. Thorsteinsson, all of the Geologica l Survey of Canada ; by the late W . A. Bell 
formerly of the survey, and by B. M amet of the University of M ontreal. 

Several X-ray analyses were made by R . N. D ela bi o a nd several chemica l analyses 

by S. Courville, both of the G eologica l Survey of Canada. Mrs. A . C. Semeon is 
responsible for some insoluble re idue determinations, a nd P . G raha m carried out 

some size a nal yses. 
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STRATIGRAPHY 

Three major seq uences separa ted by angular unconformities are recogni zed in 
the M 'Clintock Inlet area (see T able of Formations): 

l. A pre-late Middle Ordovicia n sequence, poss ibly with an in terna l uncon
formity, composed of an older, metamo rphic asse mblage; and a yo unge r, incom
pletely meta morph osed suite. 

2. A la te Middle Ordovician (Wi lderness ia n) to Late Silurian (Ludl ovia n) 
sequence. divisible into seven formations and two unnamed map-units of formational 
rank. 

3. A Pennsy lvania n sequence divisible into three ma p-units of formational 
rank. 

The most a bundan t rock types a re pure a nd impure carbonates, keratophyric 
volcan ic rocks, a nd relatively coa rse grained, partly red weathering, elas tic sed i
ments ; shal e, chert, a nd eva por ites are les a bunda nt. 

Late Middle Ordovician or Older 

M ap- unit I 

Lithology and Mode of Origin 

Map-unit I , compris ing those rocks of the area that show complete regional 
metamorphism, has been exam ined by the writer at on ly a few loca li t ies.! 

At the unnamed peninsula west o f Bromley Isla nd (Fig. 15, loc. 8), the unit 
consi ts of gree ni sh weathering, quartz-muscovite-chlorite schi st. Similar c hi st, 
but with less chl o ri te, is exposed about 2 miles west of the m o uth of Ooblooyah 
Creek (loc. 1). Ru sty weat hering, qua rtz-mu scovite-c hl orite schi st with carbonaceous 
matter is the predominant rock type at the head of M 'Clintock Tnlet. These rocks 
a re in the green schist facies of regional meta mo rphi sm (Fyfe a nd Turner, 1966), 
a nd probably represent original siltstone a nd sha le. At the head of M 'Clintock Inl et 
( locs . 2, 3), marble is associated with the elastic sed imen ts. A typical specimen of thi s 
rock consists of medi um- to coarse-grained , twinned ca lcite with a sma ll a mount of 
fi ne- to ve ry fine grai ned quartz. 

IA regional stud y of the metamorphic rocks on the north coast of Ellesmere Island by T. 0. Frisch 
(1967) contains addi tional data on map-un it I in the M'Clinlock a rea. 
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STRATIGRA PH Y 

Contact Relationships, Age, and Correlation 

At loca lity I, ma p-unit l is unco nforma bly overl a in by Middle Pennsylva nian 
stra ta, a nd at loca li ty 8, by Wilderness ia n beds of the Cape Di scovery Fo rmat ion. 
Therefore , the age of ma p-unit l can not be yo unger tha n Middl e Ord ovicia n. 

The contact rela tionshi ps with map-unit 2 a nd the age of that unit are un
certain, but there is so me evidence suggesting that map-unit l is older than map
unit 2 a nd that the la tter is Early o r ea rl y Midd le Ord ovicia n (see below). 

The na me Cape Co lumbia G ro up was given by Blackadar ( 1954) to meta morphi c 
rocks between Cape Columbia a nd Cape Aldrich. AK-Ar age of 545 m. y. ( Blackada r, 
1960) suggests that the rocks of the type a rea recrysta lli zed in Early Cambrian time 
o r ea rli er. The rocks of map-unit I were ass igned by Christie (1954) to the Cape 
Columbia Group because of their meta morphi sm . Whether map-unit l was meta
mo rph osed by the sa me event that produced the Cape Co lumbia Co mp lex, or by a 
yo unge r Middle O rd ovician o rogeny remain s uncerta in (see pp. 61 , 62). 

M ap-unit 2 

Map-unit 2 (Fig. 1) comprises p re-late Middl e Ordovician sedimentary a nd 
vo lcanic rocks that are distinctl y less metamorph osed a nd probably you nger than 

FIGURE 1. Oblique aerial view of map-unit 2 southwest of Toconite Inlet, westward. Th e structure is charac
terized by southwestword dipping low-angle fault s and by sil ls forming conspicuous le dges. (RCAF 
409L-23 1) 
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ORDOVICIAN TO PENNSYLVAN!AN ROCKS, M'CL!NTOCK INLET 

those of map-unit 1. Because of the intensely disturbed structure, the stratigraphy of 
the unit has not been worked out. Only one lithol ogic sub-unit has been distinguished 
so far: a volca nic assemblage on Bromley Island , informally designated map-unit 2a. 

Lithology 

Map-unit 2 consists mainly of volca nic rocks, chert, and limesto ne, in that 
order, with lesser amounts of ad mixed and interbedded argillaceous sediments. 

Volcanic Rocks 

The volcanic rocks are keratopbyres of three main types: acidic flows and breccias, 
intermediate flows and breccias, and tuffs. 

Acidic f!o1vs and breccias. These rocks weather from pale red to moderate redl 
and are aphanitic-porphyritic or aphanitic. The pbenocrysts are mainly of K-feldspar 
(orthoclase and /or microcline) and, less commonly, of quartz, microperthite (Pls. 
1-5 and II-5), and sodic plagioclase, mainly albite. The groundmass consists of micro
crysta lline to cryptocrystalline aggregates of feldspar and quartz with submicroscopic 
phyllosilicates. Some rocks are relatively rich in "iron ore," mainly hematite, and 
certain flows have segregated into silica- or hematite-rich lam.inae so that they re
semble cherty iron-formation or taconite. This impression is enhanced by sheared 
specimens that are coated with hematite of metallic lustre. However, the iron content 
of two typical specimens (5.12 and 5.93 Fe20 3 respectively) is too low to justify the 
terms iron-formation or taconite. Rusty weathering acidic volcan.ic rocks southeast 
of Bromley Island are rich in very finely crystalline pyrite. 

The chemical and minera logical composition of two characteristic specimens is 
given in Table I. These specimens are classifi ed as acidic keratophyres because of 
their h.igh silica content and sodic plagioclase. 

Intermediate flows and breccias. The intermediate flow rocks weather pale red to 
pale brown, and commonly are aphanitic-porphyri tic. The phenocrysts are mainly 
of albite and of chlorite pseudomorphous after pyroxene, amphibole, or biotite. 
One specimen contai ns remnants of biotite partly replaced by "iron ore" and chlorite. 
The groundmass is composed of sodic plagioclase, "iron ore," and semi-opaque, 
submicroscopic matter. 

Tu.Ifs and tuffaceous sediments. The tuffs and tuffaceous sediments are mostly 
laminated or thin ly laminated (see Appendix 2 for terminology). They consist of 
acidic to intermediate pyroclastic material s, commonly with varying proportions of 
admixed or interbedded argillaceous and carbonaceous sediments, or microcrystalline 
calcite and dolomite. The pyroclastic material consists of feldspar, quartz, chlorite, 
altered chloritic shards, cryptocrystalline fe lsic aggregates, and "iron ore." All 
plagioclase crystals examined were sodic in composition. The colour of the strata 

I Colo urs are named accord in g to the chart by Goddard , 1963. 
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STRATIGRAPHY 

varies with their composition a fo llows: rocks ri ch in felsic materia ls are light grey; 
those rich in chl orite, greenish ; those contai ning ca rbonates, yellowish; a nd those 
co ntaining argillaceous and carbonaceous matter, light to dark grey. Most rocks 
have a sla ty cleavage, and some have a schi stosity. In the schi stose rocks, the phyllo
silicates have recrystallized to microcrysta lline aggregates. Some relatively p ure 
fels ic rocks may be "welded tuffs." 

Chert 

The chert is pale to dark grey a nd weathers to shades of grey, or dusky ye llow to 
moderate brown where authigenic pyrite is present. A thin section of a typical rock 
consists of laminae, a bout 0.3 to l mm thick, that differ in the concentration of carbo
naceous impurities. Argillaceous matter, including muscovite, is mixed with the chert 
in varying proportions. Some bed s a re schi stose, a nd the chert grains in them are 
stretched. In the specimens studied, the schistosity is nearly para llel with the bedding. 

Limestones 

The limesto nes examined are all slightly impure and schistose. Three specimens 
of phyllitic limestone studied in thin sect ion consist mainly of microcrystalline 
carbonate gra ins that are tabular, subparallel with bedding, and range in grain size 
from about 5 to 50 microns. Vein-calcite in these rocks is coarser grained and promi
nently twinned . Impurities consist of silt-sized quartz, muscovite, chlorite, and 
carbonaceous matter. In one specimen , laminae of muscovite and chlorite fo rm 
microscopic folds about 50 to 100 microns in half-wave length . Microcrystalline 
pyri te, which produces a yellowish stain on weathered surfaces, is scattered thro ughout 
the strata. 

Sub-unit 2a 

Most of Bro mley I land is underla in by volcanic rocks, except for the southern 
part where phyllitic carbonates a re exposed. At locality 7, on the east side of the island , 
about 1,000 feet of.flows a nd tuffs is exposed . Similar volcanic rocks occur a t localities 
5 and 6. The strat igraphic position of sub-unit 2a is uncerta in . 

Contact Relationships 

Map-unit 2 is unconformably overlain by the Cape Di covery Formation, 
the angula r di scordance ra nging up to 90 degrees . Basic and ult rabasic dykes intrude 
the unit. The relationship with map-unit I is unkn own ; exposures west of Bromley 
Island a re sepa rated by ou tcrops of Ordovician rocks. 

Metamorphism 

Most rocks have a slaty cleavage, which is weakly defined in the volcanic flows 
and strongly defi ned in thinly stratified tuffs and sediments. In addition, some tuffs 
and sediments are schistose, the phyllosilicates, carbonates, qua rtz, and carbonaceous 
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matter in them having recrystallized in varyi ng degrees. This schi stosity, however, is 
probably confined to the vicinity of faults and shea r zones. 

The mineralogy of the volca nic flows is generally consistent with the greenschi st 
facies, but may be the resul t of chemica l altera tion rather than metamorphism because 
vo lcanic rocks with the mineral assemblage of greenschi sts (keratophyres, spilites) 
are common in unmetamorphosed eugeosynclinal terranes . 

Mode of Origin 

The carbonates, cherts, and associated volcanic rocks were probably deposited 
in a marine environ ment . The authigenic pyrite and carbonaceous matter in limestone 
and slate indicate that the sediments of these beds were deposited in basins where 
reducing conditi ons existed below the sediment- sea water interface. Because of the 
association of chert with acid ic vo lca nic rocks it is concluded that the silica in these 
sediments probably was originall y of vo lca nic origin, although some of it may have 
passed through the tests of siliceous o rganisms, such as radiola ri ans. R adiolarian 
remains were not detected in the few thin sections of chert studied from map-unit 2, 
but they were seen in chert fragments of the Cape Di scovery Formation obviously 
derived from map-unit 2 (Pl. J-1 , 2). 

Age and Correlation 

Fossils have not been found in the sedimentary rocks of map-unit 2, and analyses 
of the strontium and rubidium content of the volcanic rocks indicate that these are 
not suited for isotopic age determinations. This unit can not be younger than late 
Middle Ordovician , because it is u nconfo rmably overl ain by Wi ldernessian strata 
of the Cape Discovery Fo rmat ion. 

Map-unit 2 is di stinctly less metamorphosed than map-unit 1. Therefore, it 
represents either strata younger than the metamorphism of map-unit 1 or rocks 
older than that event that escaped thorough metamorphism because they were at 
higher crustal levels. Jn either case, map-unit 2 would be younger tha n map-unit 1. 
There is no evidence that the metamorphism in map-unit 1 dies ou t towards the out
crop area of map-unit 2, so that the possibility of map-unit 2 being equivalent to or 
older than map-unit 1 can be di sca rded. 

T he fo ll owing relat ionships suggest tha t map-unit 2 may be Ear ly to ea rly 
Middle Ordovician . 1. Map-unit 2 is comparable to Arenigian and you nger bedded 
cherts, grapto li tic shales, and a rgill aceous limestones of the Hazen Plateau if one 
a ll ows for typical facies changes from the magmatic belt of the Fra nklinian Geo
syncline to the non-magmatic axia l trough (Trett in , 1967, Fig. 1; 1968, map-unit 2). 
2. Detritus, evidentl y derived from map-unit 2, appea rs first in Wildernessian beds of 
the Cape Discovery Forma ti on. A thick, pre-Arenigian elastic sequence in the United 
States Ra nge, on the other hand, which was pro bably derived from a source terra ne 
that included the north coast of Ellesmere Isla nd , is lacking in this material (Trettin, 

10 



STRATIGRAP HY 

1968, map-unit l). 3. The volcanic rocks of map-unit 2 are similar to those of the 
unconformably overlyi ng Cape Discovery Formation , and to lesse r extent of the 
M'Clintock Formation . This suggests that the volcanic sequences above and below 
the unconformity are genetically related , and possibly of close age. 

Late Middle and Late Ordovician 

Cape Discovery Formation 

(Map-unit 3) 

A succession of limestone, sa ndstone, siltstone, dolomite, conglomerate, a nd 
subordinate amounts of vo lcanic rocks unconformably overlies map-units 1 and 2, 
a nd is overlain by the M'Clintock Formation of volcanic rocks. Thi s sequence is 
here named Cape Discovery Formation after the northernmost point on the east 
coast of M'Clintock Inlet, where parts of it a re prominently exposed. The cape was 
named by Pelha m Aldrich of the Briti sh Arctic Expedition of J 875-76 ; H.M.S. 

Discovery was at that time wintering at Lady Franklin Bay, on the east coast of 
Ellesmere Island. The description given here is based on sca ttered exposures between 
the peninsula west of Bromley Island and Egingwah Bay. Jn this region four members, 
informally referred to as members A to D , are recognized . 

Thickness and Lithology 

Member A (map -unit JA) 

M ember A cons ists of conglomerate a nd sa nd stone with a carbonate content, 
mainly dolo mite, increasing in proportion progress ive ly from base to top. Measured 
thicknesses range from a few feet to 223. The member has been observed only on the 
north end of the unna med peninsula west of Bromley Island a nd at two loca lities o n 
the island . The fol lowing type-section was measured at local ity 8 (Figs. 2 and 15) 
at the unnamed peninsula . 

Unit Description 

Overl ying beds: member B, Cape Discovery Format ion 

2 Dolomite, sa ndy, and sandstone, do lomi tic; minor do lom ite and 
conglomerate; sandstones lami na ted; co nglomerates Ja. 
minaled to thin bedded ; e lasti c units mostl y 2 lo 3 feet 
thick, grade from conglomerate through sandstone up to 
dolomite, extend laterally for more than 50 feet, and show 
some large-scale cross-stratification at high angles. 

Basal breccia over lai n by bo ulder-conglomerate with pheno
clasts up to 3 feet ; grades up to pebble-conglomerate and 
sand stone; poorly bedded unit .. 

Underlying beds: quartz-muscovite-chlorite sch ist of 
map-unit 1 

Thickness Height above 
(feet) base (feel) 

80 223 

143 143 
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At loca lity 9 (Fig. 2) on the east side of Bromley I sland the member is thinner, com
posed offi ner sediments, a nd not so we ll exposed. The following sect ion was measured 
there. 

Unit Description 

4 

3 
2 

O verlying beds: member B, Cape Discovery Formation 

Limestone, medium light grey, greyish o range to pale brown
wea ther ing, loca lly fossil iferous wit h brachiopods, bryo
zoans, ech in oderms (GSC Joe. 75417); contai ns dolomite, 
chert pebbles, sand , argil laceous a nd carbonaceous matter ; 
beds about 2 inches thick .. 

Covered interval , recess ive .. 
Conglomerate and breccia ; phenoclasts mainly pebbles, but range 

up to 3 inches in diameter; phenoclasts are size-sorted ; beds 
about a foot to 2.5 feet th ick ............ .. . 

Covered interva L recessive .... 

Underlying beds: volcanic rocks of map-unit 2 

ARCTIC 

Boulde-;s to 3' 
in member A 

79· 

OCEAN 

77• 

~pe 7 
Disco'"r; \ 

\ 

M'Clintock 

'---

) 8 . 

)
1"Ja, : Borup 

Point 
\ 

)-.J Bt . . 

I 

) I 
I 
I 

"' 

LEGEND 
FACIES OF MEMBER B 

(patterns md1care elastic impun r1es) 

~3~ D olom1to. arg1/laceous 

~ l L1mestone,dolom1te,mostly pure 

Member A 

Reference locallty 

Ice Shelf 

MOUNT 
AYLES 

79°00· 78" 77" 

Thicknes 
(feet) 

Hei ght above 
base (feet) 

5 
104 

Miles 

4 
30 

Kitometres 

MARVIN 

("' Gypsum 
(Christie, 1964) 

143 
138 

34 
30 

76°00' l 83°w 

PENINSULA 

Crash 
Point 

82"45' 

GSC 

76°00' 

FIGURE 2. Cape Discovery Formation, members A and B, litholacies. 
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At loca lity 10 (Fig. 2) on the island a few fee t of la minated pebble-conglomerate and 
cherty a nd dolomitic limestone lies stratigra phically between volca nic rocks of map
unit 2 a nd member B of the Cape Discovery Formation . 

The phenoclasts are mainly of chert o r vo lcanic rock at a ll three loca li ties. The 
c hert is difficult to di stingui sh from cryptocrysta lline felsic volcanic rocks. It is pure 
to argill aceo us, a nd massive to schistose. R elati ve ly clear, ellipsoidal nodules from 
a bout 0.10 to 0.13 mm in diameter, poss ibly of radiolarian o ri gin , were obse rved in a 
few fragments. 

M ost volcanic fragments are acidic a nd have a microfelsitic or cherty text ure. 
They a re either massive, o r brecciated a nd cemented by chlori te. Altered fragments 
consisting entirely of chl orite a nd " iron o re" are a lso commo n. Volcanic fragments 
of intermed iate composition, consisting mainly of plagioclase microlites, ch lorite, 
a nd " iron ore" are relatively rare, as are also fragments of dyke rock, composed 
c hiefly of p lagioclase. Only sodic plagioclase, i.e., a lbite or sodic oligoclase bas been 
identified in these rocks. 

The fo llowing rock types, in addition to chert a nd vo lca nic rock fragmen ts, are 
common in the phenoclasts a t locality 8: vein-quartz, qua rtz-muscovite-ch lorite 
schist, phyllite, and coarse-grained a ltered rocks composed of intergrown carbona te 
a nd chlorite with interstiti a l " iron ore." The altered rocks are carbonatized ultrabasic 
or gabbroic rocks, fragmenta l volcanic rocks, or gran uli tes. 

The sand-sized materia l in the conglomerates, sa ndstones, a nd impure dolo
mites is composed mainly of chert, quartz, vo lcanic rock fragments, low-grade meta
morphic rock fragments, a nd feld spar. Sodic plagioclase a nd microcline or orthoclase 
a re present, but calcic plagioclase a nd sanidine have not been identifi ed. 

The detrital material is a ngu lar to rou nded, a nd va ries from predomina ntl y 
poorly so rted to we ll so rted. Angular fragments of schist, similar to the underlying 
rocks of map-unit I , a re present in the basal strata at locality 8; a ngular, considerably 
fractured chert fragments, occur in the lowest exposed beds at locality 9. Some chert 
grains contain inclusion-free, rou nded or ell ipsoidal nodules that may represent 
radiolarian remains (Pl. I-l , 2) . 

Carbonate grains a re mingled with the detrital material in the middle and upper 
parts o f the member. At locality 8, the carbonate is mainly microcrysta lline to finely 
crysta lline, euhedral to subhedral dolomite. At loca lity 9, cryptocrystalline calcite 
a nd ca lcareous skeletal fra gments are present in additio n to microcrystalline dolo mite. 

Member B (map-unit 3B) 

Member B, consisting mainly of limestone and dolomite, is characteri zed by 
va riations in lithology and probably a lso in thickness. Complete section s have not 
been measured ; minimum thicknesses of this member, esta blished loca lly, a re in 
excess of 300 a nd 450 feet res pectively. Except for the few loca lities where member 
Bis underla in by member A, it rests directly on map-units 1 and 2, a nd on the basic 
t o ultrabasic intrusio ns cutting map-unit 2. Four Jith ofacies are distinguished (see 
Fig. 2). 

Facies 1 (map-unit 3B1) represented o nly in the northern part of the unna med 
peninsula west of Bromley Is la nd , consists of limestone and dolomite with a con-
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siderable amo unt of elastic impurities a nd some intercalated fe lsic volcanic rocks. 
Un like the other three facies, fac ies I is difficult to distinguish on air photographs 
from map-units I and 2. The following incomplete section was measured at locality 8. 

Unit Description 

Fault contact 

3 Limestone, dark grey, greyish o range weathering, with fossils 
supported by cryptocrystalline to microcrystalline calcite ; 
argil laceous, dolomitic, and partly sa ndy; thin-bedded; 
bedding vague; fracture c leavage .. 

2 Acidic, probably keratophyric volcanic rocks, tuffaceous, partly 
welded; laminated to medium-bedded , with some large
scale cross-stratification at high angles 

Dolomite, microcrystalline, medium grey ; pale yel low, pale 
brown, a nd pale red weathering; ca lcareous, argil laceous, 
sandy, and pebbly; cepha lopods, gastropods, trilobites, etc. 
(GSC Joe. 75418) supported by cryptocrystall ine to micro
crystalline ca lcite; bedding vague, fracture cleavage .. 

Underlying beds: e lastic and dolomitic sediments of 
member A 

Thickness Height above 
(feet) ba e (feet) 

170 438 

38 268 

230 230 

Facies 2 (map-unit 3B2), exposed mainly on Brom ley Jsland and southwest of it, 
con ists of medium grey, slight ly argillaceous limestone. The limestone wea thers 
medium light grey to light olive-grey, is poorly bedded , sparsely fos iliferous, and 
cryptocrysta lline to predominantly microcrystalline. It contains co rals, gastropods, 
stra ight cephalopods, bryozoans, trilobites, and strornatoporoid s that are supported 
by cryptocrystalline or rnicrocrystalline calcite. Colonial cora ls are most abundant 
at localities 9 and 10. Locally, for example a short di tance east of locality 12, at the 
base of the member, there are a few inches of medium light grey, greyish orange 
weathering, thinl y laminated, slight ly ca lcareous dolomite. Most dolo mite crystals 
in these basal beds a re 5 to 15 microns in diameter. but so me range up to about 60 
micron s. The associated ca lcite is cryptocrysta lline. Thi s dolomite is more characteris
tic of facies 4 than facies 2, but could not be mapped separately because of its thinness. 

Facies 3 (map-unit 3Ba) consists of medium light grey, yellowish grey weathering, 
very fine ly crystal line to predominantly microcrystalline dolomite, wh ich is bitu
minou s, sli ghtl y argillaceous, a nd massive. Facies 3 loca lly in terfingers with facies 2. 

Facies 4 (map-unit 3B4) occurs mainly on the coast of M 'Clin tock Inlet. An in
complete reference section at loca lity 11 , bounded at the base by a fau lt, is about 290 
feet thickl. This facies is characterized by we ll- stra tified ,usually laminated limestones 
and dolomites that a re almost devoid of fossi ls. Light grey, nea rl y pure limestone and 

IType sections have only been designated for those units of which a complete, well-exposed, and 
relatively undisturbed exposure is known. A reference section is given for those units of which only an 
incomplete, but otherwise sat isfactory sect ion is kno wn. In the rema in ing units, the general area in which 
lithology, contac t relat ionships, and minimum thickness were estab lished serves as a su bstitute fo r the 
type ection. 
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dolomite form the bulk of the member, but varicoloured, impure beds are also pres
ent : dark grey limestone and dolomite rich in carbonaceous matter occur in the 
lower part, a nd light green weathering, chloritic a nd argi ll aceous la minae, in the 
upper part. Bird seye dolomite (in the sense of Shinn , 1968, Fig. 7) was observed at 
va rious levels between Murphy Point and Egingwa h Bay. At Murphy Point, veinlets 
of gypsum are present in da rk g rey, finely microcrystalline, bituminous dolo mite 
near the base of the member. 

