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ABSTRACT 

The level of organic maturation, thermal history and petroleum source potential 

of Phanerozoic strata in northern Yukon and northwestern District of Mackenzie 

have been investigated by measurement of vitrinite (% Rorand) and graptolite (% 

Romax) reflectance, conodont alteration index (CAI) and Rock-Eval pyrolysis. The 

strata in general have lower maturity levels in southern Mackenzie Delta, Peel 

Plateau and Eagle Plain than in the Richardson and Ogilvie Mountains. 

The level of maturation varies from graptolite reflectance values of 4.0% to 6 . 5% 

Romax and C A I values of 3.5 to 5 in Upper Cambrian to Lower Devonian 

strata whereas vitrinite reflectance ranging from 0.2% to 3 . 7 5 % Rorand occur in 

Middle Devonian to Upper Cretaceous strata. Time-averaged numerical modelling 

of measured maturation gradients (0.10 to 0.32 log Rorand/km) suggest 

paleogeothermal gradients on the order of 20 to 4 5 ° C / k m in southern Mackenzie 

Delta and Peel Plateau, from 10 to 20 ° C / k m in central Eagle Plain and from 

20 to 4 5 ° C / k m adjacent the Richardson and Ogilvie Mountains. The higher 

maturity levels in mountainous areas reflect higher maturation gradients and, in 

the Richardson Mountains, deeper burial due to rapid subsidence caused by the 

foundering of grabens within the Richardson Fault A r r a y . Anomalously high 

maturation values (0.92% to 1.60% Rorand) measured in Lower Cretaceous strata 

on the Campbell Uplift are interpreted to reflect high paleoheat flow associated 

with basement uplift. 

Average T O C contents are generally low to moderate (0.1 to 2.0%) but 
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organic-rich intervals occur throughout the studied succession. T O C values up to 

14.5% are present in the Upper Cretaceous Eagle Plain Group, values up to 

9.5% occur in the Middle Devonian Canol Formation and Upper Cambrian to 

Lower Devonian Road River Group and values up to 5.0% are present in the 

Lower Cretaceous map unit K w r and Mount Goodenough Formation, the Lower 

Cretaceous and Jurassic H u s k y Formation, the Jurassic Porcupine River Formation 

and the Upper Carboniferous Blackie and H a r t River Formations and the Ford 

Lake Shale. The organic matter (OM) is dominantly type III except for minor 

amounts of type I and II in Lower Paleozoic strata and a mixture of type II 

and III in parts of Middle Devonian, Carboniferous, Jurassic and Lower 

Cretaceous strata. 

The quality of organic matter varies significantly ( Q O M ; 0.01 to 6.1 m g H C / g 

Corg) as a result of variation in organic maturity, the type of O M and, in some 

cases, migration. Average Q O M values are generally low to moderate (0.01 to 

1.5 m g H C / g Corg) and, along with low to moderate Hydrogen Index values 

(<300 m g H C / g Corg), suggest poor to moderate petroleum source potential. 

Relatively few examples of potential oil prone source rocks occur, but these 

include parts of the Road River Group, the Hare Indian, Canol, H a r t River, 

Blackie, Mount Goodenough and Arctic Red River Formations, the Ford Lake 

Shale, unnamed Carboniferous unit and map unit K w r . Gas prone source rocks 

comprise parts of the Blackie, Porcupine River, H u s k y , Mount Goodenough and 

Arctic Red River Formations and the B u g Creek and Eagle Plain Groups and 

map unit K w r . With respect to petroleum generation, Upper Cretaceous strata 

are generally immature. Lower Cretaceous to Permian strata are immature to 
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mature, Carboniferous strata are immature to overmature, and Devonian and 

older rocks are mature to overmature. The timing of hydrocarbon generation from 

source rocks in the study area varied substantially both laterally and 

stratigraphically as a result of variations in the timing and magnitude of the 

m a x i m u m depths of burial. 

The variation in source rock quality appears to closely reflect the interpreted 

depositional environment of some of the strata which facilitates the interpretation 

of regional extent of. potential hydrocarbon source rocks. 

