
OPEN FILE 3 54 

ANALYSES OF ROCK SPECIMENS FROM THE MIDDLE ORDOVICIAN TO LOWER DEVONIAN 

DEEP-WATER SUCCESSION EAST OF CANON FIORD, ELLESMERE ISLAND 

by H. P. Trettin 

eburgoyn
Block black



CONTENTS 

Introduction 
Page 

1 

Analytical methods . ; ..............•.......... • . . . • . . . . . 1 

X-ray analysis . . . . . . . . . . . . . . . . . . . • . . . . . . . . • . . . . . . . . . 1 

Carbon analysis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . • . 4 

Thin section analysis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5 

Composition .................................. ~... 5 

Size and sorting . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . 6 

References cited . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . • . . . . . . . 7 

Abbreviations in Tables 1 to 3 ...................... . ... .. 8 

Table 1: Carbonate rocks and associated minor claystones 
and siltstones .................................. 15 

TablE 2: Siltstone , slate, and chert ·. . ................. .. 25 

Table 3: Sandstone ... .. .. ; . . • . . . . . . . . . . . . . . . . . . . . • . . . . . . . 44 

Table 4: Hazen Formation, section 1-1; variations in: 
dolomite/dolomite + calcite (in %) (based on 
X-ray diffraction peak height ratios) ... . .. . .. .. 65 

Table 5: Statistical summary of X- ray diffraction, carbon, 
and point count analyses . . . . . . . . . . . . . . . . . . . . • . . . 66 

Table 6: Vertical variations in plagioclase/plagioclase + 
K-feldspar (based on peak heights in whole-
rock X-ray diffractograms) . . . . . . . . . . . . . . . . . . . . . . 71 

Table 7: Notes on stratigraphic sections ............. . ... 72 

Figure 1: Location of sections . . . . . . . . . . . . . . . . . . . . . . . . . . . . to follow page 1 

Figure 2: Typical X-ray diffractograrn ................•.... to follow page 2 



INTRODUCTION 

This report tabulates the results of analyses mad e on a total 

of 238 rock specimens from a Middle Ordovician to Lower Devonian 

succession east of Canon Fiord, Ellesmere Island . The specimens 

are mainly from deep-water sediments of Hazen, Cape Phillips, Imina, 

and Eids Formations but some are from carbonate buildups of the un

divided Allen Bay and Read Bay Formations . The location of the sampled 

sections is shown in Figure 1 and age and thickness of the sections are 

given in Table 7. -The analytical work consisted of quantitative and 

non-quantitative petrographic observations;semiquantitative determinations 

of mineral content by the whole- rock X-ray diffraction technique, 

and some determinations of carbon content by induction furnace. 

Analytical results on individual specimens are listed in Tables 1 to 

4, and statistical summaries are given in Tables 5 and 6 . The present 

report supplements a stratigraphic report (Trettin, in pres s ) in 

which the observations are interpreted geologically . Tables 1 to 

4 of the present report are not included i n Trettin , in press. The 

rock specimens can be inspected at the Geological Survey of Canada, 

Institute of Sedimentary and Petroleum Geology, 3303- 33rd Street, N.W., 

Calgary, Alberta, where they are curated . 

Analytical methods 

X-ray analysis 

Whole-rock X- ray dif fractograms (for values of 2 theta in the 

range 0 to approximately 42 degrees) were prepared for all specimens 

listed. Th~se diffractograms were analyzed as obtained , without 

any additional X-ray work. It was found (Fig. 2) that six minerals 

or mineral groups can be recognized, not only in the present suite but 

also in a much larger suite of analyses on Devonian elastic sediments from 
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west-central Ellesmere Island (Trettin, in prep . ). These minerals 

(or groups . of minerals) are characterized by the following values 

of 2 theta using Cu radiation: 

quartz . . ............. 26.6° 

Plagioclase .......... 28.0°! 