Typical a mples of pure lim estone a re composed of anhedral, fin ely microcrys
ta lline calcite about 4 to 10 microns in diameter. One sample conta in a few un
determined skeletal fragments, a nd another vaguely defined pel lets a bout 0.1 to 0.2 
mm in diameter. The dolomite specimens examined a re composed of euhed ra l crys
ta ls, mainly about 5 to 30 microns in diameter. 

A sample of bird seye rock consists of medium da rk grey, wavy fragments of 
dolomite that are a few millimetres thick, up to several centimetres lo ng, parallel to 
subpa rallel with bedding, a nd cemented by ve ry li ght grey dolo mite. The dark frag
ments consist of cloudy crystals of dol o mite, about 5 to 10 microns in diameter, a nd 
the light coloured cement of clea r dolomite crystal s about 150 microns in diameter. 

Argillaceo us a nd ch lo riti c specimens from the upper part of the member show 
recrysta llizat io n o f the phyll os ilica tes to g rain sizes o f a bo ut 5 to 10 microns. The 
planes of schi stosity form high angles with the bedding. 

Gypsum on the east side of M'Clintock Inlet. A lens of gypsum, associated but 
not interbedded with vo lcanic rocks of the M'Clintock Formation , was mapped 
by Christie ( 1957, 1964) on the east side of M 'Clintock Inlet opposite Murphy Point. 
The east side of the inlet north of Ootah Bay was not visited by the writer. R ed beds, 
however, presumed to represent members C a nd D of the Cape Di scovery Fo rmat ion , 

and under lying carbonates pres umed to represent member B, were seen from a di s

ta nce at severa l loca liti es between Cape Discovery and Ootah Bay. The gypsum m ap

ped by Christie occurs within thi disco ntinuous belt of ou tcrops of the Cape Dis

covery Formation, a nd probably fo rm s pa rt of i t. There a re, furthermore, some in

dications that th e gyps um is rela ted to fac ies 4 of member B. Vein lets of gyps um we re 

o bserved in that unit at Murphy Point, a nd the entire unit seems to have been de

posited in a shall ow-ma rine to supratidal enviro nment , close ly rela ted to the eva

poritic enviro nment (see Mod e of o rigin). 

Member C (map-unit 3C) 

At the ty pe sectio n, loca lity 11 , member C is a bo ut 1,050 feet thick, a nd consists 

of rhythmic a lternat io ns of th inl y laminated to la mina ted silty limestone a nd ca l

ca reous siltstone (see Appendix 2). The limesto ne weathers Li ght grey a nd the siltsto ne 

m oderate red. Intrafo rmationa l conglo mera tes a re commo n in thi s unit. The red 

colour of the siltstone is due to hemat ite a nd to hema titic coatings o n other minera ls. 

The co ncentrat io n of opaque material is fair ly constant late ra ll y, but varies vertica ll y 

in a rhythmic fas hi o n. Jn additio n to the opaq ue ma terial, the rocks co ntain silt

sized quartz and feld spa r. 
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Member D (map-unit 3D) 

At the type section, locality 11 , member D contains about 1,500 feet of strata. 
It consists mainly of greenish red to moderate red, coarse- to predominantly fine 
grained sandsto ne with subordinate fine pebble-conglomerate and siltstone. Most of 
the unit is laminated, and some strata show current ripple-marks. 

In the lower 300 feet of member D , a vo lcanic flow and varicoloured dolomites 
are associated with the elastic sediments; in the upper 100 feet, some impure greenish 
dolomite and reddish , silty limestone similar to the predomi nant rock type of member 
Care present. 

The approximate vo lumetric composition, established by poi nt count analysis, 
and some textural features of three typical samples of sand sto ne are given in Table III. 

The volcanic fragments are mostly acidic and to a lesser extent intermediate in 
composition. Some felsic fragments are probably of pyroclastic origin. The feldspar, 
present as individua l grains or in volcanic rock fragments, is sodic plagioclase, 
microcline or ort hoclase, and microperthite . The sodic plagioclase is relative ly clear, 
whereas the K-feldspar is se ricitized. The quartz is genera ll y clearer than is normal 
for metamorphic or plutonic quartz. This clearness, the common euhedral to sub
hedral habit, and the association with felsic volcanic fragments suggest that it is 
mainly of volcanic origin (Pl. I-4) . The carbonate occurs partly as replacement of 
feldspar and volcanic fragme nts, and partly as individual, sa nd-sized crysta ls or 
microcrystalline aggregates. Both calcite and dolomite are represented . The opaque 
material wea thers red, and is probably hematite. Because of the sca rcity of clay matrix 
and the overall keratophyric composition, the sa nd sto nes are classified as kerato
phyric, volcan ic arenites (see Gilbert, 1954). 

The volcanic flow in the lower part of the member is simil ar to flow rocks in the 
basal part of the M 'Clin tock Fo rmation (Table 11). The dolomite is finely micro
crystalline to finely crysta lline and contains admixed or interlaminated silt-sized 
quartz, feldspar, volcanic frag ments, and chlorite. 

Contact R elationships 

The Cape Discovery Formation rests with angular unconformity on map-units 
l and 2 and on the basic and ultrabasic intrusions cutting map-unit 2. 

At locality 8, the structural di scordance is not conspicuous, but there is a marked 
difference in metamorphism, the strata of map-unit l showing low grade regional 
metamorphi sm and the Cape Discovery Formation on ly a slaty cleavage. At locality 
9, the angular di scordance at the base of the Cape Discovery Formation ranges up to 
90 degrees. At both locali ties the basal strata of the formation contain angular 
fragments of the immediately underl ying rocks, which shows that the contact re
lationship is a norma l stra tigraphic one a nd not the result of fa ul ting. 

At locality 12, nea rl y horizontal do lomite of member B overlies steeply dipping 
basic to ultrabasic dykes that cut the volcanic rocks of map-un it 2 (Figs. 3 and 4). 

The upper contact of the Cape Discovery Formation with the M'Clintock 
Forma tion is best ex posed between Murphy Point and Egingwah Bay, and ha s been 
examined at locality 11 . This contact is well defined and conformable. 
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Oblique aerial view of the west si de of M'Clintock Inlet betwee n Eg ingwo h 
Boy ond Ooblooyah Creek, westward . The Zebra Cliffs Formation (7) and 
the ove rlying lmino Formation (8) ore exposed on the Zebra Cliffs in the 
right foreground . An ultra basic intrusion under!ie s the relatively high mounta in 
on th e left . Th e ultrobasic rocks (Ub) ore in fa ult contact on the left with 
pre-Wild e rnession me tamorphic rock s (1 ), and on the right, in th e back
g round, with light coloured carbonates of the Ayl es Formation (5). Dork 
coloured Middle Pennsy lvonion sedi ments (1 0) tha t re st un conformobly on 
the metamorphic rocks, the ultraba sic intrusion, and the lmino Formation 
form a structural trough. (RCAF T 404R-15) 





FIGURE 3 . Oblique aerial view of Bramley Island, eastward. Nate angular unconformity between underlying 
steeply dipping intrusions (dark) and overlying, nearly hori zontal, dolomite of the Cape Discovery 
Formation. (RCAF T408L-2) 

between 
(2ol and (3) 
exposed here 

, 
' ., . 

FIGURE 4 

Vertical aerial view of 
Bramley Island. The num
bers and symbo ls corre
spond with those of th e 
geological map (Fig . 15). 
(Spartan A16 6 90-12 4) 
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Mode of Origin 

Member A 

The basal strata of this rnem ber probably represent a slight ly reworked regolith; 
this is concluded from the angu lar shape of some fragments, and from their simila rity 
with the underlying ba ement rocks. The uppermost beds, fossiliferous and rich in 
carbonates, are marine. The middle part of the member, characterized by conglom
erates and large sca le crossbedd ing, may rep resent ftuviatile a nd deltaic environ
ments transitional between those in which the basal and uppermost beds were laid 
down . 

Variations in the size of the coarsest clasts indicate that the ou rce of most 
sediments must have been a short dista nce to the west or northwest of loca li ty 8, 
where boulders up to 3 feet in diameter occur (Fig. 2). The source terrane included 
chert and keratophyres comparable to map-unit 2 and schists comparable to map
unit 1 with some intrusions and q uartz veins. 

The limited dist ribution of member A is probably due to deposition in erosional 
channels and other depressions of the Middle Ordovician land su rface, and not to a 
disconformity between members A and B. This conclusion is based on the gradational 
nature of the contact and the proba ble Wilderness ian age of both members. 

Member B 

Facies 1. During the deposition of this unit a n upland so urce of elastic sedi
ments persisted in the region west or northwest of locality 8 (see Fig. 2), but within 
the map-area detrital deposition was subordinate to carbonate formation. The fauna 
from locality 8, which includes trilobites and anthozoa, suggests a shelf environment. 

Facies 2. Only a small proportio n of argi ll aceou matter reached the depositional 
site of facies 2 which, judging from the coralline fauna (see GSC locs. 75419, 75420, 
and 69206), lay on a marine shelf. The absence of primary st ructures and of textures 
attributable to wave- or current-action indicates protected conditions, and the 
preservation of carbonaceous matte r shows that reducing condition existed below 
the sediment-sea water interface. The microcrystalline texture is probably the result 
of recrysta llization of an o riginall y cryptocrystalline sediment (see Folk, 1959, 1962, 
1965). 

Facies 3. The massive dolomite of th is facies probably formed by replacement of 
strata of facies 2 after their burial. 

Facies 4. The lack of foss il s a nd the laminated nature of the limestones and dolo
mites in this facies po int to evaporitic coasta l environments, e.g., lagoo ns, and supra
tidal fiats. In such environments lime muds can form by direct precipitation (see 
Cloud, 1962) and do lomites by peneco ntemporaneous repl acem ent (see Pray and 
Murray, 1965). The strat ification was not appreciabl y disturbed either by burrowing 
organisms or by waves and currents. 

Several possible modes of o rigin may be proposed for the laminated , planar 
type of birdseye structures observed. They closely resemble st ructures produced by 
artificia l and natural drying of lime sediment, and are probably due to alternate 
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wetting a nd drying in the intertidal to sup ratida l enviro nment (S hinn , 1968, p. 2 18, 
a nd Fig. 7). Another pos ible ex plana ti o n is the remova l a nd subseq uent replacement 
by do lo mite cement of o ri gina lly interl aminated alga l mats (Klovan, 1964) or evap
orites. 

Member C 
M ember C, which is lam inated a nd unfossilife ro us, probably origi nated in a very 

sha llow a nd protected environment. It is simil ar to facies 4 of member B, but differs 
from that unit by the presence of si lt a nd absence of dolomite. The si lt probably 
indicates a n up lift in the bo rderland to the north or northwest, movements th at 
culminated during th e depos ition of member B. The rhythmic vertical changes in 
silt content may be rel ated to rh ythmic, p ossibly seaso na l, climatic changes in the 
source a rea that resulted in increases and decreases of sediment transport. The 
breccias obse rved in thi s member a re probably due to des iccation . 

Member D 
The association of cross-stratified elastic sediments with dolomite suggest 

nea r-shore deltaic environments of deposition . The red colour wa probably in
herited from the red wea thering, keratophyric vo lcanic rocks of ma p-unit 2, which 
seem to have been the main source of the sediments. 

Age and Correlation 

Foss il s from members A and B were identified by B. S. orford as follows: 

Member A 

Locality 9 (Fig. 2). 3.7 miles northeast of the south tip of Bromley Island. 
GSC Joe. 75417 
trimerellid brachiopod 

Age: Middle Ordovician (probably Wilderness) to Late Silurian (Ludlow). 

Locality 10. 2.3 miles north of south tip of Bromley Island. 
GSC loc. 754 16 
rhynchonellid brachiopod 

Age: probably Ordovician to Permian. 

MemberB 

Locality 8. 0.8 mile southeast of unnamed cape just west of Bromley Island, about 140 feet above the 
base of the member. 

GSC loc. 754 18 
bi fo lia te bryozoan 
straight cepha lopod 
colonia l cora l 
undetermined trilobite 

Age : Middle Ordovician to Mi ddle Devonian. 

Locality 9 as described above. 
GSC loc. 754 19 
echinoderm fragments 
straight cephalopod 
gastropod 
undetermi ned corals 

Age: Middle Ordovician to Permian. 
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Local ity I 0 as described above. 

GSC Joe. 75420 

tetrad iid and undetermined corals 

Age : Middle Ordovician (Ashby) lo Late Ordovician (Rich mond). 

Locality 13. Peninsula we t of Bromley I la nd, west and southwesl of south tip of Bromley Jsland ; 
partly from outcrop, and pa rtly from a contin uous stream of debris of the sa me lithology (facies 2) 

extend :ng from this loca lity for about If m iles to the north . 

GSC Joe. 69206 

bryozoan 
echinoderm debr is 
stroma toporoids 
stra ight cephalopods 
Mac/1 ,rites sp. 
Palaeoplty /111111 sp. 

Age : Ordovician, probabl y Barneveld or Wilderness . 

In 1954, R . L. Christie (1964, p. 2 1) collected fossi ls from ta lus probably a littl e 
northwest of loca lity 8, which were identified by G. W. Sincla ir as fo ll ows: 

GSC Joe. 24720 

cr inoid fragments 
Anthozoa , genus indetermina te 
Sowerbyel/a sp. 
Liospi1 a sp. 
Jllae1111s sp. 
Co111oceras sp. 
Ric/10rdso11oceras sp. 
Lop/10spira sp. 

Thi co ll ection was assigned by Sinclair to the Wildernessia n stage. Ch ri sti e, 
who was ab le to make only a ve ry brief reconna issa nce of the environs, supposed 
that the so urce beds were correlative with the Cha llenger Group of M'Clintock 
Inlet. The present ma pping, however, shows that the fossil s ca me from member A 
o r B, mos t likely member B, of the Cape Discovery Formation. 

The m ost di agnostic foss il in a ll these co ll ectio ns is Gonioceras, which suggests 
that member B is Wilderness ia n. The other identifica tions, though of less va lue, are 
not incon istent with th is assignment. The presence of a trimerellid brachiopod in 
member A shows th at thi s unit , too, proba bly is no t o lder tha n Wilderness ian. 

No foss il s we re fo und in members C a nd D . Their poss ible range is Wildernessian 
to Richm ondia n because they are ove rl a in by the M 'Clintock Formation, which 
contai ns Richm ondia n foss il s in the upper pa rt. 

Members A and B a re a lmost certainly correlative with strata on Judge D a ly 
Prom o ntory provisio na ll y designa ted as Fo rma tion A (Norford, 1966); with the 
Bay Fio rd Format io n of centra l E llesmere Isla nd (Kerr, 1967) ; a nd probably a lso 
with member A of the Ba ill arge Fo rma tion o f no rthweste rn Baffi n Isla nd (Trettin, 
1965). The fi rst two a re known to be of Wilderness ia n age; the last undoubted ly is of 
late Middle Ord ovicia n age, a nd probably a lso Wildernessia n. All three corre lat ive 
units a re com posed mainly of impure ca rbo na tes deposited in nea r-sho re and coastal 
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environments, with loca l eva porites present in the Bay Fio rd Formation . F urthermo re, 
member A of the Bailla rge Formation, like the Cape Di scovery Formation, is bounded 
at the base by a hiatus correspo nding to the hiat us at the base of the Tippecanoe 
sequence of the stab le interi o r of the N orth Ameri ca n co ntinent (Sloss, 1963). 

Formation A of Judge Daly Promonto ry, t he Bay Fiord Formatio n, a nd member 
A of the Baillarge Formation are a ll overl a in by massive Ji mes tones that are relat ively 
pure a nd that contain mainly the so-ca ll ed Red Ri ver fauna, alth ough Norford sta tes 
(op. cit.) tha t a slightly o lder fa una may be present in the lower part of Formation B 
o n Judge D a ly P ro mo ntory. 

either these overlying limesto nes nor the Red Ri ver fa una are present in the 
M 'Clin tock Inlet a rea and, therefore, the correlation of member C a nd D is un 
certain . lt seems, however, that members C a nd D of the Cape Di scovery Formation, 
beca use of their elast ic content, a re more close ly rela ted to the impure ca rbo nates of 
Formation A on Judge D a ly Promonto ry a nd to the Bay F iord Formation than to 
the ove rl ying pure ca rbo nate units. 

The volcanic rocks of the M'Clintock Formation , o n the o ther hand , may be 
corre la tive with these lightl y yo unge r o r ove rl ying limesto nes. Therefore, the contact 
between the Cape Discovery a nd M 'Clintock Format ions is tentatively correlated 
with the contact between Formatio ns A and B on Judge D a ly P ro mo ntory (No rford , 
op. cit.). between the Bay Fiord and Thumb M o unta in Formations on cent ra l E ll es
mere Isla nd (Kerr, op. cit.), a nd between members A and B of the Ba ill a rge Forma
tion . Tf this correlation is co rrect, then members C and D of the Cape Discovery 
Formations are a lso of Wildernessian age. 

M 'Clintock Fo rmat ion 

(Map-unit 4) 

The na me M 'Clintock G ro up was given by Christie ( 1957, p. 12; 1964, p. 17) 
to a n assemblage of mainly vo lcanic rocks with intercalated subordinate sediments 
best exposed o n the coas t of M 'C lin tock Inlet. The term "group" was used in a 
reconna issa nce sense. As the M 'Clintock G ro up ca nnot be divided into mappable 
sub-uni ts, it is here re-defi ned as a formation. The M'Clintock Formation comprises 
the predo mina ntl y vo lca nic a nd associated subordina te sedimentary rocks that lie 
st ratigra phica ll y between the red beds o f the Cape Discovery Formation and the 
ca rbona tes of the Ayles Formation. 

T he lithology, contact rela ti onships, minimum thick ness, and age of the fo rma
tion were es ta blished so uth a nd west of M 'Clintock Jnlet, between Borup Point and 
Egingwa h Creek. 

Loca ll y two members a re di stingui shed, informally referred to as members A 
a nd B. 

Thickness and Lithology 
M ember A 

Pa rt of a section of member A at loca li ty 14 comprises about 4,000 feet of strata . 
Thi s section was not measured directly, but the thick ness was inferred from photo 
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interpretation combi ned with structural observat ions from Bromley Isla nd. The 
member consists mostly of flows and flow breccias, and lesser amounts of tuff. The 
rocks weather brownish grey with a shade of purple, reddish brown, or pale olive. 
The tuffaceous rocks a re well stratified and pa rtl y laminated, but in the flow rocks 
bedding is difficult to discern. Some fl ows show pillow structure. 

The flow rocks consist mainly of sodic plagioclase, ch lorite, and "iron ore," 
and ome also contain small proportions of K-feldspa r, quartz, and clinopyroxene. 
The plagioclase occurring as phenocrysts is partly twinned a nd zo ned, and ranges in 
composition fro m ca lcic oligoclase to sodic al bite . Most pyroxene, and any a mphibole 
and biotite that may have been present originally, have been replaced by chlorite and 
"iron ore;" only in one specimen are remnants of clinopyroxene preserved. In addi
tion, the rocks are partly altered by ca rbonate, se ricite, and epidote. 

Both petrographic studies a nd the chemica l a na lyses in Table II indicate that 
these rocks are keratophyres of intermediate composition , i .e., a ndesites with sodic 
plagioclase. According to Turner a nd Verhoogen (1960, p . 57), the intermediate 
volcanic rocks range in silica content fro m 52 to 66 per cent. Specimen 1 is near the 
acidic end of this spectrum, and pecimen 2, which is more characteristic of the 
fo rmation as a whole, is near the basic end . 

Member B 

Member B was observed only at locality 15, about 3 miles west of Egingwah Bay, 
j ust north of Egingwah Creek, where the fo ll owing type section was measured on a 
south-facing slope. 

Unit Description 

Overlying beds : dolomite of Ayles Formation 

3 Calcarenite, tuffaceous, medium grey, light o live-grey weathering. 
very fine to coarse-grai ned, laminated , wel l orted; composed 
of cryptocrystall ine to microcrystalli ne, partly skeletal li me
stone fragments, and lesser proportions of chlorit ized shards 

2 Volcanic flows, green and brown wea thering, as in member A 
I Limestone, medi um light grey, yellowish grey wea thering, micro-

crystal line to cryptocrystalline; bedding genera ll y poor, but 
fine, wavy laminations, possibly of algal origin present; 
contain ing a small proportion of sandy and s ilty impurities, 
and very sparse, matrix-supported fossils (GSC Joe. 69207) .. 

Underlying beds: volcanic flows of member A, partly 
with pillow st ructure 

Contact Relationships 

Thickness Height above 
(fee t) base (feet) 

20 
253 

16 

289 
269 

16 

The contact of the M'Clintock Formatio n with the overlying Ayles Formation 
is best exposed at locality 15, and that with the underlying Cape Discovery Formation 
is exposed at locality 16. Both appea r to be sharp and conformable. 
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Mode of Origin 

The limesto ne of m ember B, judging from its fa una, was deposited in a shelf 
enviro nment. The p ill ow lavas a nd many breccias in m ember A suggest that it is 
subaqueo us a lso, a nd a sha ll ow, marine o rigin seems proba ble from its stra tigraphic 
position between delta ic a nd sha llow ma rine deposits.! 

The preservation of some clin opyroxe ne shows that the for matio n, if meta
morphosed at a ll , h as not been completely metamo rphosed; the sod ic compositi on 
of the plagioclase a nd chl oritic alteration of most mafic silica tes, o n the o ther hand , 
may be due to metasomatism rather than to meta morphism. 

Age and Correlation 

Fossils fro m member B at loca lity 15 were identifi ed by B. S. o rfo rd as follows: 

GSC loc. 69207 

stromatoporo ids 
?Palaeofavosites sp. 

Age : Rich mond to Si lurian. 

As the M 'Clintock F ormati on is ove rlain by more than 5,000 feet of Richmondian 
strata, member B can ha rdly be you nger tha n ea rl y Richmo ndia n. Member A may 
ra nge from late Wildernessia n or Barneve ldia n to ea rl y Richm ondia n. The fo rmation 
is probably correlative with the middle a nd upper parts of the Cornwall is Group 
designated as Thumb M o un tain a nd Irene Bay Formations (K err, 1967), a nd the 
lowermost part of the Allen Bay and Cape Phillips Formations (Thorsteinsson, 1958). 

CHALLENGER GROU P 

The na me Cha ll enge r Group was given by C hri stie ( 1957, p . 13; 1964, p. 2 1) to 
"grey limesto ne a nd reddi sh sa ndstones, with minor co nglomerate, fe ldspathic 
sa ndstone, a nd mudstone, a nd so me a ltered basic volcan ic rocks" exposed on the 
coasts of the upper part of M 'Cli ntock Inlet. H e considered thi s gro up to be younger 
than the M 'Clin tock Group, although the contact rel a tionshi ps were not established. 

The term C ha ll enge r Group is here app li ed to a ll those strata of M 'Clin tock 
Inlet area that ove rli e the vo lcan ic M'Clintock Formation and underlie the elastic 
Imina Formation. The Jmin a Forma tion was a lso named by Ch ri st ie ( 1957, p. 16f.), 
but was not recognized in thi s area. 

The Cha ll enger Group is subdivided into three new formations; in asce nding 
order, the names Ayles, Taconitc River, and Zebra Cliffs a re proposed. 