A correlation of graptolite and vitrinite reflectance, calibrated by conodonts, shows 

that a graptolite reflectance range of 5% to 6.5% Romax (CAI = 5) corresponds to 

a vitrinite reflectance of 4.0% Romax. Graptolite organic remains appear to 

behave similar to bitumen with increasing depth of burial; at higher levels of 

thermal maturity, graptolite reflectance increases more rapidly than vitrinite 

reflectance. 
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I. I N T R O D U C T I O N 

Organic geochemical evaluation of sedimentary basins requires identification of 

potential petroleum source rocks and establishing the degree of organic maturation 

( D O M ) . The organic maturation and petroleum source potential of the Phanerozoic 

succession in the northern Y u k o n and northwestern District of Mackenzie have 

been alluded to previously (Hume and Link , 1945; Tassonyi , 1969; G r a h a m , 

1973; M a r t i n , 1973; Kunst , 1973; Cote et al. , 1975; Pugh, 1983; A . W . Norris , 

1985; and D . K . Norris, 1985) but little or no models of thermal history or 

geochemical data have accompanied these discussions. The present investigation is 

the first systematic attempt to determine the areal and vertical variation in the 

degree of organic maturity ( D O M ) , the abundance and type of organic matter, 

and the petroleum source potential of the Phanerozoic succession in the northern 

Y u k o n and northwestern District of Mackenzie. 

Microscopic examination of samples combined with organic geochemical analysis 

can be utilized to assess the origin and hydrocarbon source potential of 

organic-rich sediments (Espatilie et al. , 1977; Hunt , 1979; Durand, 1980; Waples, 

1980; Tissot and Welte, 1984; Bustin et al. , 1985; and many others). In this 

study, organic petrography and Rock-Eval pyrolysis are used to determine the 

D O M and to identify and quantify petroleum source rocks. The regional extent of 

possible hydrocarbon source rocks and organic facies are determined and, 

combined with thermal maturity data, to delineate areas of potential hydrocarbon 

generation. The variation in source rock quality appears to closely reflect the 

interpreted depositional environment of some of the strata and thus help define 
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the regional extent of potential hydrocarbon source rocks. 

This thesis is divided into three parts. In the first part, the level of organic 

maturation and thermal history of Phanerozoic strata in the study area are 

described as determined by measurement of vitrinite reflectance (% Rorand and 

conodont alteration index (CAI). In the second part, Rock-Eval pyrolysis and 

organic petrography are used to evaluate the petroleum source rock potential of 

Phanerozoic strata. In the third part, the utility of graptolites as a measure of 

thermal maturity in the Lower Paleozoic Road River Group is evaluated by 

measuring maximum, minimum and random reflectance. 



II. REGIONAL GEOLOGY 

The study area approximately encompasses the area covered by Operation 

Porcupine (see Geological Survey of Canada, M a p 10-1963) between latitudes 6 5 ° 

N and 6 9 ° N and between longitudes 1 3 2 ° W and 1 3 9 ° W (Fig. 1). The 

regional geology of the area has been summarized by Lerand (1973), Mial l 

(1973) and Balkwill et al . (1983). In addition, the maps of Norris (1981 (a-f); 

1982 (a;b)) provide comprehensive summaries of the regional stratigraphy and 

geology. Depositional environments have been interpreted by various authors 

(Pugh, 1983; A . W . Norris, 1985; Dixon, 1986; and many others referenced in 

later sections of this paper) and represent current ideas of regional geology of 

Phanerozoic strata. ' Below, the tectonic elements and stratigraphy are briefly 

summarized. 

A. TECTONIC ELEMENTS 

The stud.y area covers a variety of plvysiographic divisions (Fig. 1) which roughly 

coincide with major- tectonic elements comprising the Interior Platform and 

northern Cordilleran Orogenic System (Norris, 1980; F i g . 2). The distribution of 

pre-Mesozoic and Mesozoic-Tertiary elements reflects an increase in tectonic 

complexity from east to west and to the southwest (Fig. 2). M a n y unconformities 

are present in the stratigraphic succession and attest to prolonged and 

intermittent tectonic activity (Norris and Yorath , 1981). The Late Devonian to 

E a r l y Mississippian Ellesmerian orogeny resulted in a regional unconformity at 

the base of the Mississippian (Norris and Yorath, 1981). The second regional 
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unconformity in the sedimentary succession represents the E a r l y Cretaceous 

(Hauterivian) Columbian orogeny ( D . K . Norris , 1985). Source areas and 

depositional basins were redistributed during the Columbian orogeny, which 

climaxed with the Late Cretaceous to Ear ly Tertiary Laramide orogeny (D.K. 