K-feldspar ........... 26.9° to predominantly 27.5° 

. · 11· 8 8°+ mica, 1 1te: ....... . .. -

chlorite, kaolinite .. 12.3° to 12.8° 

calcite .. ..... . ...... 29.4° 

dolomite ...... . ...... 31.0° 

Comments on some of the minerals will be followed by an explanation 

of the methods used for calculating relative abundances. 

Feldspar . Not many plagioclase crystals in the thin sections 

examined were identifiable, but those that could be i dentified were 

all albite~ The calculated peak of low-temperature alb i te is 2t 27.96° 

(Smith, 1974) and the observed peaks are close to that value; precise 

identification of plagioclase composition, however, could not be 

made on the present diffractograrns as the various peaks of the albite-

anorthite series are close to each other . 

The theoretial range for the principal peaks of low-temperature 

K-feldspar is 27 . 46° (low microcline) to 26.92° (low saridine; Smith, 

1974). In the present diffractograrns, the K-feldspar peak generally 

is close to 27.5° (low microcline) . 

Mica and illite . Mica and illite have approximately the same 

principal peak in the vicinity of 8.8° . Thin section study indicates 

that most of this material is muscovite with variable amounts of biotite 
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Figure 2i Typical whole-rock X-ray diffractogram {sandstone in upper 

upper Imina Formation, see Table 3E, # 1).Peaks used in 

compositional analysis are underlined,other peaks in brackets. 
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in some specimens. The presence of illite, however, which is optically 

not identifiable, cannot be excluded . 

Chlorite and kaolinite ~ The principal peaks of chlorite occur 

in the ranges approximately 6.0 to 6.5° and 12.3 to 12.8°,and the 

principal peak of kaolinite is close to 12 . 4° . Because of this 

overlap it is impossible to distinguish kaolinite from chlorite 

without applying other techniques. In the present case , it can only 

be stated that much of the material producing the 12.3° to 12.8° peak 

is chlorite because the characteristic 6.0 to 6 . 5° peak has invariably 

been observed where the (much higher) 12 . 3 to 12.8° peak is developed. 

The chlorite also is identifiable in thin section although it is 

masked, to some extent, by calcite and dolomite because of the higher 

birefringeance of these minerals . 

Calculation of percentages. The values listed for individual 

minerals or groups of minerals express the height of the principal 

peak of that mineral (or group of minerals) as percentage of the 

sum of the principal peak heights of all minerals listed. This 

value is related to the relative abundance of the mineral but 

not equal to it . 

Where the peaks were truncated by the margin of the recording 

paper, they were projected graphically onto an additional sheet . 

Analyses containing an extrapolated value have been incorporated in 

the present report (the extrapolated mineral there is marked by an 

"X") but have not been used in the statistical summaries presented 

i n Trettin, in press, except f or ratios of mineral pairs that were 
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not invalidated by the extrapolation . If a quartz peak has been 

projected, for example, all other mineral percentages have been 

discarded because they are affected by the quartz value, but the 

two ratios: plagioclase/plagioclase + K-feldspar and dolomite/dolomite + 

calcite have been retained. 

The mineral ratios given are based on the original peak 

height measurements and not on the rounded-off percentages for the 

minerals involved listed in the Open File report . The difference 

between the two types of calculation is considerable where the 

absolute values are small . These ratios are stated as per cent with 

two significant figures, but the precision is only in the order of 

one significant figure where the absolute values are small (i.e. 

in the order of a few per cent). In the case of the feldspar and 

carbonate minerals, the ratios obtained from the X-ray diffractograms 

are probably close to the true values; in the case of the feldspar/ 

feldspar + quartz ratio, however, the calculated value is significantly 

greater than the true value. Bayliss et al. (1970), for example, used 

a conversion factor of 2:1 for quart z:feldspar; that factor, however, 

is not applicable here because they used only one feldspar peak (instead 

of two). 

Carbon analysis 

Percentages of mineralic carbon, and, where present in significant 

amounts, of organic carbon, were established by the Leco induction 

furnace method . Percentages of calcite and dolomite were then calculated 

assuming (a) that all mineralic carbon is contained in these two 
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minerals, and (b) that their ratio is given by the X-ray peak height 

ratio with a small correction established by Royse et al . (1971) added. 