Ayles Formation 
(Map-unit 5) 

Adam Ayles, a sa il o r of H .M.S. Alert, accompa nied Pelham Aldrich in 1875 and 
1876 on a ll his major sledge expeditio ns in no rthern E ll esmere l sland. Ayles Fiord 
a nd a mountain 10 miles east-northeast of the head of that inlet were named in hi s 

lJt is possible, however, that the volca nics ro rmed island s during times or rapid accumulation. 
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honour. The name Ayles Formation is proposed for the ca rbonate unit that li es 
stratigraphically between the vo lca nic M'Clintock Formation and the elastic Taconite 
R iver Formatio n. The litho logy, contact relation ships, age, a nd approxi mate thick
ness were es tab lished on Mount Ayles a nd in the vicini ty of Egingwah Creek. 

Thickness and Lithology 

A section meas ured photogrammetrically o n the southeast s lope of Mount 
Ayles (Fig. 15, Joe. 18) is abo ut 1,000 feet thick. This section is bou nded at the top 
by a n erosion surface, but considered to be nea rl y complete. The formatio n has a 
minimum thickness of abo ut 800 feet in a fa ult slice o n the north slope of Mount 
Ayles (Joe. 19). 

T he Ayles Formati on consists ma inly of ca lcareous dolo mite and dolomitic 
limestone. From a di stance, medium light g rey, very resistant sets of strata tens of 
feet thick are seen to a lternate regularly with s lightl y darker, more recessive sets of 
beds. H a nd specimen s of the dolomitic strata weather ye llowish grey. The stratifica
tion ba s been a lm ost ob li terated, partly by dolomiti za tion , a nd perhaps also by 
burrowing organ isms; where preserved, it vari es from lamina ted to thin bedded, 
a nd common ly shows shallow undulations a few inches to about a foot in wave
length . 

The limestone is composed of microcrystalline, an hedra l ca lcite. I t is replaced, 
e ither massively or in a mottled fash ion, by coa rsely microcrysta lline to m edium 
crystalline, euhedral to su bhedral dolomite with some ca lci te preserved in the inter
stices. The difference in the hue of the st ra ta seems to be related to differences in the 
concentration of submicroscopic impurities conta ined mainly withi n the ca rbonate 
c rystals. On ly sma ll amounts of sil t- a nd sa nd-sized impurities, mainly quartz and 
muscovite, are present. Fossils are scarce, i.e. , compri se considerably less than o ne 
per cent of the rock volume. 

Contact Relationships 

The bounda ri es of the Ayles Formation are di stinct. The lower contact with 
the vo lca nic M 'Clin tock Formation has not been seen ex posed, but is covered by 
o nl y a few feet of ta lu s at loca li ty 15. The upper co ntact with the elastic Tacon ite 
River Format ion is exposed at loca lity 23, where it is confo rma ble. 

Mode of Origin 

The format ion appears to have been deposited in c lear water . The cora lline 
fauna suggests a well-oxygenated shelf env ironme nt, perhaps between the zone of 
turbu lence a nd wave base (see Well s, 1967). 

Age and Correlation 

Fossil s from the Ayles Fo rmation were identified by B. S. Norfo rd as fol lows: 
Locality 20. About 4 miles west of Egingwah Bay. 
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GSC Joe. 69204 

bryozoan 
Tollina sp. 

Age: Ordovician , probably Ba rnewld to Richmond. 



Locali ty 21. 3.6 miles west or Egingwah Bay. 
GSC Joe. 692!2 

gast ropod 
stromatoporoid 
Ca/apoecia 2 spp. 
Catenipora sp. 
Favosites sp. 
Pa/aeofavosites sp. 
Pa/aeophy llum sp. 

Age: Ordovician, Richmond . 

Local ity 22 . Nort h or Egi ngwah C reek, 2.9 miles west of Egi ngwah Bay. 
GSC loc. 692 13 

so lilary coral 
Cate11ipora sp. 

Age: Ordovician, Barneveld to Rich mond . 

STRATIG RAP HY 

Accord ing to these identifi cations, the age of the A yles Formation is Richmon
di a n. Tt is co rrelative with lower pa rt s o f the Allen Bay a nd Cape Phillips Formations 
(Th orstein sson, 1958, 1963). 

T aconite River Form a tion 
(M a p-unit 6) 

The na me Taco nite Ri ver Fo rma ti o n is here proposed for th e Upper Ordovician 
elastic sediments of th e M 'Clintock Inlet region that li e stratigraphical ly between 
two ca rbo na te units o f La te Ordovicia n age; the Ayles Formation and the Zebra 
Cl iffs Formation. The contact rela ti o nships, litho logy, thickness, and age o f the fo r
ma ti o n were esta bli shed in the vicinity of Egingwah Creek. 

Thickness 

At loca lity 23 , which is the o nl y section known where both top a nd bo ttom a re 
ex posed, a thick ness of 950 feet wa s meas ured. Thi s section , however, is poo rl y 
exposed , a nd the thickness o bta ined may be unreliable because of stnictural com
plex ities. 

Lithology 

Macroscopic. The Taconite Rive r Formation co nsists of siltsto ne, sa nd sto ne, 
conglomerate, sha le, a nd limestone, in decreasing o rd er o f ab unda nce, a nd is cha r
acteri zed by man y facies changes. Generally, the sediments become finer grai ned 
both upwards in the section a nd la terall y to the southeast. 

In the no rthern part of the a rea ma pped , conglo me rates with la rge phenoclas ts 
a re prominent ly ex posed (Fig. 5). At loca li ty 6, fo r exa mple, a thrust pl a te of co nglo m
erate abo ut 50 fee t thick contains boulders up to 2 feet in di a mete r. In the vicinity 
o f Egingwah Creek a nd farther south conglomerates a re less conspic uo us, a nd most 
of the phenoclasts a re less than 6 inches in di a meter. At local ity 23 the conglomerate 
is confined to the lower few hundred feet of the section, a nd thi s may be so eve ry
where. 
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FIGURE 5. Tacanite River Formation, lithofacies. 
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The sandstones are greyi h green and range in grain size from very fine to very 
coarse. Red beds are common on the east side of M 'C lintock l nlet, on Egingwah 
Creek, and south of it, but are rare north of that creek. Most of the sand stones are 
thin bedded to laminated , and some show casts of burrows made by sediment
feeding organisms. The siltstones are pale red , pa le red weathering ; light grey, g reeni sh 
grey weathering ; or medium light grey, olive-grey weathering. They are comm onl y 
extremel y calcareous and in part thinly la minated . Dark grey, laminated shales are 
locally associated with the siltstones, but are generally poorly ex posed. Most lime-
tones are greenish grey, and contain impurities of clay a nd si lt, but some are g rey 

a nd relatively pure. An ex tensive, nearl y pure limes tone eas t of M'Clintock Jnlet 
weather conspicuously yellow. 

Microscopic. The conglomera tes, sa nd stones, a nd sil tstones are composed ma inl y 
of carbonate, quartz, and chert , with lesse r fra ction s of feld spar, volcanic a nd 
metamorphic rock fragment , chlorite, biotite, muscovite, and o paq ue m ateri a ls. 
Their composition is variable, but lithic fragm ents predomina te in the coarse-grained 
sa ndstones and conglomerates, whereas mineral s a re the more a bundant constituents 
in the finer grained sediments. 

The composition of six sa mples of sa ndstone is li s ted in Table IV. 

Carbonate is the mo t abu ndant component. M ost carbonate clasts are either 
indiv idual , sand-sized grains of ca lcite, or cryptocrysta lline to very finel y crystalline 
limestone fragments. Dol omite crystal s and aggregates, a nd schi stose limestone or 
marb le fragments are relati vely rare. 
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Qua rtz, ranging from 1 to 53 per cent and averaging a bout 23 per cent of the 
rock vo lume, is second in abundance. It is p resent mainly in individual crysta ls, 
commonly with undulose extinction, and to lesser ex tent in aggrega tes of recrystallized 
chert and of vein qua rtz; a smaller amount of the gra in s a re composed of meta
qua rtzite. 

Chert is relatively common only in coarse-gra ined sa ndstones, in which it ranges 
up to a bout 48 per cent. Part of the chert is unmetamorphosed, whereas another 
part is stretched and schistose. The chert contains va rying amounts of argillaceous, 
ca rbonaceous, a nd ca rbonate impurities. Inclu sio n-free nodules, about 80 to 140 
microns in diameter, were recognized within the chert fragments of o ne thin sectio n ; 
these nodules may represent radiolarian remains. 

The fe ldspa r content ranges between 2 a nd 9 per cent and ave rages a bout 4 per 
cent. Plagioclase, microperthi te, a nd K-feldspar a re represented; most of the plagio
clase is albite. 

Volcanic rock fragments a re fa irly a bunda nt in the conglomera tes a nd coarse
grained sa nd stones, but are rare to absent in the fin er gra ined sediments. Most of tbe 
fragments identified were intermediate to acidic in compositio n, a nd their plagio
clase was sod ic. Some red-stained frag ments resemble iron- ri ch felsic vo lca nic rocks 
o f map-unit 2. Some chl orite may represent a ltered vo lca nic glass. 

The metamorphic rock fragment s, which range from a bout 11 per cent to trace 
a mounts in the sa ndstones, a re mainly of low metamo rphic grade a nd consist of 
mu scovite, chlorite, a nd quartz. 

Muscovite, present in relatively coa rse flakes, is conspicuo us onl y in fine- to 
ve ry fine gra ined sa ndstones, a nd in the sil ts tones. Bi otite is p resent o nl y in trace 
amounts. 

The rou ndness of the clasts increases with increasing grain size, a nd va ries from 
a ngula r in the silt grade to subrou nded in the very coa rse sa nd grade. The sorti ng 
varies inversely with grain size. Coarse-grained sa ndstones common ly a re poorly 
sorted, whereas fin e- to ve ry fi ne gra ined sand sto nes a nd siltsto nes comm only a re 
well so rted. T he type of cement present depends on the composition of the clasts: 
carbonate grains a re cemented by ca lcite; quartz and chert by quartz; a nd red beds 
to some extent, appa rentl y, by iro n oxides. Some sand sto nes have a clay matrix. 

According to Gilbert's (1954) classification, the sa ndstones are lithic arenites, 
a nd acco rding to McBride (1963) lithareni tes. 

A specimen o f relat ive ly pure, li ght grey, yell owi sh grey wea thering limestone 
from east of M'Clintock lnlet consists of brachiopod, bryozoan, and echin oderm 
skeletal fragments enclosed in a nd suppo rted by a cryptocrystalline ca lcite matrix. 

Contact R elationships 

The lower co ntact o f the Taconite Ri ver Fo rmatio n is well exposed at loca li ty 
23. There the relat ively pure carbonate rocks of the Ayles Fo rmatio n, a nd elast ic 
and ca rbonate sediments of the Taconite River Format ion a re separated by about 
4 feet of inter la minated limes tone, sha le, a nd sil tsto ne. This contact is thus conform-
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a ble a nd g radationa l ; the t ra nsitio n beds a re arbit ra ril y included in the T aco ni te 
Ri ver F o rma tio n. 

The stratigraphic p ositi on of the Zebra Cliffs F o rma tion a bove the Taconi te 
Rive r Forma ti o n is appa rent from the success io n of rock typ es in seve ra l fo lds, bu t 
the co ntact itself is ge nera ll y co ncea led . This co ntact is tenta ti ve ly co nsidered to be 
conforma ble beca use indica ti ons of a nonconformity a re lackin g. 

M ode of Origin 

Sources of elastic sediments. T he principa l so urce of the elas tic sediments of the 

T aco ni te Ri ve r Format io n was a p a rtl y meta mo rphosed, sedimenta ry a nd vo lca nic 

te rra ne compa ra ble to ma p-uni ts I a nd 2. The fo ll owing types of frag ments are char
acteri sti c o f thi s suite: 

quartz keratophyrc (map-uni t 2) 

chert, schistose cherl (map-unit 2) 

schistose limestone (map-uni t 2) 

phyllite (map-un il 2) 

quartz muscovitc-chlorite schi st (map-uni t l ) 

biot i te (map-u ni t I ?) 

muscovite, chlor i le (map-uni ts I and 2) 

quartz (map-units I and 2). 

Some c hlo riti zed, tuffaceous ma teri a l resem bles the vo lca ni c mate rial 111 the 

tuffaceo us ca lca renite of member B of the M 'Clintock Formatio n. 

Jt is in fe rred , beca use of the o uthwa rd decrease in the size grade of t he con

glo merates (Fig. 5), that the so urce a rea lay to the no rth o r n o rth west. A near source 

is indicated by the coa rse grade of the no rthernm os t co nglomerates a nd by the vari

ab le composition of the sa ndsto nes. 

Whe reas so me ca rbo na te phenoclas ts a nd med ium to coa rse sa nd gra ins may 

be terrige no us, t he ca rbo na te pa rticl es in the silt sto nes a nd very fin e gra ined , ca lca reo us 

sa nd sto nes were m o re li kely deri ved fro m marine sed iments. The bioclast ic limestones 

of t he Taconite Ri ve r Forma ti on itse lf a re a sui ta ble so urce fo r such mate ri a ls. 

En vironments of deposition. The T aco nite Ri ve r Formatio n rep resents a va ri ety 

of sha ll ow-m arine to no n-ma rine enviro nments. A t least so me limesto nes o ri gina ted 

in moderate ly sha ll ow wate r, shelf enviro nments pe rmi tt ing cora l growth. T hinl y 

la mina ted da rk to med ium li ght grey sha les a nd il ts to nes exposed in a syncline 

a bo ut a mile so uth of Egingwa h C reek a re cha racteri sti c o f the pro-delta enviro nment. 

T he red sandsto nes a nd coarse co nglo mera tes, on the o ther ha nd , may be pa rtl y of 

ftu via l o ri gin . 

Age and Correlation 

Fossil s from the T aco nite Ri ve r F o rmation were identifi ed by B. S. o rfo rd 

as foll ows: 
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Locality 24. About 4.4 miles west of Egingwah Bay 

GSC loc. 69205 
gastropod 
cephalopod 
Ca/apoecia sp. 
Ct11e11ipora sp. 

Age: Middle Ordovician to Early Silurian, probably Barneveld to Rich mond . 

STRATIGRA PHY 

The Taconite River Formation must be Richmond ian because it li es stra ti
graphica ll y between the Richmond ian Ayles a nd Zebra Cliffs Formatio ns. Therefore , 
it is co rre lative with lower parts of the Allen Bay and Cape Phillips Formations 
(Thorsteinsson, 1958). 

Zebra C liffs Format ion 
(Map-unit 7) 

The name Zebra Cliffs Formation is here proposed for a th ick success ion of 
Upper Ordovician strata consisting mainly of pure a nd impure carbonates with 
interbedded, subo rdinate a mo unts of elas tic sed iments that li e strat igraphica ll y 
between the elas ti c Taconite Ri ver and l mina Formations. The format ion is named 
afte r the Zebra Cliffs, which are diagonally banded , dark and li ght grey precipices on 
the west coast of M 'Clintock ]nlet. The co ntact relatio nships, li tho logy, a nd thi ck ness 
of the formation were establi shed in the vicinity of the Zebra C liffs. The form a tion is 
d ivided into three members, info rma ll y refe rred to as members A , B, a nd C. 

Thickness and Lithology 

Member A 

Member A is abo ut 72 feet thick near loca lity 23 and at loca lity 25 (type sect ion); 
at locality 26, it is between 72 a nd 76 feet thick. Though re lative ly thin , it is a cliff
fo rmi ng marker unit that can be read il y identified in the field a nd on a ir photo

g raphs. 

On the west side of M'Clin tock Inlet, the member consists predomi nantly of 
calca reous dolomite which is partly brecciated, and co ntains st ringers and lenses of 
chert. A typ ica l sa mpl e fr om loca li ty 25 is pa le to dark ye llowish brown on fre sh 
s urfaces a nd wea thers pale ye ll owish brown. It is composed of microc rysta lli ne to 
very fine ly crystalline do lomite with interstit ial cryptocrys talline calcite. The rock 
is c ut by vei nl ets of coarsely c rysta lli ne do lo mite, and contains small lenses of chert 
a nd a lit t le silt-sized quartz. A sparse co ra lline fau na (GSC Joe. 69203) is present t here. 

On the east side of the inl et, the member co nsists of foss iliferous, locally brecci
a ted limesto nes. Thin sections of two specimens from thi s area a re made up ma inly 
of ovoid pellets a nd /or in traclasts abo ut 0.2 to l mm in diameter, which are composed 
of clo ud y, cryptocrysta lline calcite . Skeleta l fragments of echin oderms and bryozoan s 
are assoc iated with t he pe ll e ts. The matrix of the rock va ries from finely rnicrocrys
ta lline a nd clo ud y to medium crysta lline and clear and seems to have recrystallized 
to va ri o us degrees. Lenses o f che rt a re present in o ne of the specimens. 
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Member B 

The tota l thickness of this mem ber is un k nown. An incomplete secti on at lo
ca lity 27, measured by photogrammetric methods, co mprises about 1,800 feet of 
strata. 

The member co nsists of sandy, silty, a rgillaceous, a nd pure lime tones that a re 
commo nl y la minated to thin bedded, a nd well stratified . The a lternat ion of light 
yellowish grey sets of st ra ta with medium light grey to medium grey sets gives this 
unit a characteri stic ba nded appearance. In the lower part of the member, a few tens 
of feet of red weathering sa nd sto nes a nd siltsto nes are interca lated with the carbo
nate rocks. 

The member contain a rich a nd varied fauna of cora ls, bryozoans, gastropods, 
brachiopods, cephalopods, and ostracods, with relatively few gra pto li tes. It is richer 
in foss il s than any other pre-Pennsylvan ia n unit known in the a rea . 

A typ ica l, yellowish grey to o live-grey, yellowish weathering limesto ne co ntai ns 
abo ut 10 per cent (by vo lume) of quartz, o ne per cent combined fe ld spa r and mu sco
vite, and 6 per cent broken brachiopod shell s. The quartz ra nges in grade fro m silt 
to fine sa nd. These impurities a re embedded in a mat ri x of c ryptocrysta lline calcite 
with trace a mounts of do lo mite, a nd fine ly comminuted shell fragments. 

A medium grey, medium to light grey weathering, thin-bedded calca reous 
siltsto ne contains about 79 per cent by weight of inso luble residues, mainly quartz, 
muscovite, fe ldspar, a nd clay-sized minerals; the soluble fraction consists of crypto
crysta lline ca lcite. The intraclast ic text ure shows tha t the sed iment was slightl y 
reworked by currents. 

A fine-grained, sil ty, pa le red sa ndstone fro m the lower part of the member has 
the fo ll owing approximate composit ion , establi shed by statisti ca l ana lysis of 200 
points in a thin sect io n : 

Qua rt z .. 
Feldspar .. 
Ca rbona te . 
Argillaceous, volcanic, a nd low grade metamorphic rock fragments, and possibly 

31 
22 
16 

highly a ltered fe ldspar. 16 
O paq ue materia ls.. 11 
Chlo rite, muscovite, clay mi nera ls.. .. .... ... ...... ................ ... 4 

The gra ins are subangular and moderately we ll sorted. They a re partly cemented 
by ca rbonate and iron oxide and partly embedded in a matrix of chlo ri te, rnuscovite, 
and clay. C lay matrix makes up considerabl y less than 10 per cent of the rock vo lume 
a nd , therefo re, the specimen is classified as a li thic a renite. 

M ember C 

At locality 28 thi s member is at least 1,320 feet thick . The base is bounded by a 
fault but the section may be nearly complete. Member C is simi lar to member B, but 
is darker in co lour, co ntai ns a large r proportion of a rgi ll aceous and carbo naceou s 
matter as we ll as some dolomite, a nd has a grapto li te fa una. I t co nsists of sha ly, sil ty, 
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a nd dolomitic limestones, and of calcareou s, dolomitic, a nd sil ty shales. The upper 

450 feet is more sha ly than the lower part of the unit. In addit ion to grapto li tes, which 

are fair ly common, the member contain some cephalopods and ostracods. 

Ca lcite is the most abundan t component of the rocks. In some strata it is crypto

crystalline and anhedral, and in o thers microcrystalline to finely crystalline, and 

subhedral. The microcrysta lline to finely crysta lline ca lcite includes remna nts of 
cryptocrysta lline material and seems to have fo rmed by recrystall ization. In thi s 

process, a rgillaceous a nd carbonaceous impurities have been concentrated in the 

crysta l interstices. D olomite is present o nl y in some st rata a nd forms varying, but 

mostly subord inate, a mounts in these beds. The sil t fraction consists ma inly of quartz 

with subordinate fe ldspa r, muscovite, and chlorite. In ad ditio n to minera ls, the clay 

fraction conta ins carbonaceo us m atter. Authigenic pyrite is present in some beds. 

Loca ll y, bituminous ma tter occurs in vugs. 

Contact Relationships 

The lower contact with the Taco nite River Formation has not been seen, but 

the beds are probably conformable. The upper contact with the Imina Formation 

(discussed below) is probably also conformable. 

Mode of Origin 

M ember B a nd the limesto nes of member A probably formed in sha llow-water, 

marine environments below high-tide level; the do lomitic facies of member A is of 
similar o r shallower origin . The a bsence of a benthonic fauna a nd the predominance 

of graptolites in member C suggest that thi s unit was deposited in co nsiderably deeper 
waters. The presence of a uthigenic pyrite indicates reducing conditions below the 
sediment-sea water interface, a nd the preservation of much ca rbo naceous matter 
indicates that deposition of thi s materia l exceeded its destruction by oxid ation . 
Altho ugh it does not necessa ril y follow that the sediments were la id down in a re

stricted basin , paleogeographic constructions demo nstrate that grapto liti c sha les and 
ca rbo nates co mm onl y occupied relat ively deep tro ughs. 

The study of thin sections indicates that at lea t some limesto nes a re ca lcisiltites, 

i.e. , re-deposited elastic limestones of silt grade. This is concluded because of their 

gra nular texture a nd because of the presence of sili cate clasts that are of approx imately 
the same size as the ca rbon ate gra in s. Pet rographic analysis of elast ic limesto nes of 

Ordovician a nd Silurian ages on the H azen Plateau indicates that submarine re
deposition favo urs the recrystallization of cryptocrysta lline aggregates to micro

crysta lline and coarser textures. 

Age and Correlation 

The ostracods in the fo llowing coll ectio ns were identified by M. J. Copeland, 

a nd the remaining fossil s by B. S. Norford. 
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Member A 

Loca lity 25. About 2.2 miles outh of Egingwah Bay. 
GSC Joe. 69203 

Troedssonites co11spira111s (Troedsson) 

Age: Ordovician, Richmond. 

Locality 29. About 5.3 mile east-northeast of Crash Point. 
GSC Joe. 69211 

Cate11ipora sp. 
Calapoecia sp. 
Palaeofavosites sp. 

Age: Ordovician , Richmond . 

Member B 

Locality 30. About 5.7 mile northeast of Crash Point. 
GSC Joe. 692 14 

bryozoan 
gastropod 
orthid brachiopod 
? Dip!ograptus sp. 
Bol!ia sp. 
Hallatia sp. 

Age: Ordovician, probably Wilderness to Ri chmond. 

Loca lity 31. 1.4 miles south of Egi ngwah Bay. 
GSC Joe. 692 15 

Cate11ipora sp. 
Receptaculites sp. 

Age : Ordovician, Barneveld to R ichmond . 

Locality 32. Top of Zebra Cliffs. 
GSC Joe. 69217 

bryozoa ns 
straight cephalopod 
Favosites sp. 

Age: Richmond to M idd le Devonian. 

Locality 33. 1.5 miles southeast of Egingwah Bay. 
GSC Joe. 69210 

Ca/apoecia sp. 
Catenipora sp. 

Age: Middle Ordovician to Early Silurian , probably Barneveld to Richmond. 

Locality 34. 1.3 miles so uth of Egingwah Bay; probably from member B of the Zebra Cliffs For
mation , but poss ibly from the Tacon ite River Formation . 

GSC loc. 69202 

Rhy11c/10trema sp. 
?Sibiriolites sp. 