Norris , 1985; Dixon, 1986). The Laramide orgeny resulted in major thrust faults 

and folding in the Ogilvie Mountains as well as normal faulting in the 

Richardson Mountains and thrusting and folding in the Eagle Fold Belt. The 

Laramide orogeny in part overprinted and/or rejuvenated older tectonic elements 

in m a n y areas (Norris and Yorath, 1981). 

B . S T R A T I G R A P H Y 

T h e stratigraphic succession in the northern Yukon and northwestern District of 

Mackenzie comprises an eastward tapering and northward truncated sedimentary 

wedge. It has an estimated thickness of 7 k m at the eastern margin of the 

Cordilleran region and is more than twice this thickness within the orogen (D.K. 

Norris , 1985). The stratigraphic correlation of Cambrian to Pleistocene strata in 

the study area is summarized in figure 3. Pre-Mesozoic stratigraphy has been 

described by Hume (1954), Tassonyi (1969), Bamber and Waterhouse (1971), 

M a r t i n (1972), Pugh (1983) and D . K . Norris (1985). Mesozoic and Cenozoic 

stratigraphy of the study area has been published by Jeletsky (1958, 1960, 

1961, 1967, 1972, 1974, 1975), Mountjoy (1967), Mountjoy and Chamney (1969), 

Young (1971, 1975a, 1975b, 1977, 1978), Young et al. (.1976), Sweet (1978) and 

Dixon (1986). 
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^ " H i ^ I n d 6 X m u P P h y s i 0 ^ a P h i c divisions in the area of study Dempster 
H»ghway 1 S shown as dashed line, (modified from Norris , 1980) 



Figure 2. Tectonic elements: a) Pre-Mesozoic tectonic elements (modified from 
Pugh, 1983.) 



Kilometres 

b) Mesozoic and Tertiary tectonic elements, (modified from Yorath and Cook, 
1981; Norris, 1983.) 



2 

Figure 3. Stratigraphic correlation of Cambrian to Tertiary strata in the area of 
study. Tectonic divisions correspond to tectonic elements indicated in figure 
2. (modified from Norris, 1983; Pugh, 1983; Dixon, 1986; Yorath, 
unpublished.) 



9 

The stratigraphic succession in the northern Y u k o n and northwestern District of 

Mackenzie is best described on a regional scale by tectono-stratigraphic 

assemblages (Table I) because the stratigraphic nomenclature is both complicated 

and the study area encompasses several tectonic elements. The oldest sequence 

examined in this study is the Upper Cambrian to Lower Devonian E D M 

assemblage. The carbonate platform of the E D M sequence is interrupted in the 

Richardson anticfinorium by the north-trending Richardson Trough (D.K. Norris, 

1985) and, in the Ogilyie Mountains, by the west- and southwest-trending 

Blackstone Trough ( A . W . Norris, 1985). These troughs mark the site of shale 

and limestone deposition from Late Cambrian to E a r l y Devonian (Richardson 

Trough) and from late Ear ly or early Mid-Ordovician to E a r l y Devonian 

(Blackstone Trough). The D J F assemblage (Table I) includes the Middle Devonian 

to Upper Jurassic succession consisting of shelf carbonates with associated elastics 

in the lower part of the sequence (Devonian, Carboniferous and Permian). 

Epicontinental clastic rocks predominate in the Jurassic part of the sequence. The 

D J F assemblage is conformably overlain by Lower Cretaceous strata of the J K K 

assemblage, which consists primarily of clastic shelf deposits. The regional 

unconformity in the middle of the J K K assemblage represents the Columbian 

orogeny (D.K. Norris , 1985). The J K K assemblage is in turn unconformably 

overlain by Upper Cretaceous strata of the K A assemblage, which mark the 

beginning of gradual northward progradation of shoreline-delta sediments from 

Late Cretaceous to Recent. B y Maastrichtian time, most sedimentation in the 

northern Y u k o n and northwest District of Mackenzie was limited to the Beaufort 

Sea continental margin (Dixon, 1986). T h e absence of significant Tertiar}' 

sedimentation in southern parts of the study area is important for interpretation 
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of maturation levels and paleogeothermal gradients as discussed later. 