Thin section analysis 

Composition 

Compositional analysis was carried out either by visual 

estimate, in conjunction with the X-ray data, or by point counting. 

In the visual estimates only major groups of percentages are indicated 

(i.e. less than 1%, 1-5%, 6-20%, 21-50%, 51-100%) . Wherever point 

count analyses subsequently were made of the same thin sections the 

estimates were found to be reliable within the limits stated. 

Point counts were limited to identifiable grains, all the highly 

altered materials that constitute the "pseudomatrix" being excluded 

(see Imina Formation, Lithology, in Trettin , in press) . These results, 

therefore, give greater percentages of unaltered materials suer as 

quart z and chert, and lesser percentages of altered or crushed 

materials such as unstable feldspar and rock fragments than actually 

present in the rock. Statistical considerations (e . g . van der Plaas 

and Tobi, 1965) indicate that the precision of point counts depends 

on (1) the percentage of the mineral and (2) the number of points 

counted. For 300 points, the precision (at the 95% conf idence level) 

+ ranges from - 1.6% for a mineral making up 2 or 98% of t he rock 

+ volume to - 5.8% for a mineral making up 50% of the rock - provided 

that the identifications are correct and that the point distance 

is greater than the largest grain diameter . These statistical 

considerations, however, are not applicable here because the 

distinction between identifiable grains and pseudomatrix is subjective. 
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Size and sorting 

The size distribution of quartz grains of coarse silt and 

sand grade was established for given intervals of two thin sections, 

using Friedman's (1958) point count method, and the statistical 

moments were calculated from these data; they are shown in Figures 

40 and 48 of Trettin, in press. The average grain size of the analyzed 

intervals can be derived from the phi mean (using the Wentworth scale), 

and the sorting from the standard deviation, as follows: 

poor sorting - - standard deviations greater than 1. 3 

moderate sorting - - standard deviations between 0.8 and 1.3 

good sorting -- standard dev'iations less than 0. 8 

(Friedman, 1962) . The true sorting, however, probably is much poorer 

because the fine silt fraction and the clay fraction were ignored. 

Grain size and sorting of the sandstones were estimated by visual 

comparison with the analyzed thin sections . 
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ABBREVIATIONS 

GENERAL INFORMATION 

UNIT 

A.B.-R.B . = undivided Allen Bay and Read Bay Formations 

C.PH = Cape Phillips Formation 

!MINA A = lower Imina Formation 

IMINA B = Imina Formation, Caledonian Bay Conglomerate Member 

!MINA C = upper Imina Formation 

FIELD NO. 

HEIGHT 

Note that all field numbers have prefix TM 

AT/FROM = precise position of specimen or base of interval 

TO = top of interval; precise position of specimen within 

interval unknown 

X-RAY DIFF. = X-ray diffraction an1lysis 

MICA- ILL. = mica and (?) illite 

CHLO. - KAOL . = chlorite and (?) kaolinite 

FS/FS+QU = total feldspar/total feldspar + quartz 

PL/PL+KF = plagioclase/plagioclase+K- feldspar 

DL/DL+CA = dolomite/dolomite+calcite 

CARBON AN . = Carbon analysis 

ORGANIC C = organic carbon 

MINER. C = mineralic carbon 

OPTICAL AN. = optical analysis 

AN ; TYPE = type of analysis 

HSP = hand specimen examined under binocular microscope 
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THS·= thin section examined for texture and composition; 

estimates of abundance, if made at all, are restricted 

to a few minerals or grain types. 

THS EST = thin section estimate; complete estimate of abundances 

based on inspection. 

300 PT= point count analysis (300 points); results expressed 

in per cent . 

* = specimen is intensely altered and analysis rather unreliable. 