Age: Ordovician, Barneveld to Richmond . 

Several collection were made by W. W. 
Inlet. These probably came from member 
member A may be also represented . 
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Locality 37. Cliffs on the east side of the upper part of M"Clintock Inlet, about 3.5 miles southeast 
of south tip of small island. 

GSC Joe. C- 6, elevation about 2,455 feet 
echi noderm fragment s 
undetermined trilobite 
straight cephalopods 
undetermined brachiopods 
?Li1hos11 nphit1 sp. 
Rafi11esq11i11a sp. 
Calapoecia sp. 
Catenipora 2 spp. 

Age: Ordovician, Eden to Rich mond . 

GSC Joe. C- 7, 60 feet above base of section 
echinoderm fra gment s 
undetermined trilobite 
straight cephalopod 
gastropod 
ostracod 
undetermined brachiopods (6 spp.) 
?A11s1i11el/a sp. 
? Hesperonhis sp. 
Rafinesq11i11a sp. 
bryozoan 
sol itary coral 
Calapoecia sp. 
Calenipora sp. 

Age: Ordovician, Eden to Richmond. 

GSC Joe. C- 8, 690 feet above base of section 
clar:1 
bryozoan 
so litary coral 
undetermined brachiopods (2 spp.) 
Rostrice/lula sp. 

Age: probably Ordovician, Wilderness to Richmond. 

GSC Joe. C- 9, 840 feet above base of section 
clam 
bryozoan 
? straight cephalopod 
Rostricel/ula sp. 

Age: probably Ordovician , Wilderness to Richmond. 

GSC loc. C- 10, 1,090 feet above base of sect ion 
onracod 
brachiopod fragment 
?Sibiriolites sp. 

Age: probably Ordovician, Eden to Richmond. 

Dr. orford comments that collections C-8 and C-9 seem to be from the same 
assemblage and possibly from the sa me set of bed s. Thi s is consistent with the obser
vation that at the head of M 'Clintock Inlet the Zebra C li ffs Formation is imbricately 
thrust fau lted . 
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The fo ll owing foss il s collected by R. L. Christi e (1964, p. 22) and identified by 
G. W. Sinclair a lmost ce rtainly came from member B of the Zebra Cliffs Formation. 

GSC loc. 24721 

Plas111opora la111bei Sch uchert 
Co/1111111aria n. sp. aff. C. !ta/ysitoides T roedsson 
Palaeo(avosites sp. 
Calapoecia canade11sis .Billings 
H alysites sp. aff. H. feilde11i Et heridge 
Syringopora n. sp. 
Batostoma n. sp. 
R !tinidictya sp. 
Cyclo~pira cf. C. vokesi R oy 
H ormotoma gracilis (Hal l) 
Lop!tospira spp. 
Umbospira sp. 
H olopea sp. 
trilobite fragments 
L eperditia sp. 
Aparc!tites sp. 
Krause/la sp. 
Co11chopri111ites sp. 
scolecodonts 

Age : Ordovician, Richmond . 

Graptolites from member C were identified by B. S. Norford and R . Thorsteinsson 
as follows: 

Locality 28. About 3.3 mi les south-southeast of Egingwah Bay, and 0.5 mile west of M'Clin tock 
Inlet ; from the upper part of the member. 

GSC loc. C- 59 
Climacograptus /a/us E lles a nd Wood 

Age : Late Ordov ician (Ashgill) 

L ocal ity 35. 2.4 mi les south of Egingwah Bay, 1.6 miles west of M'Clintock Inlet; probably from the 
lower part of the member. 

GSC loc. C- 61 
Climacograpl11s lat11s E lles and Wood 
Ort!tograptus spp. 

Age : Middle Ordovician to Late Ordovician, probably Late Ordovician (Ashgill) 

Loca li ty 36. East side of creek, a bout 1.9 miles southeast of Egingwah .Bay, 2.6 miles west of 
M'Clintock Inlet. 

GSC Joe. C-60 
Climacograpt11s !atus E lles and Wood 
Ort/10grapt11s sp. 

Age : Middle Ordovician to Late Ordovician, probably Lale Ordovician (Ashgill), possibly same 
fauna as that from locality 7-11 . 

These identification s indicate that the Zebra Cliffs Formation is Ricbmond ian. 
The forma tion is co rrelative with lower parts of the Cape Phillips and Allen Bay 
Formations (Tho rstein sson, 1958). 
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Late Ordovician (?) and Silurian 
Imina Formation 

(Map-unit 8) 

STRATIGRAPHY 

The na me Jmina Group was given by Christie ( 1957, p . 16) to a uniform sequence 
of fine- to medium-gra ined, compositiona ll y immature sa nd stones (termed by him 
subgreywacke, greywacke, a nd argillaceous greywacke) exposed on the north coast 
of western E ll esmere Isla nd , between Phi llip s Inl et a nd Cape Bo urne, whose thickness, 
age, a nd contact relatio nships were unknown . Subsequent studies by the writer showed 
that the lmina is main ly of Ll a ndoverian age (Trettin , 1964, 1969) a ltho ugh it may 
extend into the La te Ordovician and Ear ly Wenlockian. The unit has been redefi ned 
as a fo rmation (Trettin , 1969) as stratigraphic subdivision seems impossib le. The beds 
on the west side of M 'Clintock Jn let lyi ng stratigra phically between the Zebra Cl iffs 
Formation a nd a Middle Pennsylva nia n conglomerate (map-un it lOA) are assigned 
to the Imina F ormation beca use of their age and li thology. 

Thickness and Lithology 

At loca li ty 38 (Fig. 15) the formation is abo ut 760 feet thick, which is a minimum 
fig ure, because the unit there is truncated by a n uncon fo rmi ty. It consists mainly of 
calcareous sa nd stone with lesser a mounts of ca lcareous siltsto ne, limy sha le, shal y 
limestone, a nd pebble-co nglo merate. The sandstones a nd sil tstones a re co loured in 
shades of yellowish g rey, li ght olive-grey, o r g reeni sh g rey, a nd wea ther predominant ly 
yellowish g rey. Individ ual ledges of sa ndstones a re exposed a long the strike for a few 
hundred feet a nd a re probably more extensive . These ledges, which are separated by 
poorl y exposed sha ly and calcareous in terva ls, represent typical turbidite sequences 
as described by Bo uma ( 1962) a nd W a lker (1967). 

The standard sequence acco rding to Bouma is: 
e) pelitic interval 
d) upper interva l of para ll el lami nation 
c) interva l of current ri pple lam ination 
b) lower interva l of para ll el lamination 
a) graded interva l. 

Walker demonstrated that the lowest interva l (a) or the two lowest interval s 
(a a nd b) may be mi ss ing in indi vidua l seq uences, and that this defect is more common 
in tu rbid ites which have travell ed a Jong d ista nce (distal turbidites) than in those which 
a re close to their o ri gin (proxi ma l turbidites). 

At M'Clin tock Jnlet in te rva l (a) is well represented . In the strata examined it 
ranged in thickness from an inch to about 15 inches, whe reas the other interval s were 
o nl y up to a few inches thick . The graded interva l ra nged in grain size fro m coarse to 
fine, med ium-grai ned sa nd be ing most ab unda nt. The intervals showing parallel 
lamination, sma ll -sca le cross-stratification , and convol ute lamination were fi ne- to 
very fine gra ined sa ndstone o r coa rse si ltstone. Sole markings, such as grooves, ridges, 
a nd flute casts, a re present at the base of so me graded in terva ls, a nd some beds in 
t he lower part of the section have a bunda nt casts of bur rows formed by sed iment
feeding o rganisms. The pel itic interva l is mainly represe nted by dark grey sha ly 
limestone or ca lca reous sha le. 
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The compositi on of seven characteri st ic specimens of sa ndstone is given in 
Table Y. The main components of these sa nd stones a re ca rbonate and quartz, with 
lesser fractions of fe ld spar, chert, vo lca nic rock fragments, mica, chl orite, and quartz
mu scovite-chlorite schi st. 

The co ntent of ca rbon ate fragm ent ra nges from 30 to 87 per cent and ave rages 
48 per cent. The mode is 44 per cent. Severa l type of ca rbonate materi al can be 
distinguished , for example: 

l. individual, sa nd-sized crysta ls of ca lcite, some with inclusions of crypto
crysta lline ca lcite aggrega tes 

2. cryptocrys ta lline and microcrysta lline, partly recrysta lli zed limestone 
fragments 

3. a small a mount of skeleta l debri s, including ech inoderm columnals (Pl. 11- 6) 
and ostracod shell s 

4. a sma ll proporti on of microcrys talline dolomite. 

The quartz co ntent ranges from 9 to 52 per cent a nd averages 33 per cent. The minera l 
is pre ent as single crysta ls; semi-composite aggregates probably derived from veins 
and recrysta lli zed chert ; and in composite aggrega tes representing metaquartzite. 
Some quartzite grain s co ntain sma ll proportion of mu scovite; undulose ex tinction 
is comm on (Pl. J- 6). Feld spar ranges from J to 13 per cent, ave raging 7 per cent. 
Sodic plagioclase, microcline, and microperthite a re the most common types (Pl. U-
1, 2, 3, 4) . M ost sa mples conta in less than 4 per cent of vo lca nic rock fragments, but 
one has 21 per cent. The fragment s a re mainly intermediate in co mposition and have 
sodic plagioclase. 

The gra in size of the sa nd stones varies from very fin e to very coarse, fin e- and 
medium-gra ined sed iments perhaps being most co mm on. The roundness of the sa nd
sized particles va ries from predo minantly subangu la r to subrounded. 

The sa nd and coa rse silt gra ins a re embedded in a matrix com posed of both 
ca rbona te and a rgillaceo us materia ls. Quartz grains touching one another are 
cemented by silica. The rocks may be classified as ca lcareous greywackes but do not 
fit well into sta ndard class ifica ti ons of sa ndstone (e.g., Gilbert, 1954). 

A conglomerate near the ba e of the formation co nsists mainly of limestone 
pebbles up to about 15 mm in diameter with lesse r amounts of chert pebbles, crinoid 
fragments , a nd sa nd-sized quartz and feldspar in a mat ri x of det rita l and precipitated 
ca lcite. The rock types represented by the fragments include microcrysta lline pe lleta l 
and cherty limestone, and cryptocrysta lline fossiliferou s limes tone. Some qua rtz 
grains are ro unded to we ll rounded , and others euhedral , probably owing to authigenic 
growth. 

Contact Relationships 

The lower contact of the Tmina Formation with the Zebra Cliffs Formation is 
structura ll y concordant and rather a brupt, there being little sa nd-sized mate ria l in 
the upper pa rt of the Zebra Cliffs Formatio n. It is considered as co nformable because 
both the underlying and the overl ying sediments a re of deep-wate r o rigin . 

The upper contact of the Tmina Formation with map-unit JOA is an angular 
unco nformity. 
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Mode of Origin 

The non-carbonate detritus in the Jmina Formation can be ass igned to two major 
gro ups of source rocks, as fo ll ows: 

I . from meta morphic rocks compa ra ble to map-unit I : fragments of phyllite, 
mu scovite, qua rtzi te, a nd probably so me qua rtz and chl o rite 

2. from cherty a nd vo lca nic strata comparable to pa rts of ma p-unit 2 : chert, 
vo lcan ic rock fragments, m ost fe ld par, a nd probably ome chl orite a nd 
quartz. 

T he carbona te frag ments, o n the o ther ha nd , seem to have o ri gina ted on adjacent 
shelves. Th is is inferred from the presence of ske leta l materia l which is a bsent from 
map-units l and 2. 

The repetitive graded bedding suggests that the strata were m a inly deposited by 
turb idi ty currentsl in rela tively deep water. A deep-water origin is confirmed by the 
presence of g rapto li tes a nd the absence of bentho nic fau na . 

Age and Correlation 

The basal bed s of the Jmi na F o rmation , which confo rmably overlie late Rich
mondia n beds of the Zebra C liffs Formatio n, a re of late Richmondian or ea rl y 
Lla ndoveri an age. 

Graptolites, co ll ected a few hundred feet above the base of the formation were 
identi fied by B. S. Norford a nd R. Th orste insson as follows. 

Locali ty 38. About 3.5 miles so uthe:ist o f Egingwah Bay, 0.6 mi le west of M'Cli ntock Inlet. 

GSC Joe. C-68 
Mo11og mp111s aff. M . priodon (Bron n) 

Age: Silurian , late Lla ndovery to Wenlock 

The upper age limi t of the fo rma tion ca nn ot be determined preci se ly i n the 
M'Clin tock a rea, but has been determined in northweste rn Ell esmere Island (Trett in , 
1969) as la te Lla ndove ri a n o r ea rl y Wenl ockia n. 

Silurian 

Map-unit 9 

Map-unit 9 compri ses sediments of Wenlockia n a nd /or Ludlovia n age, ex posed 
in a sma ll area on the east side of M 'C lintock Inlet. It is di vided into three sub-unit s, 
a lower a nd a n upper elasti c uni t referred to as ma p-units 9A a nd 9C, a nd a middle 
ca rbo nate unit referred to as ma p-unit 9B or the M a rvin Formati on. 

Map-unit 9A 

M a p-unit 9A ha not been studied in detail because it is poo rl y ex posed a nd 
difficult of access. The lower pa rt consists of severa l hundred feet of greenish weather
i ng siltstone a nd shale. These recess ive strata a re overlain by perha ps 300 o r 400 feet 

IThe term turbidity current is here used fo r currents movi ng in consequence of the load they are 
carry ing witho ut reference to hydrodynam ic mechanisms (Kuenen in Midd leton, 1965, p. 2 17). 
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of greeni sh wea thering sa ndsto ne with lesser amou nts of interlamina ted siltstone a nd 
shale. Ripple-marks are commo n, a nd relati ve ly la rge echinoderm columna ls are 
present locally. 

The base of the unit is not exposed. It is conformab ly ove rlain by the M arvin 
Formatio n, and since the M arvin Formation is late Wenl ockia n a nd / o r ea rly Lud
lovian , m ap-unit 9A must be of that age or older. 

Map-unit 9A, similar in some respects, is distingui shed from the Imina Formation 
by its greeni sh colour where weathered a nd by its la rge r content of ch lo rite. The 
lmina Format ion is ma inly Lla ndoverian , so the poss ible age ra nge of ma p-unit 9A 
is la te Lla nd overian to early Ludl ovia n. 

The silty a nd sha ly lower part is comparable, a nd perhaps co rrelat ive, wi th 
silty a nd argillaceous rocks of Wenlockia n to ea rl y Ludl ovian age in northern Axel 
H eiberg a nd no rthweste rn E ll esmere i slands designated as unit 2, Axel H eiberg I sla nd , 
a nd uni t 6, no rthweste rn Ellesmere Jsland (Trettin, 1964), o r as member A of the 
Lands Lokk Formation (Trettin , 1969). 

Ma rvin Formation 

(Map-unit 9B) 

The name Marvin Fo rmation , derived fr om Marvin Pen insula , is proposed for 
the carbonate rocks of Ludlovian a nd (?) late Wenl ockian age east of Crash Point, 
M 'Clintock Inlet, that a re ove rl a in and underl a in by the elast ic sed iments referred to 
as ma p-units 9A and 9C. 

Ross G. Marvin , a professor at the Columbia Coll ege of C ivil Engineering, 
assisted Pea ry on hi s last two Pola r exped iti ons. H e was in charge of meteorological 
a nd tida l observations a nd helped to establish, by depth so undings, the existence of a 
continental shelf off the coast of Grant La nd. Ma rvin drowned on April 10, 1909, 45 
miles north of Cape Columbia, while returning from 86°38'N lat itude in command of 
o ne of Pea ry 's supporting parties. Severa l geographic features have been named in hi s 
honour: a subma rine ridge in the Arctic Ocean , two sma ll islands in Di sraeli Fiord, 
a nd the peninsula between M 'Clintock lnl et and Di sraeli Fiord discussed here. 

The type sect ion is at locality 39, about J .2 mi les no rtheast of Crash Point. In the 
follow ing descript io n of the for ma ti on, however, data from this sectio n ha ve been 
supplemented by observations from ot her localit ies in the re la ti vely small outcrop 
area east of Crash Point . 

Thickness and Lithology 

At loca lity 39 the formation cons ists o f abo ut 600 feet of foss iliferous, crypto
crysta lline to microcrysta lline limesto ne, with lesser amounts of sa nd y limestone and 
limy sa ndstone. Three informa l sub-uni ts are recogni zed . 

Interval 0- 224 feet. Thi s in te rval co nsists of med ium light grey, li ght g rey to 
ye llowi sh grey weat heri ng, sparsely foss ilifero us limestone. On air photograph s a nd 
i n the fie ld , thi s sub-unit can readil y be recogn ized by its relative ly light colou r a nd 
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steep profile. The fossils a re suppo rted by a microcrysta lline to cryptocrystalline 
carbonate matrix. Pellets, abo ut 40 to 120 microns in diameter, were noted in a thin 
section. The rocks are cut by numerous calcite veinlets. 

In terval 224- 436 feet. This interva l is characterized by a lternations of nearly pure, 
resi tant limestone, with slightly impure, more reces ive limestone. The unit is well 
stratified and com monly very thin bedded . The limestone is pale yellowish brown to 
pale brown and weathers pale brown . Jt is rich in skeleta l fragments, which a re 
commonly supported by a matrix ranging in g rain size from coarse ly rnicrocrysta lline 
to cryptocrystall ine. The most abundant fossil is a large species of Kirkidium, but other 
smal ler brachiopods, cora ls, bryozoa ns, and stromatoporoids are present as well as 
pe ll ets of faeca l or a lga l origin. Locally, stromatoporoids in growth position fo rm 
len ses about a foot thi ck that ex tend several feet or m ore a long the bedding. 

In terval 436- 600 feet. About two thirds of thi s sub-uni t cons ists of pale brown , 
microcrystalline to cryptoc rysta lline, fossi li ferous limestone, similar to the limestone 
of the underlying interva l. These stra ta are thin to very thin bedded and some weather 
in nodula r fashion. 

T he rest of the interval is composed of ca lcareous, fossiliferous sa ndstone and 
sa ndy limesto ne. Jn addition to the brachiopods, corals, bryozoans, and echinoderms 
that are present a lso in the other sub-units, thi s interval conta ins oncolites, up to 22 
mm in d iameter (Fig. 6). These spheroids common ly have a co re of skeletal material , 
for example a crinoid co lumnal or bryozoa n fragment, which is surrounded by 
concentric, partly eroded, undulating laminae. The spheroid are embedded in a 
matrix of carbonate, qua rtz, and muscovite . The sa ndstones are similar to those of 
map-unit 9C, and will be discussed with them . 

FIGURE 6. Oncolites in matrix of very fine grained, hig hly calcareous sandstone of the Marvin forma tion. The 
oncolites consist of irregular, wavy carbonate encrusta tions of algal origin on skeletal fragments 
derived from echinoderms, corals, and stromatoporoids. length of specimen 11.3 cm, diameter of 
longest onco lite 2.4 cm. 
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Contact Relationships 

The lower contact of the formation is abrupt but conformable. The upper contact 
is conformable a nd grada ti ona l, a nd the upper boundary is a rbitra ril y placed where 
sa ndstone becomes more abunda nt than limestone. 

Mode of Origin 

The a bsence of dolomite a nd the presence of a rich a nd va ri ed fauna suggest that 
the M a rvin Formation was deposited in a ma rine shelf environment probably below 
the intertidal zone. Lack of strong currents or waves capable of winnowing is in
dicated by the ubiquitous carbonate mud matrix. This conclusion is supported also by 
the presence of exclusively tabular stromatoporoids. These, acco rding to Klovan 
(1964), occur in turbulent as well as quiet waters, but are more common in the latter 
environment. Some movement of the water, however, is indica ted by the oncolites. 
Although oncolites may be of both organic and inorga nic origin, the present types are 
suggestive of an algal origin (see Dunham, 1965). These spheroids, which must have 
rolled around on the sea-floor, may occur a t any depth of water down to the shelf 
edge (McMaster and Conover, 1966). 

Age and Correlation 

Fossil collections from the Marvin Formation were identified by B. S. Norford 
as follows: 

L ocality 40 (Fig. J 5). From the basa l beds 1.2 miles northeast of Crash Poi nt. 
GSC Joe. 7542 1 

echinoderm fragments 
undetermined trilobite 
rhyrn::honellid a nd undetermined brachiopods 
?Atrype//a sr. 
?Kirkidium sp. 
?H owellella sp. 

L ocality 40. From interval 224 to 436 feet. 
GSC Joe. 75422 

Kirkidium sp. 

Locality 41. From interval 436 to 600 feet a bout 0.3 mile east of M'Cl intock Jnlel. 
GSC loc. 69208 

fossil debris, including ecbi noderms, gastropods, and bryozoans 
so litary coral 
Kirk idi11111 sp. 
Cystihalysites sp. 
Halysites sp. 
Fossopora sp. 
Syri11gupora sp. 
?Tryp/asma sp. 

Norford sta tes in his report that these collections probably belong to the Atrypella 
fauna, which is both ea rly Ludlovian and late Wenlockian, and is widespread in the 
Arctic regions (see Thorsteinsson, 1958, p. 74). 
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The M arv in Formation is similar to, and probab ly correlative with, a limesto ne 
southwest of Clements Markham I nlet, from which R. L Christie (1964, p. 28) 
collected the index fossil A trype//a phoca a nd the writer collected Kirkidium sp. and 
other forms. 

Tt is interesting to note that limesto ne lenses a lso occur in vo lcan ic rocks of 
probable early Ludlovian age, on Emma Fiord, northwestern Ellesmere I sland 
(Trettin , 1964, p . 14; 1969, p. 40). 

On air photographs, limestones on the east side or the upper part of M'Clintock 
Inlet appeared simi lar to those of interva l 0- 224 feet of the Marvin Formation , 
a lthough in the field they could not be di stinguished from ove rl ying thrust sheets of 
the Zebra Cliffs Forma tion (see Fig. 7). Fossils collected from these rocks were 
identified by B. S. orford as follows: 

L ocality 42. About 1.7 miles southeast of the south tip of the small island that marks the entrance 
to the upper part of M 'C lintock Inlet. 

GSC Joe. C- 69 

ostracods 
gastropod 
orth ic brachiopod 
fragments of trilobites and bryozoans 
? Receptac11/i1es sp. 
heliolit id coral 
?Cystihalysites sp. 

Age: probably Silurian 

FIGURE 7 

Oblique aerial view af cliffs an the 
west side af the upper part af 
M'Clintack Inlet, eastward. Metamor
phic racks (1) are overlain by Orda· 
vician and (?) Silurian ca rbona tes 
{OS), in turn overlain by Middle 
Pennsylvanian strata (10). Silurian (?) 
fossils suggestive of the Marvin For
mation were found at lacality 42, and 
Richmandian fossils suggestive of the 
Zebra Cliffs Formation at locality 37. 
A single major thrust fault is shown, 
but others must be present. ( RCAF 
T404L-20) 
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The possibility that these strata a re Ordovician can not be ru led out because 
Receptacufites is fairly common in the Zebra Cliffs Formation a nd was co llected from 
it in the sa me genera l a rea. If, however, these strata are not Ordovician but definitely 
Silurian, they a re most likely of Ludlovian age a nd correlat ive with the Marvin 
Formation , because, as far as known , the Lower a nd Middle Silurian rocks of northern 
E llesmere Island a re elas tic. 

Map-unit 9C 

Thickness and Lithology 

A complete section of this map-unit, which is bounded at the top by the pre ent 
land surface, is not preserved. At locality 39 the minimum thickness of the unit is 
273 feet. Jt consists ma inly of pale o li ve or ye llowish grey, fine-grained, la minated 
lithi c arenite. Jnterbedded with thi s sa ndstone are several ledge-forming limestone 
beds. The limestones are partly pure and partly impure, a nd some contain fossil s 
that are supported by a microcrystalline to cryptocrystall ine matrix. 