Table I. Formations and groups comprising the tectono-stratigraphic assemblages 
in the study area. Assemblages after Geological Survey of Canada , M a p 1505A 
(Tipper et al . , 1981). 

E D M : Hare Indian, H u m e , Ogilvie, A r n i c a , Landry , Gossage, Tatsieta, 

Tsetso-equivalent, Peel, Mount Kindle, F r a n k l i n Mountain, Road River Group, 

V u n t a , Taiga , Jones Ridge, Slats Creek, Ultyd. 

D J F : B ug Creek Group, Kingak, Husky, North Branch, Shublik, Tahkandit, 

Jungle Creek, Ettrain, Blackie, H a r t River, Ford Lake Shale, Tuttle, 

Kekiktuk, Imperial, Canol . 

J K K : unit K w r (Eagle Plain Formation), Arctic Red River, Kathul , Horton River, 

Langton Bay, Mart in House, Sans Sault, Trevor, Rat River, Mount 

Goodenough, Parsons Group. 

K A : Monster, Boundary Creek, Smoking Hills, Mason River, Moose Channel , Tent 

Island, Eagle Plain. 



III. PART I. ORGANIC MATURATION OF PHANEROZOIC STRATA IN 

NORTHERN YUKON AND NORTHWESTERN DISTRICT OF MACKENZIE 

A. ABSTRACT 

The level of organic maturation and thermal history of the Phanerozoic 

sedimentary sequence in the northern Y u k o n and northwestern District of 

Mackenzie has been investigated by measurement of vitrinite reflectance (% 

Rorand) and conodont alteration index (CAI). Maturity in coeval strata is 

generally lower in southern Mackenzie Delta, Peel Plateau and Eagle Plain than 

in the Richardson and Ogilvie Mountains. The strata are immature to overmature 

and maturation increases laterally with structural complexity. 

Upper Cambrian to Middle Devonian strata have C A I values of 3.5 to 5 in the 

Richardson and Ogilvie Mountains. The degree of organic maturity (DOM) at the 

base of Middle Devonian (Givetian) strata varies laterally from 0.79% to 3.75% 

Rorand whereas the regional variation in D O M at the base of Upper Devonian 

strata ranges from 0.80% to 2.13% Rorand. Reflectance values vary laterally 

from 0.50% to 1.69% Rorand at the base of Carboniferous strata and range 

from 0.24% to 1.39% Rorand at the base of Lower Cretaceous strata. In Eagle 

Plain, the D O M of Upper Cretaceous strata ranges regionally from 0.38% to 

0.53% Rorand. The higher maturity levels in mountainous areas reflect higher 

maturation gradients and, in the Richardson Mountains, deeper burial due to 

rapid subsidence caused by the foundering of grabens within the Richardson Fault 

A r r a y . Anomalously high maturation values (0.92% to 1.60% Rorand) measured 

12 
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in Lower Cretaceous strata on the Campbell Uplif t are interpreted to reflect high 

paleoheat flow associated with basement uplift. 

Time-averaged numerical modelling of the measured maturation gradients suggest 

paleogeothermal gradients on the order of 20 to 4 5 ° C / k m in southern Mackenzie 

Delta and Peel Plateau, from 10 to 2 0 ° C / k m in central and western Eagle Plain 

and 20 to 4 5 ° C / k m towards the Richardson and Ogilvie Mountains. The low 

paleogeothermal gradients calculated from parts of Eagle Plain are considered to 

reflect low paleoheat flow and/or rapid Late Cretaceous sedimentation and uplift 

such that an equilibrium geothermal gradient never existed. The thickness of 

eroded section in the study area varies from 0.7 to 4.7 km based on 

interpretation of measured maturation gradients. Such values are consistent with 

rates of subsidence and uplift estimated from the ages and thicknesses of 

preserved section in the study area. In Peel Plateau, approximately 1.7 k m of 

post-Upper Devonian section has been eroded. In eastern Eagle Plain, 2.6 to 2.8 

k m of post-Carboniferous overburden has been removed whereas in western Eagle 

Plain, up to 4.7 km of coeval strata has been eroded. In northwestern Eagle 

Plain, about 3.5 km of post mid-Cretaceous section has been eroded which is 

almost three times the amount of post mid-Cretaceous overburden which has been 

removed in southern Mackenzie Delta (1.1 km). Estimates of the eroded Upper 

Cretaceous section vary significantly from central to northern Eagle Plain (0.7 to 

3.4 km). 