Expression of estimates: 

P = present 

A = abundant 

or: TR = trace amounts 

x = 1-5% 

xx = 6-20% 

xxx = 21 - 50% 

xxxx = 51-100% 

GRAIN TYPE 

PEL = peloids 

LWST = lime wackestone 

DOLST = dolostone 

CTD. GNS. = coated grains 

CHT. CL . = chert clasts 

MEMS. = metamorphic rock fragments 

VOLCS = volcanic rock fragments 



FOSSILS 

-10-

CARB. CL. = carbonate rock fragments 

OPQ = opaque 

TML = tourmaline 

ZRC = zircon 

ECH = echinoderms 

BRACH = brachiopods 

BRYO = bryo zoans 

TRIL = trilobites 

GASTR = gastropods 

STRMP = stromatoporoids 

COR =corals 

MOLL = molluscs 

PEL = pelecypods 

SPG = sponges 

OSTR = ostracodes 

STYLN = Styliolina- type cricoconarids 

RAD = radiolarians 

FOR = Foraminif era 

ALG = algae 

GIRVN = GirvaneUa- type algae 

UNID = unidentified fossils 

TRACE FOSS . = trace fossils 

BRW = burrows 

HOR BRW = hori zontal borrows 
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GRAIN SIZE 

SORTING 

PRED . = predominant grain size 

MAX. = maximum grain size 

ST = silt 

VFSD = very fine grained sand 

FSD = fine grained sand 

MSD = medium grained sand 

CSD coarse grained sand 

VCSD = very coarse grained sand 

GL = granules 

PB = pebbles 

CRYST. GRADE = crystal grade 

CR = cryptocrystalline (less than 4 microns) 

MIC = microcrystalline (4 to 60 microns) 

FMIC. = finely microcrystalline (4 to 30 microns) 

CAL. MATR. = calcite matrix 

P = poor 

M = moderate 

G = good · 

ROUNDING 

SBANG = subangular 

SBRD = subrounded 
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PHENOCLASTS 

CHT = chert 

FOSS = fossils 

RIP-UP CLASTS = rip-up clasts (mostly of siltstone) 

REPLACEMENT 

CHT/QU REPL = replacement by chert or quart z 

STRUCTURE 

COLOUR 

HOR . LAM. = horizontal lamination 

X- LAM . = cross-lamination 

CONVOL . = convolute lamination 

DIST . BOG . = disturbed bedding 

GRAD. BOG. = graded bedding 

BRECC . = brecciation 

SOLE MKS = sole marks 

FLUTES = flute marks 

FLAME = flame structure 

CALC. VEINS = calcite veins 

QZ- CALC VEINS = quart z and calcite veins · 

PRESS . SOLN. = pressure solution 

MSM QTZ = metasomatic quartz 

STYL = stylolites 

LGY = light grey 

MLGY = medium light grey 

MDKGY = medium dark grey 



DKGY = dark grey 

BN = brown 

DSKYBN = dusky brown 

RD = red 

ROCK TYPES 

CLST = claystone 

ST = siltstone 

-13-

ST, F fine grained siltstone 

ST, C = coarse grained siltstone 

SS = sandstone 

SS, VF-F = sandstone, very fine to fine grained 

GLCG W SOY MATR granul conglomerate with sandy matrix 

PBCG W SOY MATR = pebble conglomerate ivi th sandy matrix 

CG = conglomerate 

CHT = chert 

LMDST = lime mudstone 

LWST lime wackestone 

LPST lime packstone 

LGST lime grainstone 

L\VST-LGST, PW = trans_i_ tional between lime wackestone and poorly 

washed grainstone 

DOLST = dolostone 

DOLST (PST) = <lolostone, texture suggests or ig inal lime packs tone 

ARG= argillaceous 

STY = silty 
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VFSDY = very fine grained sandy 

FSDY = fine grained sandy 

IV GLS = with granules 

PBLY = pebbly 

MATR . REPLD. = c lassification uncertain because matrix replaced 

by silica 

SLIDE DEP ? = probably submarine slide deposit 
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Tabla 7: Notes on stratiqr3phic ~actions 