The stratigraphic secti on at loca lity 39 follows . 

Unit Description 

Top of sectio n: erosion surface 

7 Lithic arenite, pale olive, pale olive to yellowish grey weat her ing. 
laminated , mostly fine grained; minor gran ule-conglomerate 

6 Limestone. pa le yell owish brown, pale brown weathering, poorly 
stratified, laminated , cr ino idal , foss ils are supported by mi
crocrysta lline to cryptocrys talline matr ix; e las tic impurities; 
ledg.!-forming unit .. 

5 Lithic areni te, pale o live, o live-11; rey weat her ing, mostly fine 
grained, laminated , with conica l to hemispherical dep res
sions up to about l cm in diameter .. 

4 Limestone, light to medium grey, microcrysia Jline to cryptocrys-
talline ; lower part th in bedded, upper part unbedded .. 

3 Lithic a renite, yellowish grey, yellowish grey wea thering, mostly 
fine grained. lam inated .. 

2 Si ltsto ne, light olive-grey, light o live-grey to ye ll owish grey 
wea thering, rich in microcrys talline ca lcite, with minor 
dolomite ; pelleta l; laminated; grading downward to li me
sto ne, cryptocrystall ine, with wo rm bo rings (?), skeletal 
matter, and elas ti c impurities; beds J- 2 feet thick ; ledge
forming unit .. 

Lithic arenite, as in unit 3 ... 

Under lying beds: Marvin Format ion 

Th ick ness Height above 
(feet) base (feet) 

80 

6 

11 6 

7 

J 7 

3 
44 

273 

193 

187 

71 

64 

47 
44 

The composition of each of four typ ical sa nd stone specimens is li sted in Table 
VI. The quartz occurs part ly as ind ivid ual crystals and partly as fused, metamorphic 
aggregates (Pl. 1- 3). Some grains have inclusions of muscovite a nd ch lorite. The 
feldspars identified we re K-feldspar including microcline, and sodic plagioclase. A 
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large proportion of the grains are untwinned. Muscovite and chlorite a re the most 

abundant phyllosilicates; biotite is less common (Pl. 1- 7). Thee minerals occur as 

ind ividual crystals, in fragments of phyllite, or together with quartz in fragments of 

sch ist. The carbonate is part ly calcite a nd partly dolomite. lt occurs mainly as crypto

crysta lline to microcrystalline aggregates, or as individua l, sa nd-sized crystals. 

Most grains a re angular to subangular. The sorti ng varies from good to poor and 

is mostly intermediate. The cement consists of quartz and ca lcite. 

Mode of Origin 

The presence of crinoid ossicles and pellets suggests that the limestones were 

deposited in a relatively sha ll ow shelf environ ment, and a simi lar environment is 

probable for the associated sa ndstones. The carbonate in the sandsto nes is probably 

of contemporaneous marine rather than of terrigenous origi n. The main sources of 

the elastic sediments were low grade metamorphic rocks comparable to the Cape 

Columbia Complex . 

Because of the poor rounding and compositional immaturity of the elastic 

material s, it is concl uded that they a re first-cycle sediments that were rapidly buried. 

Age and Correlation 

Diagnostic fo ssil s have not been fou nd in map-unit 9C. Beca use of its strati

graphic position immediately above the Marvin Formation , it is concluded that map

unit 9C is probably of Ludlovian age. The unit is comparable in lithology to a nd 
perhaps correlative with a Ludlovian sa ndsto ne- siltstone unit on Emma Fiord , 

northwestern Ellesmere Island (unit 7 of Trettin , 1964 ; or member C , Lands Lokk 

Formation, Trettin , 1969). 

Pennsylvanian and Permian 

Map-unit 10 

On the coa sts ofM 'Clintock Inlet the Siluria n and older rocks a re unconforma bly 

overlain by a succession of elastic sediments including red beds a nd ca rbonates, with 

minor amounts of evaporites in the upper part. Thi s sequence was investigated in an 

area of a few square miles east of Crash Point. Four informal di visio ns referred to as 

ma p-units IOA to JOD were di stinguished. 

Lithology and Thickness of Sub-units 
Map-unit JOA 

At locality 43 about 1.6 miles northeast of Cras h Point sub-unit lOA is about 

750 feet thick . This section is bounded at the base by a fault , but may be nearly 

complete because a n apparently complete section on the west coast of M'Clintock 
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Inlet is of co mpa ra ble thickness. The uni t has the following compositi o n based o n a 
vis ua l es timate at thi s loca lity : 

Sandsto ne w ith minor siltstone ....... ....... . . . 
Conglomcra te .. 
Shaly limestone and calca reous shale .. 
Limestone and dolom ite . 

65 
25 

5 
5 

Mo t sa ndsto nes a nd conglomera tes wea ther pale o li ve. Jndiv id ua l ledges of 
sand stone and conglo merate interbedded with m ore recessive rock types can be 
traced latera ll y at least fo r a few th o usa nd feet, but within th ese ledges facies cha nges 
from sa nd stone to conglomerate occur over sho rt di stances. Some conglomera tes 
extend laterally for a few hundred feet a nd a re a few feet thick ; others a re a few feet 
in str ike- length a nd a few inches thick . and these a re genera ll y lenticul a r. The sa nd
stones and co nglomerates are commonly cross-strat ifi ed, a nd the followi ng type of 
current- a nd wave-made primary structures were observed: 

- planar foresets , one foot or a few feet thick ; 

- la rge scoop-sha ped tro ughs, up to about 30 feet lo ng, with max imum dips 
up to 30 degrees on the blunt, upstream end ; 

- small scoops, a few inches to about 2 feet long ; 

-series of homocl ines with rounded shoulders, that step do wn in the directio n 

of current fl ow ; 

- ripple-marks ; 

- pa ra ll el a lignment of pl a nt stem s. 

M ost phenoclasts a re pebble-s ized and ran ge up to about 3 inches in diameter, 
but so me a re cobble- o r boulder-sized a nd range up to 1 t feet in diameter. The 
co ngl omerates have a sa nd y mat ri x. The sa ndstones, described below in more detail , 
a re cla sifi ed as li th ic a nd vo lca nic a renites. The sha ly limestones a nd ca lcareous 
shales a re da rk grey, la min ated to thin bedded , and fi ss il e. They a re re la tive ly ri ch in 
o rganic matter, which con sists mainl y of fine ly comminuted ca rbonaceous ma tter 
with so me stem s and relati vely few leaves. 

Two types of rela tivel y pure carbo nate rocks we re di stinguished : limes tones 
composed of hemispherica l to elli pso ida l stromato li tes (doma l stromato lites acco rdin g 
to Aitken, 1967) one to several inches in diameter ; a nd ye ll owish brown weat hering, 
ve ry th in bedded to thin-bedded , ca lcareous dolo mi tes a nd iimesto nes. 

Map-unit JOB 

At loca li ty 44 abo ut 3.2 miles east of Cras h Point this subdivisio n is a bout l , 100 
feet thi ck, a nd is composed mainl y of impure limesto ne a nd related ca lcareo us shales 
a nd mudstones, so me of wh ich a re rich in carbonaceous matter. The o rga nic content 
of eq uiva lent stra ta we t of M 'Clintock Jnlet appea rs to be lower. Present in sma ll er 
a mou nts a re fine-gra ined , quartz-rich , la minated sa ndstones, some weathering red . 
Medium- to very coa rse gra ined lithic a renites a nd pebble-conglo merates occur in 
the upper part of the sub-unit. 
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A summa ry of the sectio n at loca li ty 44 fo ll ows. 

Unit Descr ipt ion 
Th ickness 

(feet) 

Overlyi ng strata: ledge- fo rming, green and red weath
er ing sandstone and conglomerate of unit J OC 

4 lm pure limestone, concretio narv li my hale; at base of un it three 
ledge-forming sandstones; a pebble-conglomerate about 24 
feet above base .. 

3 Impure limestone, concrctionary limy sha le ... 
2 I mpure limestone, concrel ionary limy shale, red mudstone .. 
I R ed si lts tone a nd sandsto ne; sandstone very fi ne lo med ium

gra ined, laminated lo thi nly laminated .. 

U nderlying stra ta: sa ndstone of uni t lOA 

Map-unit JOC 

STRATIG RAPHY 

Height above 
base (feet) 

164 
236 
584 

128 

l, 112 
948 
7 12 

128 

A co mplete section of this sub-uni t is no t ex posed in the a rea exa mined . In a 
fa ul t bl ock abou t 1.3 m iles no rtheast of C rash Poin t it has a minimum thickness of 
a bo ut 550 feet. Abo ut two-thirds of the sub-unit there consists of red-brown weather
ing, m o tl y fi ne- to ve ry fin e g ra ined la minated sand sto ne a nd mino r siltstone a nd 
mudsto ne. N earl y o ne- third is co mposed of medium- to coarse-grained sandstone 
a nd fi ne pebble-co nglomera te; the wea thering colour of thi s fract ion is main ly greeni sh 
g rey a nd to a lesser ex tent redd ish brown . The rest is made up of la mina ted ca lca reo us 
sil tsto ne a nd light grey mud sto ne. Both straight a nd linguoid ripp le-ma rks a re 
co mmo n. 

Map-unit JOD 

A com plete, u ndisturbed section of t hi s sub- uni t is not ex posed in the a rea 
in vest iga ted. A lower pa rt, exposed o n a ridge abou t half a m il e northeast of Crash 
Point, comprises abo ut 1,000 feet of st rata. T he overlying part a ppears to re present 
a nother th ousa nd feet o r mo re of beds, but may be repetitio n by fa ul ting of lower bed s. 

T he m ost a bu nda nt rock is sa ndsto ne; limesto ne, sil tsto ne, sha le, a nd gypsu m 
a nd a nh yd rite a re Jess comm o n. 

The sa ndstones a re pale red, pa le grey, pale b rown, or o li ve-grey, a nd most of 
them a re ve ry fi ne to fi ne-gra ined, but va ry to very coa rse grai ned. They are commonl y 
lam inated, a nd some strata show r ipple-ma rks and sma ll scoop-shaped tro ughs. 
T he beds a re a few hundred feet or more in strike-le ngth . Associated with the sa nd
stones are smal ler amounts of siltstone displaying similar colours a nd bedding 
characte ri stics. 

T he limestones a re da rk grey, th in bedded, a nd conta in varyi ng a mo unts of clay, 
sil t, o r sa nd. An eva pori te so luti on-breccia, a bo ut 24 feet t hick, is composed mai nl y of 
lime to ne fragmen ts, with Jes do lo mi te, a nd mino r chert. The fragments a re up to a 
foot lo ng, a ngula r o r round , a nd unso rted . 
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The gypsum a nd a nh ydrite occur in units a few feet to abo ut JO feet thick. and 
are loca ll y ex tremely contorted. 

M icroscopic Petrography 

Sandstones and conglomerates. These two rock types are composed of both 
lithic clas ts a nd minera ls; the former predominate in the conglomerates and coarse
grai ned sandstones, a nd the latter in the fine- a nd ve ry fine grai ned sa ndstones 
(Table Vll). The lithic clasts were derived ma inly from vo lca nic rocks, carbo nates, 
meta mo rphic rocks, a nd chert in decreasing o rder of importa nce. Two types of vo l
canic fragments may be distinguished : intermed iate to fe lsic fra gments commonly 
with sod ic plagioclase (qua rtz keratophyres); a nd fragments of unce rta in composition 
a ltered to ch lori te. A considerable a mo un t of the vo lcanic material , particularly of the 
second type, may be pyroclastic. M ost ca rbo nate clasts a re microcrys ta lline to crypto
crystalline limes tone o r pelletal limesto ne, some are dolomitic limestone, a nd others 
ind ividua l ca lcite crystal s. The metamorphic fragme nts are mainly phylli te, qua rtz
muscovite schist, and phyllitic shale. Some chert is schi stose. Grains of chert with 
ellipsoida l nodules of possible radio la ri a n o ri gin are common. 

The predominant elasti c minera l is quartz ; chl o rite, muscovite, and fe ldspar are 
present in lesser amo unts, and tourmaline a nd zirco n in trace a mo unts.! Sodic plagio
clase is the most comm o n feldspar. The chl orite occurs partly in rounded, micro
crysta lline aggregates tha t optica ll y resem ble glauco nite. X-ray analyses of two 
specimens by R . . D elabio, however, indicate that these agg regates are composed 
of cha mosite, a septechlo rite. 

Most fragments a re suba ngular to subrounded , but some q uartz grain are 
rou nded or possess a n o riginal ro unded o utline beneath a sili ceo us ove rgrowth . 

The so rting is variab le: very fine gra ined, lami nated sa ndstones common ly being 
well so rted; and coarse-gra ined, pebbly sa ndstones being poorly so rted. 

M atrix and cement vary wit h the compositi on of the rocks. Sediments rich in 
qua rtz a re partly cemented by quartz, those rich in carbonate clasts by calcite, a nd 
red beds appa rentl y in part by i ron ox ides. Tn addition , the sa nd sto nes contain va ri able 
a mo unts of clay matrix which, however, rarely exceeds 10 per cent. Jn sandstone 
rich in vo lca nic mate rial the clay matrix can not be distinguished from the margins of 
alte red ch loritic fragments. 

Impure limestone and calcareous shale. The so lubl e fracti o n consists of micro
crysta lline and cryptocrysta lline ca lcite, and the inso luble part consists mainly of 
clay-sized materia l wit h a small amount of silt. The clay-sized fraction includes both 
minerals a nd carbonaceous matter. A pecimen from unit 1 OA had l 8 per cent by 
weight of insoluble residue, a nd two specimens from unit JOB contai ned 21 and 89 
per cent respectively. 

Carbonates. Stromatolitic elli psoids in map-unit lOA a re composed of undulat
ing laminae of cryptocrysta lli ne ca lcite with vary ing proportion s of clay a nd as o-

J Minera ls, incl uding tourmaline and zircon, were ident i fied in thi n sections; no heavy mineral separa
tions have been made. 
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c iated carbonaceous matter. Layers relatively rich in t hese impurities a re da rk yellow
ish brown, whereas relatively pure lam inae are a greyish ora nge. Micro copic exa mi
nation revea ls that the undul at ions represent complex combinatio ns of Collenia a nd 
Cryp tozoon-type structures. Individual s tacks of hemisphero ids (fo ll owing the 
terminology of Loga n, et al., 1964) are about one to a few millimetres in di ameter. 
T he space be twee n these stacks is fill ed with oo lites, some with qua rtz nuclei , and 
mino r a mo unts of qua rtz, feldspar, a nd c hl o ri te in an a bunda nt matrix of micro
crysta lline to ve ry fine ly crysta lline ca lci te. 

A sa mple of dark grey, greyish orange-weathering dol omite co ll ected from 
stra ta probably equi va lent to map-units JOA or JOB consists of euhedra l to subhedra l 
microcrysta lline do lo mite crysta ls (range abo ut 4 to 40 micron s, average di a meter 
about 20) surrounded by cryptocrys talline a nhedra l ca lcite with va ryi ng but sma ller 
amou nts of clay-sized minera ls a nd ca rbo naceous matte r. Soft-sediment deformation 
is vis ible in a ha nd specimen . 

A typical specimen of dark g rey, m ed ium dark grey weat herin g limestone from 
map-u nit lOC co nsists of pellets abo ut 0.1 mm in diameter, as we ll as poorly pre
served organic structures that may represent fo ram inifera a nd a lgae, in a matrix of 
cryptocrysta lline to fine ly crysta lline ca lc ite. An o ther specimen of medium dark 
g rey, medium grey weat hering limesto ne is composed of crys tal s that ra nge in size 
from about 9 to 45 microns a nd have inclusion s of less than 5 microns. Th i rock 
co ntain s foram ini fe ra (see beloll'). 

Evaporites and solution breccia. Jn thin sec tion , an evaporiltc rock appears as 
alternating layers a bout 0.2 to 6 mm thick, composed mainly of eu hedral anhydrite 
and subhedra l to an hcd ra l gyps um . The crystals range app rox imately from 5 to 300 
micron s, and a re common ly about 50 micron s long. So me gypsum is oriented per
pendicularly to the stratifica tion. Small amounts of submicrosco pic impurities, 
probably organic matter and clay, are associated with the calcium sulphates. 

A typical speci me n of evaporite so lution-breccia cons ists of fragments of va ri ous 
types of limestone wit h minor a mo un ts of chert in a mat ri x of cryptocrysta lline 
ca lcite. The fragments, ranging up to about 13 mm in diameter, vary considerably 
in size and shape. The limestone fragments are mainly pure but pa rtl y dolomitic. 
Some a re pe ll eta l ; others conta in crin oid columna ls a nd poss ibly foramin ifera. The 
origina l rock probably consisted of a variety of limestone types with interstratified 
evapor ites. 

Contact Relationships 

External contacts. Map-unit 10 overl ies th e Silurian and o lder rocks with 
ang ular unconformity. On the west coast o f M'Clintock Inlet the unit rests, from 
north to sou th , on the Lower Si lurian Jmina Formation , on an ultrabasic intrusion , 
a nd on low-grade meta morphic basement rocks. Contacts with Silurian and older 
rocks on the east side of the inlet appear to be faulted. 

T he co ntacts between map-units 10 and 11 a re, for the most part, faults. A 
conformable contact , however, between fo ss iliferous limestone of map-unit 100 
a nd gypsum- anhydrite of map-unit 11 is exposed at local ity 50, about 7 miles south
east of C rash P oint . 
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Internal contacts. The fou r sub-uni ts are concordant and, with the exception 

of the basal contact of unit 1 OB, the intern a l contacts are gradatio n a l. T he latter 

bounda ry is ma rked by a ra ther ab rupt decrease in the grade of the elastic sediment~ 

and by the sudden appea ra nce of red beds. but evidence of intervening erosio n ha s 

not been obtained. 

Mode of Origin 

Sources of elastic sediments. T he petrography of the elastic sed iments indicates 

that they were probably derived from lower Pa leozoic a nd older rocks, but the 

poss ibility of contribu tio ns from D evon ian a nd Carbon iferous st rata cannot be 

dis mi ssed. The fragments observed may be assigned to the following probable sou rces. 

Pre-Middle Ordovic ian basement- phyll ite, phyllitic rocks 
- quartz-muscovite sch ist 

-schi stose chert 

- coarse muscovi te 

- quartz keratophyre and re lated vulcan ic frag ments 

- some carbonate fragments 

- some chlorite, feldspar, quartz, etc. 

Ordovician and Silur ian st rata- some carbonate fragments, particular ly foss ili ferous limestones 

- some volcanic mater ia l (M"Cl intock Formatio n ?) 

- some quartz, particu lar ly rounded grai ns 

- some chlorite, feldspar , etc. 

D evon ia n stra ta are not kn own to be preserved in no rthern E ll esmere Tsla nd 

a nd , therefore, their possible co ntribution ca nn ot be assessed . La te Mississippian 

elast ic sediments have been reported from Nansen Sound a rea a nd C lements M a rkham 

Inlet (Kerr a nd Trettin , 1962), a nd strata comparab le to these may have co ntributed 

some quartz, etc. The loca l character of these de posits suggests that they may have 

been widely eroded prior to Pennsylvan ia n sed imentat ion. 

Pa/eocurrent directions. The azi muths of fo ur tee n axes of scoo p-shaped troughs 

in sub-uni t IOA were measured nea r loca lity 43 (Figs. 8 a nd 15). Thi s gro up of deter

minations has the fo ll owing stat istica l para meters. 

Mean .. 

Ra nge .. 

Standard dev iat ion . 

Confidence limits o f mea n .... 

144° azimuth 

103 to 223° az imu th, i.e., 120° 

29.5° 

(p = 0.05) : ± 14° 

The predo mina nt current direction at thi s loca li ty thus is from northwest to 

southeast. 
Three readings we re ta ken from the basa l part of uni t lOD, about l.6 miles 

northeast of Crash Point. Two represent linea ti ons, a nd o ne represents the axis of a 

min or scoop-sha ped trough. The results are as follows. 

Mea n .. . 

Range .. . 
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226° azimuth 

201 - 254, i.e., 53° 
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FIGURE 8. Map-unit JOA, outcrop areas and inferred pa leocurrent directions. 

Environmen1s of deposition. lt is inferred from the re latively coarse grade of 
most elastic sed iments that they were deposited not far from their source area in the 
north or northwest. The immature and heterogeneous composition of the sed iments 
suppo rts this co nclusion, and further indicates relatively rapid deposition without 
much re-working and mixing. 

The sandstones of unit JOA that a re characteri zed by large-sca le crossbedding 
at high angles must have been deposited by relatively swift, competent currents, 
probably in fluviatile or estuarine channels. The small-scale crossbedding in the other 
units a lso indicates cu rrent activity, but in a lower flow regime (see Harms and 
Fa hnestock, 1965). Intermittent exposure in an ox idizing, perhaps subaerial, environ
ment is suggested by the red co lour of a la rge part of these sediments. 

The fo llowing inferences abou t the environments of deposition of map-unit JO 
are based on the ecology of its fa unas and flora s ; complete lists of these fossi ls follow 
under Age and Correlation. 
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M . J. Copeland states th at the ostracods identified by him from sha ly limestones 
a nd calcareous shales of map-units lOA and lOB are common in Pennsylvanian coal 
measures and hence suggestive of non-marine or brackish conditions, a lthough 
ostracods of the sa me type have also been found in marine facies . Of the spores 
reported by M. S. Barss from shaly limestones and limy shales of map-unit lOA, 
Calamospora and Lycospora are characteri stic of coal seams where they occur approxi
mately in situ ; Florinites, on the other hand, is most a bundant as transported material 
in marine shales, a lthough it a lso occurs in coal seams and non-marine sha les (Neves, 
1958). Mamet comments tha t the foraminifera and red algae which he identified in 
the uppermost limestones of map-unit lOD are common in sediments of shallow 
water facies, for example in cyclothems. Although stromatolites occur in some 
modern inland la kes, the doma l types present in map-unit lOA are most common 
in tidal environments characterized by low turbulence (Aitken, 1967). 

Jn summ ary, map-unit 10 represents sha ll ow-mari ne, brackish , and perhaps 
a lso non-marine, flu via l enviro nments; unequivocal evidence for open marine environ
ments is lacking. 

Age and Correlation 

Macrojlora. Plant fossils from map-uni t 10 were identifi ed by W. A. Bell as 
fo ll ows. 

M AP-UNIT IOA 

Locality 43. J .6 miles northeast of Crash Point. 
GSC Joe. 7476 

A si ngle leafy shoot like that from GSC Joe. 7473, somewhat belier preserved. Can not be re liably 
identifi..:d, but Lepidode11dro11 1vorthe11i very possible. This sample has a species of ostracod 
(both valves preserved in some instances) several times larger than those of GSC Joe . 7470 
a nd 7472. 

GSC Joe. 7477 

Caln111ites sp. 
Impossible to identify owing to poor preservation. Presumably some of t~e rihs al least alterna te 
at the nodes, so that spec ies does not seem to be a n Asteroco/a111ites which is confined to Mis
siss ippian . 

GSC toe. 7478 

Lepidode11dro11 worthe11i Lesquereux 
The species, so far as known, is restricted elsewhere to middle and upper parts of Pennsylvanian 
formations of equivalent ages. The speci men is best preserved of the lycopods present in all the 
collections submitted from M'Cli ntock Fiord area. 

M AP-U , IT IOB 

Local ity 45. About 2.3 miles easl-northeast o f Crash Point ; drift, probably close to source. 
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GSC toe. 7470 

Lepidopliloios larici11us Steinberg 
Lepidophy//um sp. 
an uniden tified branching seaweed (?) 
Apparen tly a Pennsylva nian age i more probable than a Miss iss ippian age (see remarks for 
GSC Joe. 7469). In add iti on to megaplan t remai ns, there are scattered palconisc id fish bones 
and scales and rare min ute ostracods. 



Loca lity 46. About 1.8 111iles no rtheast or Crash P o in t. 
GSC Joe. 7472 

L epidosrrobop/Jy /111111 sp. 
L epidop/Jyllum sp . 

STRATIGRA PHY 

Such leaves are use less for refi ned age in te rpreta tio n . Associated with the leaves are abu ndant 
111inute os tracods li ke those occurring at GSC Joe. 7470, a nd evera l pa leoniscid fish sca les 
occur as we ll. 

GSC ioc. 7473 
A very poorly preserved frag111ent of a leafy lycopod shoot, too obscure for generic identifica
tio n, but 111ay we ll be Lepidodeudroil worr/Jeui Lesquereux. The rock also conta ins ra re paleo nisc id 
fis h sca les a nd minute o stracoda like those 111entioned above. 

UNDI VIDED M AP- UNlr 10 

Al tho ugh the stratig raph ic pos ition of the coliections described below is not certa in , they are 
probably from bed eq ui va lent to m a p-units JOA , IOB o r bo th . 
L ocality 47. A bout 0.5 111ile west of M'Clintock Inlet, a nd 2.3 miles northwest of the mouth of 
Ooblooyah Creek. 

GSC Joe. 7469 

Lepidoph/oios lariciuus? Stei nberg 
T he preserva tion of leaf-cushio ns is so poor in these specimen that it is not certain whether the 
for111 is co nspec ific with L. /ariciuus rather than with L. sco1ic11s. Jf actua ll y /ariciuus, and such 
iden tificat ion is favoured , an Upper Carboniferous age is considered more probable. The 
presently known occurrences elsewhe re of /ariciu11s a re in Upper Carboniferous or Pennsy lvan ian 
deposits, a nd scoticus in L ower Carbon iferous or Mississ ippian. 

L ocality 48. Abou t 4.1 miles east-southeast of Crash Point. 
GSC Joe. 7471 

Lepit!oph/oios lariciu11s Steinberg 
The specific identifica tion o f th is speci men is considered Slifficiently rel iab le to o mit a question 
mark. So far a s present time ranges are concerned, the species strongly suggest a Pennsylvan ia n 
age. 

Summary 

Dr. Be ll gave the fo ll owing summa ry of hi s findin gs: "lf cor rectly identified both 
Lepidophfoios !aricinus a nd L epidodendron H'ortheni stro ngly favour a Pennsylvania n 
age, particu la rl y a Westpha li an stage. H owever, in dea ling with such a small florul e 
from a d ista nt region, o ne is not justified in ass uming that these two species had the 
same time ra nges th ere that they are known to have in North America and E urope. 
Spore a na lyses sho uld yield a much m ore comprehensive and relia ble evidence." 

Spores from map-unit JOA . Only one specimen yielded spores . These were iden
tified by M . S. Ba rss as follow 

L oca li ty 43 (see above). 

GSC loc. 7475 

Ca/amospora sp. 
L oplwtriletes sp. 
R eticulatisporites sp. 
Apiculatisporis sp. 
L ycospora sp p. 
?Lae11igarosporites sp . 
Floriuires sp. 
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Mr. Ba rss comments: " Specific identifications were not attempted beca use of 
the preservation of the spores. The most ab unda nt spores were Lycospora a nd 
Florinites. The presence of Florinites in the sa mple indicates a Pennsylva nian age. 
This genus, to my knowledge, does not occur below the Pennsylvanian, but can 
range into the Permia n. H owever, with such a n abu ndance of Lycospora i t is not 
likely that the possibility of a Permi an age need be considered." 

Ostracods from map-units JOA and JOB. Ostracods from locality 43, map-unit 
lOA, GSC Joe. 7476 ; locality 45, ma p-unit lOB, GSC Joe. 7470 ; and loca lity 46, 
map-unit JOB, GSC Jocs. 7472 a nd 7473 were exa mined by M . J. Copeland who 
comments as follows. "The o tracod specimens a re poorly preserved , but may be 
identified generica ll y as Carboni/a sp., a widely ranging Pennsylvanian genu . No 
more precise age determination is possible, but the general shape of the specimens is 
most reminiscent of those from st rata of Westphalia n C and D age in the Maritime 
Provinces o r, in genera l, Middle Pennsylvania n. " 

Foraminifera from map-unit JOD. Pale yell owish brown, cryptocrystalline lime
stone with echin oderm columna ls forming the uppermost beds of map-unit lOD at 
loca lity 50, a bout 7 miles southeast of Crash Poin t, a nd half a mile north ofM'CJintock 
Inlet yielded fusulinids , which were identifi ed by R. Thorsteinsson as follow 

GSC Joe. C- 5 

Profusi11e/la sp. 
Pseudostaflella sp. 
Wedek i11de/!i11a sp. 

Age : Moscovian in terms of the European type section; Middle Pennsylvanian in the American 
standard sect ion . 

B. M amet, who examined a thin section of this rock noted the following other 
foram.inifera: 

Ammovertelli nae 
Bradyinidae 
Earlandiidae 
Climaca111mi11a sp. of the group C. 111oelleri Rei tlinger 
trilaycred G/obivalv11/i11ella sp. 
Palaeotextulariidae 
T11beriti11a sp. 

Mamet comments that these fo rms are not zonally significant, but that they 
indicate a Moscovian age . The p resence of abundant red algae (Rhodophycophyta) 
co nfirm s inferences made abou t the environment of deposition (see above). 

Summary 

Map-unit JOD is Moscovian, and map-units JOA to JOC are probably also 
Middle Pennsylvanian. 
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STRATIGRAP HY 

No tes on Correlation 

Sha ly limestones, a nd multi co lo ured elastic sediments including co nglomerate, 

part ly red coloured sa ndstone, a nd red a nd g reen sil tsto ne similar to map-unit 10 

we re o bserved by the writer at Piper Pass, about 11 miles so uth of the head of C lements 

M a rkha m Jnlet. The type area of the Sail H arbou r Gro up ( Blackadar, 1954) lies o n 

strike with thi s loca lity, about l 8 to 43 miles to the northeast. The Sa il Harbo ur Gro up 

wa described by Blackadar as consist ing of black sha le, slate, and argill aceo us lime

sto ne, sed iments that are comm on bot h at Piper Pass a nd in sub-u nit JOB on M 'Clin

tock Inlet. 

According to Blackadar (op. cit.), the Sail H arbour Group is Perm ia n or o lder 

becau e it seems to underli e red bed s of the Guide Hill G ro up, which in turn a re 

ove rlain by Penn sylva ni a n or Permian limesto nes of the Fe ilden Group. On the other 

hand , the Sai l H a rbour seemed to be yo unger than the Ca pe R aw o n Group becau se 

it is less deformed . 

There a re, then , two reason for suggest ing that map-unit 10 is at leas t partl y 

co rrelat ive with the Sail H arbour Group : ( I) Both represent the oldest known post

Siluria n sediments in the res pect ive areas; (2) the Sail H a rbour Group is litho logi

ca ll y similar to parts or map- uni t 10. 

Map-unit J 1 

Distribution , Thickness, and Lithology 

M a p-un it 11 is rep resented by two facies ; a predominant cvaporite facies, a nd 

a subordinate elastic facies. 

Evaporite facies (map-unit J J 1). This facies , consisting of gyps um a nd a nhyd rite, 

underlies much of the area south a nd west of Crash Point (Fig. 9). The beds are 

genera ll y contorted , a nd the contortions are probably d ue to expa nsio n concomitant 

with the hydra tion of the o rigina l a nh ydrite. Within the a rea ma pped, pronounced 

changes in t hi ckness are apparent. At loca li ty 49 , the unit is about 500 to 600 feet ; 

a t loca lity 50, a bo ut 30 feet ; at loca lity 51 , about 10 feet ; a nd east of 51 it is not 

repre ented . The eva po rites form two complex anticlines, the top of which co incides 

approximately with the p resent la nd surface because the ove rl yi ng beds of map-unit 

12 have been stripped by erosio n. 

These va riations in thi ckness may be due to various factors o r processes: 

(J) environmenta l factors, resulting in origina l d ifferences in thickness ; 

(2) fl owage of gypsum- a nh yd ri te from the fla nks of the a nticlines to their crests; 

(3) differential solu tion by subsurface waters, a process that wou ld also account 
for the brecciation in overl ying strata of map-unit 12 ; 

( 4) local faulting. 
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FIGURE 9 Oblique aerial view of east side of M'Clintack Inlet, southeast of Crash Point. Pennsylvanian gypsum
anhydrite (11) farms a broad syncline flanked by two anticline s. The evaparites rest with fault contact on 
Middle Pennsylvanian elastic and carbonate sediments (10), and are overlain by limestone breccia (12). 
The syncline marks the aids of a major structural trough. (RCA F T404L-17) 

Clastic facies (map-unit 112). This facies has been seen o nl y at loca lity 49, abo ut 
a mile east of Crash Point. It is a na rrow body of partly red weathering sandsto ne, 
pebble-conglomerate, and sil tstone which probably represents a channel fill. 

Contact Relationships, Age, and Correlation 

At locality 50 the eva porites conformably overlie limestone of map-unit lOD, 
which contains Middle Penn sylva nian fusulinid s. M a p-unit 11 therefore is Middle 
Pennsylvanian or yo unger. 

Map-unit 12 

Distribution, Thickness, and Lithology 

Outcrops of map-unit I 2 a re confined to the so utheastern extremity of the a rea 
mapped and are bounded at the top by the present-day erosion surface. Est imated 
thickness of strata at loca li ty 52 is 300 feet. 
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The lower few tens of feet consists of medium light grey, light grey to medium 
grey weathering limestone that is predominantly finely microcrystalline but ranges in 
grain size up to finely crysta lline. At locality 52 thi s limestone is partly brecciated 
and poo rl y bedded. At locality 53 it is thinly laminated, a nd individual lamina or 
sets of la minae form irregu lar fo lds from one to about JO mm in half-wave length . 

The over lying strata are conspicuous due to their yellow-weathering. Most of 
these are calcareous breccias composed of fragments of silty and sa ndy limesto ne or 
calcareous sandstone. The limestone fragments are finely microcrystalline, and the 
carbonate crystals contain extremely fine, dust-like inclusions. In some specimen s the 
fragments are discrete but in others they are only vaguely di stinguishable from the 
matrix, which consists of coarsely microcrystalline to medium crystalline, clear calcite. 

A small part of the unit con ists of unbrecciated , yellowish grey to greyish orange 
weathe ring, very thin bedded, poorly bedded , microcrystalline limestone. 

In the upper part of the unit , there are local boulder-conglomerates with a 
ca lcareous matrix . 

Mode of Origin 

The laminated, crenulated st rata in the lower part of the unit are probably of 
algal origin a nd represent intertidal environments. The conglomerate bed s in the 
upper part, judging from their shape in cross -section and from the presence of boulders 
in them, probably represent cha nnels of competent stream that derived their sedi
ments fro m nearby sources. The limestones and breccias cut by these conglomerates 
mu st, therefore, be of fresh o r bracki sh water origin. From the a ngular nature of the 
fragments in the breccias it is concluded that they probably formed in place. The 
brecciation may have been caused by the so luti on of underl ying evaporites, by desic
cation , or by both processes. 

Contact R elationship and Age 

orth of loca lity 52, unit 12 rests conformably on unit JI. Foss il s have not been 
found in map-unit 12 . The unit , however, is the youngest in a conformable seq uence 
overl ying map-un it !OD, which contains Middle Pennsylvan ian fu sulinids; a Middle 
Penn sylvanian or you nger age can thus be assigned to it. 

Map-unit 13 

T hi s unit, which is confi ned to the southeastern part of the ma p-area , wa s ex
a mined briefly. Jt forms a west-p lunging anticline that is bounded both on the north 
a nd the south by fault s; it s base is not exposed. The lower a nd middle parts consist 
of poorly bedded, partly cherty, fossiliferous limestone conta ining bryozoans, large 
brachiopods, and corals. The conglomerate and breccia are composed mainly of 
cla sts of carbonate and chert, but a lso contain tran sported fos sil s. Fossils have not 
been co ll ected. The unit is different in lithology from map-units 10 to 12 a nd probably 
younger. Regional studies by W. W. Nass ichuk (pers . corn .) indicate that it is not 
younger than Permian. 
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Map-unit 14 

This unit is represented by a n isolated fault block, probably a gravity slide, about 
5 miles east-southeast of Crash Point. The block co nsists of several hundred feet of 
strata, main ly limestone a nd dolomite, with interbedded evaporites in the lower part. 
The limestone in the upper part is rich in brachiopods and other fossi ls. Fusu linids 
col lected from the e strata by W. W. Nassichuk were identified by R . Thorste insson 
as follows: 
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Locality 63. 
GSC Joe. C-382 

Schuberte//a cf. S. ki11gi Dunbar a nd Skinner 
Sc/1wageri11a sp. 

Age : Early Permian 



INTRUSIVE ROCKS 

Numerous in tru sions in the a rea mapped differ in size, co mpos iti on, and sta te of 
altera tio n. M ost a re rela tivel y small a nd dyke-like, but one is a s tock, tens of square 
miles in ex ten t. The co mpositio n of these in trusio ns ranges fro m ult ra basic to acidic, 
and the sta te o f a ltera ti o n from complete replaceme nt by chl o rite, serpentine, a l bite, 
etc., to nea rl y una ltered . All intrusio ns a re yo unge r tha n m a p-unit 2, which is Middle 
Ordovician o r o lder. Bed s of Wildernessian age ove rlie some intrusio ns but a re cu t 
by o thers. One p os t-Wildernessia n body h as yielded a n Ea rl y D evo ni a n i o top e age. 
The rocks known or suspected to be pre-Wilderness ian are m ore highl y a ltered tha n 
the younger ones. Jn the fo ll owing descrip tio n, the rock s a re gro uped acco rding to 
compositio n, sta te o f a ltera tion , and age, in that o rder . 

Altered Ultra basic and Basic Intrusions 

North of Oob!ooyah Creek. An intrusion co mposed of o live-g reen weathering, 
massive ultrabasic rocks underli es a la rge a rea a t the southeastern periphery of the 
regio n studied . The ex posed part of thi s intru sion is roughl y elliptica l in pla n, nea rly 
13 miles lo ng a nd 4 miles wide. Its outlines we re m a pped by the writer in t he course of 
a brief helico pter traverse in 1965 and by ph o to interpreta ti o n, a nd the lith ology was 
briefl y exa mined in t he n o rtheasternm ost pa rt o f the ex posures.I 

M ost rocks in the no rtheas tern part o f the pluto n are co mpletely altered to 
minera ls o f the chl o rite a nd serpentine g roups. At loca lity 55, howeve r, compa rative ly 
well preserved , coa rse-g rained wehrlite is ex posed . A thin secti on of a re presenta ti ve 
specimen consists ma inly of clin opyroxene class ified as sa li te (D eer, H owie, a nd 
Zussma n, 1963, vol. 2, pp. 1, 132) on the bas is o f the foll owing measurements: 

ny= l.705 ± 0.004 

2v = 59 ± 2° (l det. ) 

About a third of the thin secti o n consists o f chl o rite a nd serpentine, pa rtl y 
pseudo morpho us a fter o livine. earl y JO per cent is wea kl y pleochroic t rem olite
actin o lite, and about o ne per cent o r less, rela ti ve ly fin e grained, browni sh red bi o tite 
o r hlogopite. 

On the east a nd south west, the pluton is unco nforma bly ove rl a in by Pennsylva nia n 
stra ta o f map-uni t 10. The no rthern co ntact with the A yles a nd M 'Clintock Forma
tions and the so uthwes tern co ntact with ma p-unit I appea r to be fa ulted . 

IA more deta il ed study based on fi eld wo rk in 1966 has recently been completed by T . 0. Frisch ( 1967). 
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The ultrabasic pluto n is intruded by small bodies of quartz diorite and related 
rocks (see belo1v), probably Early D evonia n. It is probably genetically related either 
to the qua rtz diorite intruding it, or to the ultra bas ic rocks on Bro mley Isla nd . In the 
first case the plutonic rocks wou ld mos t likely be of Ea rly D evo ni a n age, a nd in the 
second, Early or Middle Ordovician age . 

Bromley Island. The most common intrusive rocks o n Bromley Island a re a ltered 
diabase dykes consisting of a lbite, partly chloritized clinopyroxene, a nd "iron o re." 
The texture is ophitic or sub-ophitic. The proportion of mafic minerals a nd hence the 
da rkness of the rocks va ries. The intrusio ns a re considerably altered to chlorite and 
sericite, and to a lesser extent to talc a nd prehnite. 

Less common a re ultra basic dykes, which a re exposed mainly in the central 
western parts of the island. A typical pecimen of serpentinized perid otite from locality 
54 consi sts mainly of serpentine, abo ut JO per cent clinopyroxene, a nd a bout one per 
cent of combined tremolite-actino lite, phl ogopite or biotite, a nd "ore." Some erpen
tine is characterized by " mesh structure," a nd probably has repl aced olivine. The 
crystall ographic orientat ion of the clinopyroxene is uniform througho ut a thin section, 
fo rming a poikilitic texture . Mica a nd tremolite- actinolite, being normally less than 
0.2 mm in crysta l length, are much finer grained than the pyroxene a nd o ri ginal 
olivine. The biotite or phlogopile is inten se ly red in the maximum a bso rption position, 
which suggests that the minera l is richer in Ti02 than in Fe++ (Deer, H owie, and 

Zu sman, 1963, pp. 49, 71). 

The ultrabasic and ba sic dykes intrude mainly acidic tuffs of ma p-uni t 2. At 
several loca lities they a re unco nfo rmably ove rl a in by member B of the Cape Discovery 

Forma tio n, the contact being exposed at loca lity 12 (Fig. 2) . 

On the extreme west side of the central part of the isla nd , the ultrabasic rocks 
a re in fault contact with a sli ce of member B of the Cape Di scovery Formation . 

The possible age range of the dykes is limited by the age of the overl ying strata 
which is late Middle Ordovician , a nd of the intruded rocks which is possibl y Early 
or early Middle Ordovicia n. If the latter assignment is co rrect, then the dykes mu t 
be of Middle Ord ovician age. 

Unaltered Basic Intrusion 

Bromley Island. Whereas most intru sions cut map-unit 2 a nd proba bly pre-date 
the Cape Discovery Formatio n, a single d ia base dyke at loca lity 56 intrudes the 
Middle Ordovician carbonates. A specimen of the dyke is sub-ophitic in tex ture a nd 
consists mainl y of plagioclase laths a nd clinopyroxene, with lesser a mounts of biotite 
a nd " iron ore," a nd so me alteration products such as chl o ri te a nd ta lc. The plagioclase 
in thi s rock is zoned a nd ranges in composition approximately from sodic a ndesine 
to calcic labradorite. The zoning, range of composition, a nd lack of a lteratio n of the 
feldspar contrasts with that of the pre-Cape Discovery intrusions o n Bromley Jsland . 
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Altered Basic to Intermediate Intrusions 

Southeast of Eging1rah Bay. D ykes intruding map-u nit 2 in the ma ll outcrop 
area so utheast of Egingwa h Bay (Joe. 58) ra nge in co mposition from intermediate to 
basic a nd contain sodic p lagioclase. 

A specimen of a ltered di a base co nsists of clin opyroxene a nd al bite in sub-ophitic 
texture with chl orite a nd subo rdinate " iron ore." A specimen of a ltered diorite is 
composed mai nly of hornblende a nd a lbi te with mi nor amou nts of tremolite- actino
lite, clinopyroxene, epi dote, chl o ri te, ca rbonate, a nd opaque minera ls. R eddish 
brown apatite is a re la tively a bunda nt and coarse-gra ined accessory. The al bite, show
ing complete twi nning a nd some undulato ry extinction, appea rs to have been 
metaso matized; the hornblende is little a lte red. 

I ntr usions of thi s type were not seen in the ove rl ying strata of the Cape D iscovery 
Formatio n, which suggests that the in trusio ns may be of pre-late Middle Ordov ician 
age. 

Southwest of Taconite Inlet. N umerous sill s a re present in ma p-uni t 2 southwest 
of Taconite Inlet. 

A specimen from locali ty 59 exa mined in thin section consists ma inl y of feldspar 
with lesser fract ions of chl o rite, cl inopyroxene, b iotite, " iron ore," a nd probably 
preh nite. M ost feldspar is a lbi te, but a mino r qua ntity is microperthi te. The cli no
pyroxene is ex tensively replaced by chlorite. T wo ty pes o f biotite are recognized. T he 
first, which is considera bly chloritized a nd compara ble in grain-size to the fe ldspar 
and pyroxene, is proba bly a n ori gina l constituent of the rock. T he second, which is 
much fi ner gra ined, yell owish b rown, a nd replaces a ll ot her minera ls, proba bly 
represents a Ja te r a Itera tion. 

From the a ltered sta te of these intrusions a nd fro m their a bsence in the Cape 
Discovery Formatio n a nd yo unger units on Taconite Inlet, it is concluded that they 
a re possibly of pre-Wildernessia n age . 

Unaltered Intermediate to Acidic Intrusions 

Peninsula 1rest of Bromley Island. A dio ritic dy ke cutt ing members A a nd B of 
the Ca pe D iscovery Fo rmatio n was observed on the peninsula west of Bro mley 
Isla nd at loca li ty 57 (Fig. 15), a nd o ther intru sions o f thi s type a re p ro ba bly present. 
A speci men examined in thin sect ion consists mainly of fe ldspar, clin opyroxene, a nd 
chloriti zed biotite with less th a n one per cent of qua rtz, " iro n o re," and accesso ries. 
T he p lagioclase is zoned approximately fro m sodic a ndesi ne to sodic labrado rite. 
K-feldspa r fo rms Jess tha n a third of the tota l fe ld spar, a nd some grains contain 
myrmekitic a nd graphic intergrowths of quartz. 

T he intrusion is la te Middle Ord ovicia n or yo unger, a nd may be related to the 
Ea rly D evonia n qua r tz dio rites described below. 

North of Ooblooyah Creek. Four sma ll quartz dio ri tic in trusions were discovered 
by the writer in the eastern pa rt of the ult ra basic mass north of Oobl ooyah Creek in 
1965, a nd a fifth was fo und by T. 0 . F risch in the centra l pa rt of that stock in 1966. 
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The pluton at loca lity 62 is of irregular shape, whereas those at localities 60 a nd 
61 a re tabular. The granitic rocks al locality 60 shown on the map as a single outcrop 
are, in fact , severa l sheets that are separated by se rpentinite. Although these intru ions 
a re dyke-like in form , their hypidiomorphic-granular texture appears more closely 
related to plutonic than to hypa byssa l rocks. 

The app roximate minera l composition a nd classification of six specimens is 
shown in Table Vl ll . Although the rocks a re given different names because of dif
ferences in the composition of the feld spa r and proportion of quartz, they are minera
logica ll y related. 

The plagioclase ranges in composition from pure a lbite to intermediate a ndesine, 
a nd is gene ra ll y zoned , normal zo ning being predominant. Most plagioclase, except 
fo r the a lbite, is a ltered to white mica a nd epidote. 

The K-fe ldspar commonly shows pericline twinning, and is probably mainly 
microcline. Some gra ins contain perthitic albite, a nd others myrmekitic quartz. The 
K-feld spar is relative ly unaltered . 

The hornblende is mainly una ltered, but replaced at the margins by tremolite
actinolile. It is pleochroic showing the following abso rption colours: z: dark green 
with a shade of blue; y: dark green; x: ligh t green with a shade of red-brown . 

The biotite has inclusions of zircon , rutile, and apatite. It is nea rly una ltered in the 
specimen from loca lity 60, partly to completely chloritized in the specimens from 
loca lity 61 , and partly replaced by "ore" in those from 62. In the max imum abso rpti o n 
position , it is dark red-brown with a shade of o li ve. 

The tremolite- actinolite is light green to colourless , and grows in felted aggregates 
from the margins of the hornblende crysta ls. ]t i common ly intergrown with the 
quartz, and to minor extent with the fe ldspar. 