Section 1-1: inconplP.to section of Ha zen Format ion (bu;,c no t oxposed); 

total thickness L107 rn (1336 ft); < 1 r1'~ l a te flli dd l o Ordovician 

to larly S ilurian (late Lla ndoveria n) 

· l t " of lowarmost part of low or Imina Forma tion; Sec ti on 1-2-1: par tic1 sr~c ion 

h . • of section 1 28 . S ~ ( 42 1 ,5 ft. ),thickness of lowe r t ic":noss 

Imina Format ion 1 057 m (3 467 ft); 3 0e late Early and(?) Middle 

Silurian (latest Llandoverian and ? ~enlock iu n) 

l '- t · t' C"' led nni' an Day Co nn_ 101:ie.r.a te iYlGmber of Section 1-2-2: co~p e~e sec ion o u u ~ 

Imina Formation ;total thickness 42 ,0 m (137. 75 ft); age probably 

Lat e Silurian (Ludlovian) 

Section 1-2-4: detailed section within upper pa rt of uppor Imina Format ion;thickness 

of s nction 4,65 m (15.27 ft),tot8l thickness of upp2r Irnina Forma tion 

1637 m (5372 ft);ag o Late Silurian or ea rliest Devonian ( probably ear

liest Gcdinnian) 

Section 1-3 : inc omplete section of Eids For mation (top not preserve~);thicknass 

854 m (2802 ft ) ;agn early Devo nia n (late early to middle Gedinnian) 

Section 2-1: com pl e t e section o~ Cap8 Phillips formation;total 

(209 ft);agc l a t ast S ilurian (Pridolian ) 

thj_c kn ~ss 6L1 m 

Si;ctio..2_2-.'.?: complete section of Imina Formation; tot<Jl thi.cknc~ss 620 m (2~ 034 ft) ; 

aqe Aa rli ns t Uevonian ( ea rly Ged innian) 

Snc U.on 3 : incomp l e t e section o f Cape Phi llips Format ion (top faultAd);thicknP.ss 

229 m (750 ft);a go lat e Early or e~r ly Middle Silu ria n ~ate Llandoveri

an or ear ly We nlockian to Late Silurian (Ludl ov ian or Pr idolia n~ 

Sectj_on 4-1: de tail ed section of up pe r most pn rt of undivid <! d Allen Boy .:Jnd fl e::id 

Bay For rnilt ions; thic :u1ess of sect i on 14 m ( 4li ft ) ; age prob~1b ly Late 

Siluria n (Ludlov ian) 

Sec tion /1-2 : completo s nction of Cape Phillip::> For lT'a tion; tota l thid:ncss 1l~7 m 

(4 82 ft); age l a te s t Silurian (Pridolia n) 

SP.cl:inn t~-3 : cornri l otn ~• e ction of Ir>Jina Fornat.1.on;total thic!<nes·; 25'1 1n (824 ft); 

age ea rlies t Dov onlAn ( eA rly Gcdinnian ) 

L)oc t ion /\-/\ : incornplote section of Ciu s Format i on (top not or sSl) t'V r!cl );thickness 

335 m (110ll ft );acio rrnrly Do v n n.i. an (latu early to m-1.ddln Gud inn_\.a n) 
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Sc;ct.i._r~5- 1 : compl.t~ te (? ; str.utiqr;:iohic µo ::> ition of bets o of form0tion not ontir n ly 

cert<iin) sriction of Cape Phillips Fnr r:i<J tinn; total thickncs~; L1·11 m 

( 1511G ft),but cix posurcs limitP.d to lovi o r /. 51i .8 m (f:l :) fi ft);ar:i cJ of 

spocime ns [arly S ilurian (~iddl e Ll a nJov Hr iu n) probably to 

or Lute Silurian (W8nlockia n or Lu rl Jnvinn) 

fflidd le 

Scec_t ion _?.-2: incompl e te s sc tion of Im.i.110 Formation (to p not pre~wrved); thick ni:~ ss 

1 76 rn (576 ft);ag e proba bly e a rli est D ~ von ia n (early Cedinnian) 