A K-Ar age determination on ho rnblende (GSC No. 1296) from locality 60 
yielded a n appa rent age of 390 ± 20 m.y. L There are three reasons supporting this 
determination as the app rox imate age of em placement: (I) from the state of the plagio
clase it is inferred that the rock has not been metam orphosed ; (2) the specimen came 
from a small high-level plug that probably cooled fair ly rapidly ; (3) with in the con
fidence limits stated, the determination coincides with several other recent age determi
nation s from northeastern Ellesmere Jsland (Frisch, I 967), especially with a K-Ar age 
of 390 m.y. (Frisch, pers. com.) from a zoned basic- ultra basic body at Cape Fanshawe 
Martin . According lo the most recent time sca les (Fri end and H ouse, 1964 ; Bottino 
and Fullagar, 1966) the apparent age and its confidence limits are Early Devonian. 

tK = 0.57 3 ; Ar40 / K40 = 0.0254; radiogcnic argo n 903 . 
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STRUCTURAL GEOLOGY AND TECTONICS 

Times of Structural Deformation 

Orogenic movements are inferred for the late Proterozoic to Early Cambrian 
interval, the Middle Ordovician (?), the Late Silurian to Middle Pennsylvanian 
interval, and the middle (?)Tertiary. 

Late Proterozoic - Early Cambrian Orogeny 

The data suggesting a late Proterozoic to Early Cambrian period of diastrophism 
may be summarized as follows: 

1. Folding and metamorphism occurred in northeastern and northern Greenland 
in the late Proterozoic (Haller, 1961 ; Haller and Kulp, 1962). The resulting orogen, 
which is known as the Carolinidian, trends towards northernmost Ellesmere Island 
and the Cape Columbia metamorphic complex may be its continuation, as suggested 
by Hal ler (op. cit.). 

2. Biotite from a gneiss in the type a rea of the Cape Columbia Group yielded an 
apparent age of 545 m.y. (Blackadar, 1960). This determination, which according to 
the latest time scale is Early Cambrian (Cowie, 1964), at best gives an upper limit for 
the metamorphism, because K-Ar ages from metamorphic terranes, as those from 
deep-seated plutons, are commonly too young. This is genera ll y attributed to the slow 
cooling of deeply buried parts of the orogen. The cooling would be accelerated, 
however, by tectonic uplift that normall y follows folding and metamorphism, and the 
date obtained may be close to that later event. 

3. Prior to the Arenigian, probably mainly in tbe Cambrian, more than 3,000 
feet of andstone, siltstone, conglomerate, and shale was deposited at the pre ent 
site of tbe United States Range and on northern Axel H eiberg Island. The mineralogy 
of these strata indicates that they were derived from metamorphic and plutonic source 
rocks. The coarse grade of the sediments suggests that the source terrane was close, 
and the facies relationships and directional structures suggest that it lay to the north
west (Trettin, 1968). Thus, these sediments indicate that prior to the Ordovician a 
metamorphic - plutonic complex was elevated in the region now occupied by the 
Cape Columbia Complex. 

These three points make a reasonable case for a late Proterozoic - Early Cambrian 
orogeny on the north coast of Ellesmere Island. It remains uncertain , however, whether 
the strata of map-unit I, originally assigned to the Cape Columbia Group, were 
metamorphosed during that orogeny or during an inferred Middle Ordovician event 
discussed below. 
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Middle Ordovician (?) Orogeny 

An a ngula r unco nformity at the base of the late Middle Ordovicia n and (?) 
younger Cape Di scovery Formation is evidence of a n orogeny prior to the late Middle 
Ordovicia n. If the underlying beds of map-unit 2 a re Early or early Middle Ord ovician 
as suggested above, then this event must have occurred ap proximately in Middle 
Ordovician time.1 lf, however, map-unit 2 represents a less metamorph osed part of 
the Cape Columbia Com plex, then thi s angular unconfo rmity is related to the Early 
Ca mbria n or Proterozo ic orogeny di scussed below, o r to a n unknown event between 
Ea rly Cambrian a nd Middle Ordovicia n times . 

Late Silurian to Middle PennsyJvan ia n Movements 

A ma rked a ngu lar unco nformity lies at the base of the Carbonifero us strata 
thro ughout the Arctic isla nds. This uncon formity is present in the M 'Clintock Inlet 
regio n, where the you ngest dated unit beneath it is Late Silurian (Ludlovian) and the 
oldest uni t above it is Middle PennsyJvanian . 

Three o rogenies are known to have occurred in other parts of the Arctic islands 
during the Late Silurian - Middle Pennsylvania n interva l. 

l . Late Silurian a nd (?)Early D evonia n earth movements occurred in northern 
Axel H eiberg Island (Tretti n, 1967) and were approxima tely contempora neous with 
the Caledonian main orogeny of east Greenland (Haller and Kulp, 1962). R elated 
movements in the region of Boothia Uplift a nd Cornwallis Fold Belt are restricted 
to the Earl y Devonia n (Kerr and Chri stie, 1965). 

There is some inco nclusive evidence that the M 'Clintock region may have been 
affected by the Caledonian m ovements: (a) The appare nt age of 390 ± 20 m .y. from 
the quartz diorite north of Ooblooya h Creek a nd severa l other determinations from 
the region between Cape Fanshawe Ma rtin and Cape Aldrich (Frisch, 1967) coincide, 
within the confide nce limits stated , with Caledonian (sensu stricto) isotope ages fro m 
east Greenla nd (Hall er a nd Kulp, 1962). On the other hand , if the quartz dio rite 
north of Ooblooyah Creek is geneticall y related to the ul trabasic pluton which it 
intrudes, then the 390 m.y. age determina tion may represent a time of crusta l extensio n 
rathe r than compress io n. (b) The Caledonian structures in northern Axe l H eiberg 
I sland and the Boothia- Co rn wa lli s region trend northerly to no rth westerly and cut 
across westerly to southwesterly trends of adjacent terrai n unaffected by Ca ledonian 
dias trophism. Intersect ing northerl y and wes terly trend s a lso occur in the M 'CJin tock 
region. 

2. The fi nal orogeny of the eugeosyncline in northern Axel Heiberg Island cl i
maxed in late Middle to Late D evo ni a n time (Trettin , 1967). 

3. The final orogeny of the miogeosyncline followed that of the eugeosyncline 
and probably occurred in the Ja test D evonia n a nd /or Miss issippia n. 

1 Biotite from a gneiss in the Cape Columbia - Cape Aldr ich a rea yield ed an ana lyti ca l age of 445 ± 18 
m.y. (Frisch, 1967). This age may indicate a reheating of the Cape Co lum bia Co mplex in the Ordovician. 
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Tertiary Orogeny 

The Carboniferous a nd you nger strata, as well as the underlying rocks, were 
fo lded a nd fa ulted by a n orogeny that probably occurred in the Tertiary (Thorsteinsson 
a nd Tozer, 1960). On the Hazen Plateau, the yo ungest strata involved are Oligocene 
or Miocene (map-unit 15C of Christie, 1964 ; see Trettin, 1968, Fig. 1). 

Structural Features and Their Ages 

Styles of Folding 

The rocks of map-unit l a nd the sedimentary and tuffaceous trata of map-unit 2 
have a pronounced schi stosity or axial plane cleavage. The geometry of the folds 
formed by these rocks has not been studied in the present area, but prevailing st ruc
tural theory (e.g., Whitten, 1966) recognizes that rocks with such schistosity o r cleavage 
generally form "similar folds" or "slip folds," produced by differential slippage on 
planes that are subparallel or parallel with the axial planes of the folds. These struc
tures are Middle Ordovician and /or older as they occur only in pre-Wildernessian 
units. 

The fold s in the vo lcanic flows of map-unit 2 and in the Middle Ordovician to 
Pennsylvanian strata, on the other hand, are "co ncentric fo lds" and originated by 
flexure combined with differential slippage a long bedding planes. This is inferred from 
a few cross-sections exposed on the coasts of M'Clintock Inlet, and from the general 
absence of a well-developed axial plane cleavage. The concentric fo lds are formed in 
Middle Ordovicia n or older to Permian rocks and are Middle Ordovician (?), Late 
Silurian to Middle Pennsylvanian , a nd Tertiary in age. The Tertiary fo lds are 
commo nl y broad and open. 

Trends a nd Plunges 

The area mapped is characterized by two sets of fold axes that lie approximately 
at right a ngles: one so utherl y a nd the other easte rl y. 

Southwesterly to so utheaste rl y trending folds predominate in the northwestern 
a nd central western pa rts of the a rea. From airph oto interpretation it appears that 
these trends a lso characterize the adjacent area to the west. The folds north of Eging
wah Creek plunge gently in southerl y directions ; south of the creek, t he axes are 
approxi mate ly horizonta l. In the eastern a nd southern pa rts of the area, the folds 
trend mainly east-west a nd plunge gently in both directions . 

Easterl y a nd southerl y trending stra ta intersect abruptly on the northeastern 
slope of Mount Ayles where their contacts are faulted, and about 8 miles so uthwest 
of the head of Ayles F io rd (Figs. 10 a nd 13). The cha nge in trend is gradua l at the 
southwest side of M oun t Ayles, where the fold axes swing arou nd from southerly to 
easterly directions. 

Both easterl y and so utherl y trends were estab li shed in the M'Clintock region prior 
to the late Middle Ordovician. The pre-Wildernessian age of the southerly trends is 
a ppa rent on Bromley Jsla nd , where so uth-trending dykes are unco nfo rmably overlain 
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FIGURE 10. Ve rtical aerial view a f th e re gian sauth of th e hea d o f Ayl es Fio rd shows intersecHon of southerly and 
ea sterl y trend •. The fold s o re form ed in carbonates of M iddle Ordovician og e or older. 
(Spartan A1669 0- 116, 11 7) 
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by nearl y hori zonta l beds of the Cape Discovery Forma tion : the pre-Wildernessia n 
age of the easterl y trend s is apparent on the small isla nd nea r the head of M 'Clintock 
Inlet where metamorphic rocks of m ap-unit 1 have a n easterl y striking gneissos ity. 

Taconite River Fault Zone 

The Taco nite River fa ul t zo ne is a so uth-trending complex zo ne of fa ulting 
pa rall el with T aco nite Rive r. Faults of thi s zone separate pre-Wil de rness ian st ra ta 
o n the west from la te Middle a nd Upper Ordovicia n stra ta o n the east. 

Numero us thrust (?) fa ul ts that fo rm low a ngles with bedding surfaces are 
present so utheast a nd east of Bromley Isla nd a nd in the vicinity of Taconi te Inlet. 
So uthwest of Taconi te Inlet the fa ults a re confined to ma p-uni t 2 (Fig. 15), bu t no rth 
a nd east of the inlet sli ces of map-unit 2 a re interca la ted wi th sli ces of the Cape 
Di scovery a nd Taco nite Ri ve r F ormations. So uthwest o f Taco ni te Inlet the fa ul t 
planes dip mainly so uthwest, which sugges ts tectonic transpo rt to the nor theast; 
no rtheast of the inlet they a re fo lded a nd dip in va rious directions. 

A high-angle reverse fa ult sepa rates ma p-unit 2 from the Taco nite Ri ver Forma
tion east of Taco nite River. The fa ult seems to be a thrust, but co uld a lso be a n 
o rigina ll y eas t-dipping normal fault ro ta ted northeastwa rd so that it now dips wes t. 
because fold s north of Egingwah Creek a re ove rturned in that directio n. 

About 7 miles south of the head of Taco nite Inlet, a n a nti cline fo rmed in the 
Ayles F o rmation is truncated by a co mplex fault tha t p ro ba bly had both strike-slip 
a nd dip-slip (terminology fro m D ennis, 1967) movement. D extra l strike-slip is 
inferred from the S-shape of the a nticlinal ax is, which suggests southward drag on 
the eas t side. Dip-slip with rela ti ve uplift of the wes tern bl ock is inferred fro m the 
a bsence of the Ayles Formatio n west of the fa ul t where onl y Middle Ordovicia n a nd 
o lder rocks a nd some Pennsylva nia n outl ie rs a re exposed . 

Structural Trough between Zebra Cliffs a nd Oobl ooya h Creek 

A co mplex, eas t-west trending structura l trough, m ostl y bounded by faul ts, i 
present o n both sides of M 'Clintock 1 nl et between Zebra C li ffs a nd Ooblooyah 
Creek. This structure in vo lves ma inly Pennsylvania n rocks a nd is proba bly of 
Terti a ry age . 

On the east side of the inlet thi s trough may be divided in three structura l zo ne , 
cha racteri zed fro m north to so uth as fo ll ows: (J ) N o rthwest of Crash Point, there 
is a belt o f normal fa ul ting. T wo complex min or grabens a re present, bu t the overa ll 
resul t of the fa ulting is a down-stepping fro m north to south . (2) East a nd southeast 
of Crash Point, the norma l fa ul ting passes into chaoti c fo lding and fa ulting m ainly 
in m ap-unit JO. Coaly sha les of m a p-uni t JO a re there overl ain by a n iso lated, rela
tively sma ll fa ul t block of map-uni t 14. The fault contact between ma p-units 10 
a nd 14 cuts across the stra ti fica ti on of ma p-uni t 14, bu t is sub para llel with the st ra t
ifi ca tion of ma p-uni t 10. o other expla na ti o n seems poss ible tha n that thi s " rootless" 
bl ock a tta ined its present pos iti on by gravita tio na l sliding. Jn the a rea immediately 
to the north the fault bl ocks step down from no rth to south so it is sugges ted tha t 
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the block slid in that direction. Evidence obtained by a brief reconnaissance sug
gested that other gravity slides may be present in this zone, and that coaly shales 
of map-unit 10 general ly form the footwalls of these structures. (3) The zone of 
chaotic folding and faulting is bordered on the south by two anticlines with an 
intervening syncline (Fig. 9), formed mainly in the evaporites of map-unit 11. The 
syncli ne, which is broad a nd open, marks the axis of the st ructural trough. South 
of the third zone, the base of the Pennsylvanian succession rises from below sea
level to a ltitudes of more than 3,000 feet. This rise cannot be explained entirely 
by the northerly dip ; a major fault may be present in the drift-covered area about 
8 miles southeast of Crash Point. 

The structure on the west side of the inlet, where a major graben borders the 
ultrabasic pluton on the north , is diagrammatically represented in cross-section 
A-A' (Fig. 15). 

Structural High Northwest of Ooblooyah Creek 

The ultrabasic pluton northwest of Ooblooyah Creek forms a structural high 
that is bounded by faults on the north , south, and west. The northern contact, which 
was examined closely, is a normal fault. Middle Pennsylvanian strata that uncon
formably overlie the pluton on the east and southwest dip away from it at low to 
intermediate angles (see Frontispiece). This structural etting suggests that most 
upward movement occurred prior to the Middle Pennsylvanian, although so me 
occurred at a later time, probably during the Tertiary orogeny. 

Low-angle Faults at the Head of M 'Clintock Inlet 

Around the upper part of M 'Clintock Inlet, lower Paleozoic carbonates overlie 
metamorphic rocks of map-unit 1. The contact between these two units is exposed 
on the west side of the inlet, near locality 3, where it is a south-dipping fault that 
forms low angles with the stratification of the carbonates. The carbonates, which 
are transected by many thrust faults (Fig. 7) repre ent mainly member B of the 
Ayles Formation (see Ayles Formation, age and correlation), but probably also the 
Marvin Formation (see Marvin Formation). The faulting probably occurred prior 
to the Middle Pennsylvanian because in this region Middle Pennsylvanian red beds 
rest unconforrnably on both the lower Paleozoic carbonates and map-unit J. They 
are not preserved in the vicinity of the fault itself, but probably overlaid it prior 
to their removal by Pleistocene or Recent erosion. 

Significance of Intersecting Trends 

The presence of two sets of structu ral trends which are nearly perpendicular 
to each other is an unusual feature that requires an interpretation. 

Easterly Trends 

The easterly structural trends conform with the predominant structural grain 
of northern Ellesmere Island . They are aligned with gneissic trends in the Cape 
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Columbia a rea (see Christie, 1964, Geological Map), and they are subpara llel with 
Tertiary thrusts at the head of Tanquary Fiord , due south of the M'Clintock area 
(Fig. 12). These trends reflect the orientation of the stress field that dominated the 
structural history of the northern Ellesmere Island throughout the geologica l record . 
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Relationships of Southerly Trending Structures with Lomonosov Ridge 

The south-trending st ructures line up with the extreme southeastern fl a nk of 
the Lom onosov Ridge (Figs. 12, 13). This probably is not accidental , but suggests 
some kind of structural continuity, a view supported by three lines of evidence. 

I. Morphol ogical studies by Dietz and Shumway (1961) indicated that the 
Lomonosov Ridge was not constructed by vo lca nic processes but by structural 
deforma tion . The overall to pographic simplicity, slope convexity, a nd slight asym
metry of the ridge suggested to these a uthors that it represents a la rge fa ult block 
or overturned geanticline. 

2. Aeromagnetic studies of the North America n half of the ridge showed that 
the region between about 85° latitude and the Pole i characterized by isola ted linear 
magnetic a noma lies that conform with the topographic trend of the ridge (Fig. 11). 
These anomalies proba bly represent the structural trend of vertical or inclined 
sheets of vo lcanics or rocks of similar magnetic susceptibility (King, et al. , 1966).1 

lit has been pointed out to the writer- by a n unknown n:iviewer of a manuscript deal in g with the 
Lomonosov Ridge- that these inferences a re based on widely spaced flights, and that more detai led studies 
wo uld be necessa ry to prove the pa ra lleli sm of magnetic anoma li es and topography. 

69 



ORDOVICIAN TO PENNSYLVANIAN ROCKS, M'C LlNTOCK I NLET 

3. The structural trends in the New Siberian Island s, as those in the M'Clintock 
area, line up with the Lomonosov Ridge (see Fig. 11). 

The following summary of evidence presented in the preceding chapters in
dicates that areas continuous with the Lomonosov Ridge were elevated relative to 
areas on the east during two Paleozoic orogenies. 

1. The elastic sediments in members A and B of the Cape Discovery Formation 
were derived from a nearby westerly or northwesterl y up land source (Fig. 2) which 
occupied the present site of the Lomonosov Ridge on the continental shelf. 

2. During the Late Silurian - Midd le Pennsylvanian interval , the terrain west 
of the Taconite River fau lt zo ne was elevated relative to the terrain on the east. 

The Lomonosov Ridge as a physiographic feature, however, dies out on the 
coast of Ellesmere Is land , and there is no evidence of a relative uplift of the south
trending belt in post-Middle Pennsylvanian time. This implies either that the present 
Lomonosov Ridge dates back to Middle Pennsylvanian or earlier time, or that 
the movements which produced it were younger and were confined to the ocean. 
Profound changes have occurred in the lands around the Arctic Ocea n since Penn
sylvanian time, and the Arctic Ocean itself has been affected by Cenozoic rifting 
(Johnson and Heezen, 1967) ; therefore, the second a lternative is probable. The 
movements that elevated the present Lomonosov Ridge relative to the ocean basins 
on either side, however, were probably guided by pre-existing bedding attitudes and 
ancient zones of weakness (such as the Taconite River fault zone) that extend to the 
land and account for the alignment of the structures on land with the bathymetric 
contours and magnetic anomalies in the ocean.I 

IThe Russian geologists have generall y held that the Lomonosov Ridge is underlain by continental 
crust and that some form or st ructural con nection ex ists between Siberia and northern Ellesmere Island , 
although the specific tectonic interpretations have va ried wide ly. The present consen sus is probably expressed 
in Atlasov, I. P., Egia1arov, B. Kh. , Dibner, V. D. , Romanic h, B. S., Zimk in , A. V. , Vakar, V. A., Demcnit s
kaya, R . M., Levin , D. V. , Karasik , A. M., H akkel, Ya. Ya., and Li tv in , V. M. : Tectonic map o f the Arctic 
and Subarctic; Communications Scientifiques presentees a la Commission de la Carte Geologique du Monde, 
pp . 121 - 128. Paris, 1966. The Lomonosov Rid ge, previo usly considered a Mesozoic fo ld belt, is here pictured 
as part of an extensive "early Caledonian" orogenic sys tem that al so includes the Caledonian fold belts of 
Cornwallis Island and northern Axel Heiberg Island . The Caledonian s.s. isotope ages reported by Frisch 
(1967) and the present writer from northern Ellesmere Island are co mpat ible with this view, as are the 
inferred Middle Ordovician movements in the M'Clintock Inlet a rea. 

The leading Russian geophysica l experts on the Arctic Ocean have recentl y proposed that the Lomo
nosov Ridge has a "subcontinental" crust, i.e., a relatively thin co ntinental crust composed mainly of the 
"granitic" layer, the sed imenta ry layer being th in or absent (Demenitskaya, R. M. , Karas ik, A . M., Ki selev, 
Ju . G., Litvinenko , I. V., and Ushakov, S. A.: The transition zo ne between the Eurasian continent and the 
Arctic Ocean ; Can. J. Earth Sci., vol. 5, pp . 1125- 1129). Thi s hypothesi s is not incompa tible with the con
clusion , reached in the present study, that the Lomonosov Ridge, or a part of it, was elevated repeatedly in 
the early and middle Paleozoic. These uplifts seem to have resulted in rel a tivel y deep erosion and in the 
exposu re at the surface of metamorphic rocks. The subsequent record of the Lomonosov region, however, is 
unknown ; the possibility, for example, that upper Pa leozoic to Tertiary sediments accumula ted there 
cannot be dismissed. 

North American views have been more varied. N . A. Ostenso, the lead in g North American geophys ical 
investigator of thi s regio n stated in 1966: " . .. Soviet investigators a rgue that the Lomonosov Ri dge is a 
sed imentary structure folded during Mesozoic time ; ... bathymetric profiles across the Alpha Cordillera 
suggest that it is a ho rsted section of the oceanic crust ... Magnet ic data supports both these theories " 
(The structure of the Arctic Ocean Basin ; New York A cad. Sci ., Ser. ll , vol. 28, pp. 975- 980, see p. 978). 
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The Zone of Structural Intersection ; a Site of Repeated Crustal Extension 

Two major feat ures mark the zone in which southerly a nd easterly trends inter
sect; the Ea rl y Devonian or o lder ultrabasic pluton, a nd the structural trough de
scribed a bove. The pluton was p ro bably emplaced along a deep-reaching tension 
fract ure, and the trough, whjch loca ll y forms a graben (see above), is also indicative 
of crusta l extension. Another ult ra basic pluton similar to the Ooblooyah Creek 
body was discovered by T. 0 . Frisch east of M 'Clintock Inlet and the present map
area in 1967 (Frisch, 1967). 

Some Paleogeographic and Tectonic Inferences from the Middle 
Ordovician to Late Silurian Tectonic Record 

Rate of Subsidence 

During the Wildernessian to Ludlovian interval, which is not completely rep
re ented, more than 14,600 fee t of strata was deposited, a nd during the Wildernessia n 
to Ricbmondian part a lone, more tha n 12,600 feet. These figures indicate high rate 
of subsidence a nd deposition, i.e., t rul y geosynclinal cond it ions. 

Paleobathymetry 

The inferred depositiona l environments show a con siderable range in dep th . 
These may be assigned (Fig. 14, " Bathymetry") to four levels, as fo ll ows: (1) non
marine environments represented by a regolith and by flu via l sed iments; (2) shallow
water marine environments represented by unfossilifero us carbonates typical of 
evaporitic assemblages, a nd by interbedded red bed s and ca rbonates; (3) shelf environ
ments characterized by carbonates with benthonic fauna s; (4) environments below 
shelf edge represented by a rgillaceous carbonates with gra ptolites a nd by turbidites . 

The resulting curve of depth of water ve rsus st ratigraphic position a nd time 
shows that shall ow marine a nd shelf conditions prevailed. There were, however, two 
episodes of non-marine deposition coi nciding with uplifts in the source area: the 
fi rst in the Wilderness ia n a nd the second in the Richm ondian; a nd there was one 
episode of deep submergence in the Richmondian a nd Ll a nd ove ri an . 

Clastic Sedimentation 

Uplifts of the Source Area and Changes in its Composition 

E pisodes during which the sou rce area was high are inferred from sandstones 
a nd conglomerates in the st rat igraphic column of the M 'Clin tock area (Fig. 14, solid 
lines), a nd a lso from impure carbonates (dotted line) that are probably shelf equiv
alents of near-shore and non-marine elastic sediments. 

The composition of the source region, shown in the last column of Fig. 14, was 
deduced in the foll owing ma nner from the 22 point coun t a na lyses given in Tables 
III to VJ. T he ca rbonate fraction of these speci mens is considered to have been 
derived from contempora neous marine sediments. The silicate fraction was assigned 
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to two genetic groups; one, characterized by volcanic rock fragments, chlorite and 
chert, is comparable to map-unit 2; the other, characterized by muscovite and frag
ments of phyllite and schist, is referable to map-unit l. Quartz and feldspar, which 
are less diagnostic, were assigned to these two groups according to their volcanic or 
non-volcanic characteristics, and acco rding to the relative abundances of the more 
diagnostic fragments. The results obtained are not numerically significant, but they 
demonstrate that in the course of late Middle Ordovician to Late Silurian time 
metamorphic and plutonic rocks became gradually more widely exposed in the 
source area. This suggests that the older suite of rocks became progressively denuded 
in the source area as a result of repeated uplifts. (See Pls. I and II.) 

Location of Source Area 

Lithofacies and paleocurrent studies lead to the conclusion that the Middle 
Ordovician to Late Silurian elastic sediments were derived from terrains in the region 
now occupied by the Arctic Ocean . In several cases the coarseness of the debris 
suggests a nearby source. The Wildernessian strata probably came from an ancestral 
Lomonosov Ridge, but other units probably had more easterly sources. 

The provenance of some Ordovician and Silurian units is briefly reviewed below. 
The source of the elastic sed iments in members A and B of the Cape Discovery 

Formation probably Jay a short di stance west or northwest of the unnamed cape 
west of Bromley Island, where coarse boulder- conglomerate occurs in the basal 
strata of the formation (Fig. 2). 

Boulder- and cobble- conglomerates of the Taconite River Formation are 
mostly confined to the area between Egingwah Creek and Borup Point (Fig. 2). The 
largest clasts seen, boulders up to 2 feet in diameter, occur in the northernmost out
crops examined, which suggests that their source was nea rby and lay to the north 
or northwest. 

The Imina Formation is too poorly exposed in the M'Clintock region for satis
factory paleocurrent studies. An extensive study of sole markings on turbidites of 
the Hazen Plateau (Trettin, 1968), however, suggests that the sediments there were 
derived from northwesterly sources. The average direction of transverse transporta
tion inferred from 625 readings at eight stations between Alert and Tanquary Fiord 
is 146 degrees (reference meridian 76°W). In the M'Clintock region, this average 
direction is approximately parallel with the west coast of M'Clintock Inlet between 
Murphy Point and Zebra Cliffs. It is remarkably close to the mean paleocurrent 
direction of map-unit JOA at locality 43, determined as 144° ± 140 on the basis of 
14 readings. 

Volcanism 

Volcanic rocks are restricted to map-unit 2, the Cape Discovery Formation, 
a nd the M'Clintock Formation- all units that are stratigraphically close to the sub
Wildernessian unconformity (Fig. 14); this suggests that the volcanism was the result 
of crustal instability preceding and following the inferred Middle Ordovician (?) 
orogeny. It is possible that the volcanism was a surface expression of contemporaneous 
granitic intrusion at depth because the rocks are acidic to intermediate in composition. 
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PLATE I 

Photomicrogrophs of elastic 
particles and their presumed 
sources: quartz, quartzite, 
cherts, mica . 

Note: 
bar, 0.1 mm long, 
indicates scale. 

1. Part of detrital chert grain showing inclusion-free spheroidal nod ul es that are possibly of radiolarian origin ; 
pebble·conglomerate at the base of the Cape Discovery Formation, member A; ordinary light. (HPT-68 -L3) 

2. The same grain under crossed nicol prisms. (HPT-68-L4) 

3. Detrital grain of schistose quartzite ; map-unit 9C; nicol pri sms crossed. (H PT-68- L7A) 

4 . Detrital quartz grain. Euhedral habit, clearness, an d association with acidic volcanic rock fragments suggest 
that the quartz is of volcanic origin; Cape Discovery Formation, memb er D; nicol pri sms crossed. (HPT-68-L16) 

5. Microphenocryst of quartz in acidic keratophyre of map-unit 2V. Acidic keratophyres of pre-Wildernessian 
age were probably the source of th e volcanic quartz in the Ordovician and Siluria n sandstones. Nicol prism s 
crossed. (HPT-68-Lll) 

6 . Detrital quartz grain showing und ulose extinction; lm ina Formation ; nicol prisms crossed. (HPT-68 -Lll) 

7. Detrital muscovite and biotite; map-unit 9C; ordinary light. (HPT-68 -L5C) 
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PLATE II 

Photomicrographs of elastic 
particles ond their presumed 
sources; feldspar, volcanic rock 
fragment, carbonate . 

Note: bar, 0.1 mm long, 
indicates sca le. 

1. Detrital albite showing 001 cleavage and negative extinction; lmino Forma tion; nicol prisms crossed. (HPT-68 
-LBA) 

2. Detrital microperthite; !mine Formation; nicol prisms crosse d. (HPT-68-L9) 
3. Detrital microcline; !mine Formation; nicol pri sms crossed. (HPT-68-L27) 
4 . Detritol olbite showing "chess board" twinning, and volcanic rock fragment of intermediate composition ; 

!mine Formation; nicol pri sms crossed. (HPT-68-LlO) 
5. Microperthite microphenocry st in keratophyre breccia of map-uni t 2A. Acidic to intermediate keratophyres 

of pre-Wildernession age ore th e probable source of most fe ldspar in the Ordovicia n and Silurian san d stones. 
Nico l prisms crossed. (HPT-68-L36) 

6. Echinoderm columnol in pebb le-conglomerate of th e !mine Formation; ordinary light. (HPT-68-L24) 
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APPENDICES 



APPENDIX 1: Terms Used to Indicate the Size Ranges of Carbonate Crystals 

The grades disti nguished correspond to the Wentworth sca le, and the nomenclatu re used has 
been adapted from Leighton and Pendexter (1962) and Drummo nd (1963). In this nomenclature, 
carbonate grains of sa nd size a re descr ibed in terms of sand grades (i.e. as fi ne, medium, coarse, 
etc.), those of silt size are termed microcrystalline, a nd those of clay size, cryptocrysta lline. Altho ugh 
the so-ca lled cryptocrysta lline gra ins a re visible in thi n sectio n under the highes t power o bjective, 
the term cryp tocrys talline seems justified as optical tests cannot be made o n these crystals. 
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2- 1 mm.... .............. ... ... ..... . . .................. very coarsely crystal line 
1- 0.5 mm .. ... ... ...... ............ .......... ...... . ..... coarsely crystalline 
0.5- 0.25 mm ..... .. .............. medium crysta lline 
0.25- 0.l 2 mm ....... .. finely crysta lline 
0.12- 0.06 mm ........................................................................ ve ry fin ely crysta lline 

0.06- 0.004 mm ................ microcrysta lline 
0.06-0.03 mm .. ....... .. .......... . .... ............... . ............................... coarsely microcrysta lline 
0.03-0.004 mm ....................................................... fi nely microcrystalline 

0.004 mm or less. ... .... cryptocrysta 11 ine 

APPENDIX 2 : Terms Used to Indicate the Thickness of Strata 

(after M cKee and Weir, 1953) 

Thi ck ness greater than 120 cm .. . ... very thick bedded 
120--60 cm .................................................... . .................. . ............. thick bedded 
60--5 cm .. .... thin bedded 
5- 1 cm ..... . very thin bedded 
I cm- 2 mm.. . ............ lamina ted 
2 mm or less.. .. ... ...... . . .... . ....... .. thinly laminated 



APPENDJX 3: Chemical Analyses 

(by S. Cour ville) 

Accuracy 

J . A. Maxwell , head of the Analytica l Chemistry Section of the Geological Survey, states that 
the confidence limits of the rapid method chemica l ana lyses are as follows: 

(a) determi11ed simu/ta11eo11s/y by X-ray f/11oresce11ce spectroscopy 

Si02(30-75 %) 

(8 1% ) 

Al20 3 (up to 20%) 
Tota l Fe as 

Fe20 3 (up to 15%) 
Cao (up to 40%) 
MgO (up to 40%) 

K 10 (up to 5%) 

Ti02 (up to 2%) 

MnO (up to l %) 

(b) determi11ed separately by clzemica/ 111ethodi 

FeO (up to 15%) 

Na20 (up to JO%) 

P20 s (up to l %) 

C02 

H10 (tota l) 

1 standard devia tion 

± I .2% in the reported value 

± 1.2% 

± 0.7% 

± 0.5% 

± 0.3% 
± 1.0% 

± 0.1 % 
± 0.05% 
± 0.02% 

2 standard devia tions 

± 0.2% in the reported value 

± 0.1 5% 
± 0.04% 
± 0.1% 

± 0.1% 
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TABLE I Map-1111it 2. Chemical composition of volca11ic flow rocks (2 specimens) 

Current No . 
Ana lysis No . 

F ield No. 

Si02 
Ti02 
Al20 3 

Fe20 3 
FeO 

MnO 

M gO 

Cao 
Na20 
K zO 

H20 
P 20 5 

C02 

Speci111e11 i. From locality 4 (Fig. 15). 

Spee. l 
66-35-860 

Tm-65 -220b 

3 

81.0 
0 .26 
7. 1 
1.5 
0 .9 
0.08 
0 .9 
0.3 
1.6 
5.9 
0 .9 
0 .03 
0 .5 

101 .0 

Spee. 2 
66-35-861 

Tm-65-H-21 

3 

69.9 
0 .56 

10 . l 
5.9 
]. l 

0 .26 
3 .4 

l.5 
3.3 
1.9 
2.3 
0 .07 
0.9 

101 .2 

Macroscopic: a grey ish red to moderate red weathering, aphanitic- po rphyritic rock with phenocrysts 
up to about 3 mm . 
Microscopic: the phenocrys ts a re K-feldspar (sanidine not represented), microperthi te, a nd sodic plagio
clase. The gro und mass is microfel sitic, a nd shows some argil lic a nd ca lca reous a lteration. 

Speci111e11 2. Fro m loca lity 6. 
Macroscopic: a pale and 1.i ght grey, laminated, aph anitic roc k. 
Microscopic: a cryptocrystalli ne, fe lsitic grou ndmass contains microphenocrysts of quartz and fe ldspar 
up to about 120 microns in size, a nd " iron ore." rn the pale red laye rs, the ground mass is masked by iron 
oxide coating. Most fe ldspar is sodic plagioclase, but so me K-feldspar may be presen t. 
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T A BLE lI M'C/imock For111atio11. Che111ical co111positio11 of volca11ic flow rocks (2 specimens) 

Cu rrent N o. 
A na lys is N o. 

F ield No. 

Si02 

Ti02 

Al20 3 
Fe20 3 
F eO 

MnO 

M gO 

cao 
Na20 
K zO 

H20 
P20s 

C02 

I 
66-35-863 

Trn-65-F-61 

% 

64 .3 
0 .88 

14 .6 
3.2 
2.1 
0 . 10 
2.2 
1. 9 
6.5 
0.1 
1.8 
0. 25 
1. 1 

99 .3 

Specimen I. Fro m the basa l strata of me mber A a l loca lity 16. 
M acroscopic: a pa le red to greyish red weathering, aph anit ic-porphyritic fl ow rock. 

2 
66-35-862 

Trn-65-2c- l 

% 

56.4 
0.72 

17.5 
3.8 
3 .4 
0.09 
4.4 
0.8 
3.2 
5. I 
3.5 
0.23 
0. J 

99.0 

Microsco pic: phenocrys ts of fe ldspar, chlori tc, and " iron o re." MosL feldspa r is sod ic p lagioclase, zo ned 
from ca lcic o ligoc lase to sodic al bite, which is much sericit i?ed, and has inclus ions of apatite. Chlo rite and 
" iron ore" arc pscudomo rphous a fte r pyroxene or a mphibo le, and poss ib ly after biot ite. The ground mass 
consists of feld spar, mai nl y micro lites of sodic plag iocl ase, chlorite, " iron o re," and minor amounts of 
quartz. 

Specimen 2. From member A at local ity 17. 
Macroscopic: a pale brown weathering, aphan iti c-porphyrit ic fl ow brcccia. 
Microscopic: most phenocrys ts arc of fe ldspar and a few of chlorite. T he feldspar is main ly sodic plagio
clase, and i partly skeletal. Some gra ins a re zo ned from o ligoc lase to a lbite. Only a mi nor fract ion of K 
feldspar was detec ted, which partl y mant les the plagioclase. The ground mass consists of feldspar, chlorite, 
and cryp tocrysta ll ine phyllosilica tes, and is a ltered to mi nor extent by carbonate. 
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APPE DJX 4: Petrographic Analyse 

Accuracy of Point Count Results 

The standard deviation of the point count results is given by the followi ng formula (van der 
Plas and Tobi , 1965): 

where p equals the real content of the mineral in per cent by volu me and n the total number 
of points counted . 

Thi s means that the estimate will lie between +u and -u in 68 out of J 00 cases, and between 
+ 2u and - 2u in 95 out of JOO. Jn the following table the va lues of 2u, and thus the confidence 
limits at the 95 per cent confidence level, are listed for various va lues of p a nd n. 

These confidence limits, however, a pply only under the fo llowing condit ions: 

.I. The distance bet ween the points a nalyzed must be larger than the largest mineral gra ins. 
The point di stance used is 0.3 6 mm ; so this condition is no t fulfilled in the case of some mediurn
gra ined a nd a ll coarser grained sandstones a nd igneou intrusions. 

2. The types 0f fragments counted must be distributed randomly throughout the section . Thi s 
is general ly so, with the exception o r a few laminated sandstones, in which the opaque minerals arc 
concentrated in thin laye rs. 

3. The identification of the minerals must be correc t. Generally, the opera tor·s error is in
signi ficant; however, the following pairs of fragment s were difficult to di stinguish and are subject 
to significant errors: chert and microfel site ; highly altered feld spar and a rgil laceous rock frag
ment> ; and, to lesser extent , qua rt z a nd untwinned, metamorph ic fe ld spar (Table YI). Where argil
laceous material is assoc ia ted with carbonate, it is genera ll y masked by the carbonate beca use of 
the much higher birefringence of ca lc ite a nd dolomite. ln thi s case, onl y ana lysis by acid leaching 
gives a reliable esti mate of carbonate. 

Values of 2u 

p n = 200 n = 300 n = 400 n = 500 n =600 

% % % % % % 

2; 98 I .98 1.62 1.40 I .25 J . 14 
5; 95 3. I 2.5 2.0 I. 9 J. 8 

10 ; 90 4.2 3 .5 3.0 2.7 2.4 
15 ; 85 5.0 4.1 3.6 3.2 2 .9 
20; 80 5. 7 4 .6 4.0 3 .6 3.3 
25 ; 75 6.1 5.0 4.3 3.9 3.5 
30; 70 6.5 5 .3 4.6 4 . .1 3.7 
40; 60 6.9 5.7 4.9 4 .4 4.0 
50 7. I 5.8 5.0 4 .5 4.1 
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TABLE III 

Field No. 

Volcanic rock 
fragments 

Feldspar 

Quartz 

Chert and /or 
microfelsite 

Cape Discovery Formation, M ember D-Composition and textural features of 
sandstones (3 specimens) 

Composition based on analysis of about 300 points per section 
Locality: 3-4 

Tm-6S-F-43 Tm-65-F-42 

463 403 

18 3S 

3 II 

tr 

Tm-6S-F-SJ 

333 

36 

22 

Muscovite, chlorite tr lr 

Carbonate 

Opaque matter 

R ounding 

Sorting 

Grade 

Cement, matrix 

Colour 

31 

pebbles, coarse sand: 
rounded to sub-
rounded; very fine 
to medium-grained 
sand : subrounded to 
subangular 

mainly good, but 
coa rse sand and 
conglomerate are 
bimodal 

conglomerate, coarse 
sa ndstone, inter
laminated with very 
fi ne grained 
sa ndstone 

iron ox ide and (?) 
quartz 

greyish red to 
moderate red 
SR 4 /2- 5R S /4 

13 

subrounded 

good 

fine-gra ined 
sandstone 

quartz 

greyish red to 
modera le red 
SR 4 /2- SR S /4 

8 

lr 

su brounded to 
suba ngula r 

fair 

medium-grained 
sa ndstone 

muscovite, chlorile 

light olive-grey 

SY S/2 
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TABLE IV Taconite River Formation- Composition of sandstones (6 specimens) 

Com position based on analys is of about 300 points per section 

Field No. I Tm 65-8b-2 Tm 65-A-JO Tm 65-243b Tm 65-243d I Tm 65-A-3 I Tm 65-A-4 

Carbonate 43 3 33 463 93 65 3 853 
and masked 
argillaceous 
matter 

Quartz I 37 23 53 14 JO 

Chert 22 48 3 2 tr tr 

Feldspar 2 3 6 4 9 3 

Vo lcanic rock 
fragments 18 5 JI 5 - -

Chlorite, 
a ltered tuff 9 I 3 3 tr 

Muscovite - tr 8 2 4 2 

Phyllite 4 I 7 -

Sch ist - 4 2 -

Opaque 
matter 1 2 3 JJ 3 tr 

Grade very coarse med ium- to fi ne- to fi ne- very fi ne very fine 
gra ined , coarse- med ium- grai ned to tine- gra ined, 
pebbly gra ined, gra ined grai ned silty 

pebbly 
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TABLE VA lmi11a Formatio11- Compositio11 of sa11dsto11es (7 specimens) 

Composition based on analysis of about 300 points per section 
-------

F ield No. Tm 67-G- l Tm 67-G-2 Tm 65-JOe Tm 67-G-4 Tm 67-G-3 Tm65-G-31 Tm 65-230 

Carbona te 87% 44% 41 % 303 44% 44% 46% 
and masked 
argi ll aceous 
matter 

Quartz 10 9 42 52 42 42 32 

Feldspar I 13 8 6 6 6 10 

Microfelsite 
and chert 
undifferen-
t iated 6 4 2 tr 3 2 

C hert 4 2 7 4 2 tr 

Volcanic 
rock 
fragments 2 21 2 3 2 2 2 

C hlorite 3 tr* tr tr I 4 

Muscovite, 
phyll ite ; 
minor quartz-
muscovite-
chlorite 
schist tr tr* tr 2 tr 3 

Biotite - tr - - lr - tr 

Opaque tr tr tr* lr lr tr I 

Grade medium- medium- fine- to medium- fine- fine- very fi ne 
grai ned gra ined medium- grai ned gra ined grained to fine-

gra ined grained 
I 

*trace amounts add up to 13 
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TABLE VB 
lmina Formation- Grain size parameters and carbonate content of sandstones 

(5 and 4 specimens respectively) 

G rain size pa rameters based o n maximum diameter o f abo u t I 00 grains of quartz, cher t, fe ld
spa r, o r volcanic rock fragments in thin sec ti o n. Grains were selected o n the bas is of a gr id system. 
The thin sectio n pa ra meters have no t been converted to sieve equi valents. 

Carbo na te content established by insoluble res idue a nal ys is. Confidence limits express o ne 
half of the difference between duplicate a nalysis. 

Percen tage of masked ma teria ls o bt a ined by subtractio n o f resul ts o f insolu ble res idue a na lys is 
fro m results of po int count a nalysis. 

I 
Mea n gra in 

I 

Standa rd 

I 
% Carbo-

I 

% Masked 
F ie ld No. size (0) devia ti o n Skewness nate materials 

Tm 65- IOe J .97 ± 0 . 14 0. 85 0 .43 
Tm 67-G4 I . 73± 0 . 15 0. 89 0 .21 30 . J ± 0 .4 0 
Tm 67-G3 2 . 19± 0 . 11 0 . 68 0.03 33. 7 ± J . 7 JO 
Tm 65-G3 I 2 .54± 0 . 12 0. 75 0 .02 35 .4 ± 0.4 9 
Tm 65·230f 3. 07± 0 . JI 0 .68 0 . 21 34 . 8* II 

--

*one ana lysis only 

TABLE VI M arvin Formation and Map-unit 9C- Co111positio11 of sandstones (4 specimens) 

Co mpos it io n based on ana lys is of about 600 poin ts per sectio n 

Fie ld No. Tm 65-238c I T m 66-305a-Dl I Tm 66-305a-E l I T m 66-304-F3 

Uni t Marv in Fm. , Map-unit 9c: M a p-unit 9c : Map-un it 9c: 
Member C section a t b ; sectio n a t b ; sect io n a t b ; 

unit I unit 2 unit 3 

Qua rtz 42% 56% 52% 53 % 

Muscovite, chlo rit e, 
biotite; phyllite, 
schi st 28 18 33 29 

Ca rbo na te a nd masked 
a rgillaceous matter 2 1 14 6 10 

Feldspa r 7 9 7 8 

C hert tr tr tr -

Opaque matter 2 3 2 tr 

G rade fine-grained fi ne-grained fine-grained fine-gra ined 
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TABLE VH Map-1111il JO- Compositio11 of sa11dsto11es (6 speci111e11s) 

Composition based on an alysis of 200 to 300 points per sec tion 

Field 0. Tm 65- l 7a Tm 65-C2 ITm 65- I 6a-4 I Tm 65-34a I Tm 65-20a Tm 65-222c 

Map-unit IOA 108 108 IOC IOC 100 

Quartz, 
quartzite 16 ~;; 66 '7o 76% 37<;; 32% 80% 

Volcanic rock 
fragments, 
chlorite 57 II 2 39 

Carbonate 
a nd masked 
argi llaceous 
matter 6 17 13 26 2 

Metamor-
phics, 
muscovite lr 2 5 15 4 20 

Chert 11 lr tr 6 13 

Feldspar 7 2 2 2 7 

Opaque 
matter 3 2 3 121 3 

Grade coarse- to very fine very fine med ium- medium- very fine 
red ve ry coarse gra ined gra ined grained gra ined grained 

grai ned , 
pebbly 

!This is a specimen or ' red bed' ; much of the opaque material is an iron oxide coating on the sand 
grains. 

91 



TABLE VIII 

Local ity 
I 

Field No. 

Feldspar 

Ratio K-fsp/ 
plagioclase 

Composition 
plagioclase 

Quartz 

H ornblende 

Biotite 

Chlorite 

Actino li te 

Epidote 

Carbonate 

Opaque 

Classification 

92 

Quartz dioritic i11trusio11s north of Oobfooyah Creek ; mode, composition of plagio
cfase, and cfassiftcatio11 (6 specimens) 

Composition based on analys is of about 300 points per section. 
Composition of plagioclase inferred from exti nction angle x' versus 010 in 
sections normal to a. C lassification after Brown, 1952. 

60 I 60 
I 

6 1 61 I 62 62 

Tm 65-206a-I 206a-2 222a-I 222a-2 227g-1 227g-2 

80% 77% 68% 78% 7 1% 72% 

0.3 0.2 0.1 0.2 0 .2 0.2 

An 20-An2s An2rAn37 An 23-An37 An21-An 3s Ano-An9 

4% 8% 23 % 14% 22.5% 21 

7 6 3 2% 

0 .5 I 0.5 chlor itized 0.5 J 

- - 1 .5 3% - -

8.5 8 - - 4 4 

- - l I - -

- - l - - -

- - 2 2 2 2 

Syenodiorite Diorite Quartz Quartz Al bite Al bite 
diorite dior ite gra nite granite 

-
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