Interpretation of burial and thermal history diagrams indicates the D O M required 

for hydrocarbon generation for Devonian strata was attained in the Late 
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Devonian to E a r l y Carboniferous in Peel Plateau but not until Late Carboniferous 

to Permian in Eagle Plain. Devonian strata left the oil window during the 

Carboniferous to Ear ly Tertiary in most parts of the study area. Carboniferous 

and Permian strata entered the oil window in Late Carboniferous to Triassic 

time in southern Eagle Plain but not until the Late Cretaceous to E a r l y Tertiary 

in northwestern and eastern Eagle Plain. In western Eagle Plain, the 

Carboniferous sequence exited the oil window during the Late Cretaceous. 

Carboniferous and Permian strata are immature with respect to hydrocarbon 

generation in the central Eagle Plain, due to low paleogeothermal gradients and 

shallow burial depths. Lower and Upper Cretaceous strata in southern Mackenzie 

Delta, Peel Plateau and most of Eagle Plain generally have not entered the oil 

window whereas in the northwestern Eagle Plain, Lower Cretaceous strata 

entered the oil window in Late Cretaceous to Ear ly Tertiary time during or just 

after they reached their maximum depth of burial. 

B . I N T R O D U C T I O N 

Knowledge of the degree and timing of maturation of organic matter is important 

in hydrocarbon exploration. In particular, modelling of thermal history provides 

details of the timing of hydrocarbon generation relative to the tectonic evolution 

of a sedimentary succession. In the northern Yukon and northwestern District of 

Mackenzie a thick sequence of Upper Cambrian to Upper Cretaceous strata is 

preserved. These strata crop out along the Dempster Highway and occur at 

depths greater than 3100 m. Aside from hydrocarbon exploration in the early 

1920's (Hume and Link, 1945; Tassonyi, 1969) and renewed interest in the 



1960's (Graham, 1973; M a r t i n , 1973; Kunst , 1973), the area has received little 

study. The present investigation is the first systematic attempt to determine the 

areal and vertical variation in the degree of organic maturity (DOM) of the 

Phanerzoic succession in the northern Y u k o n and northwestern District of 

Mackenzie. In this study, a regional framework of maturity data is established, 

incorporating some 240 field and 818 well cuttings samples. 

This study must be considered reconnaissance in nature because it is the first 

attempt to investigate the thermal maturation of Phanerozoic strata in the study 

area, and because of the large geographic area, complex geologic history and 

various tectonic elements. It is hoped that this research will provide working 

models that can be modified as further study warrants. 

C. METHODS 

Vitrinite reflectance and conodont alteration index (CAI) were determined from 

818 well cuttings samples collected from 12 wells and from 240 outcrop samples 

along the Dempster Highway. 

1. Vitrinite reflectance 

The D O M of all post-late Silurian samples in this study was determined by 

vitrinite reflectance methods ( I .C.C.P. , 1971). Cuttings samples were sieved and 

the < 2 m m (10 mesh) portion was washed to remove water-soluble drilling 

mud contaminants prior to crushing. Outcrop and well cuttings samples were 

crushed and pulverized with a centrifugal grinding mill to approximately 170 fim 
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(80 mesh) sized particles. A portion of the pulverized sample was used to 

prepare organic concentrates for vitrinite reflectance measurements. Pellets were 

prepared from whole-rock samples and demineralized samples from outcrop while 

only demineralized samples were utilized from well cuttings. Both whole-rock 

samples and organic concentrates were mounted in cold-setting polyester resin, 

covered with protective plastic caps and stored in argon gas to prevent oxidation 

prior to analysis. 

The mean random reflectance in oil (n= 1.518 at 546 nm, polarizer out) was 

measured and recorded with a computerized L e i t z ® microscope (orthoplan M . P . V . 

II). The mean random reflectance (% Rorand) was measured rather than the 

mean m a x i m u m reflectance (% Romax) because: a) the Rorand method is faster 

inasmuch as rotation of the stage is not required; and b) smaller particles can 

be measured because accurate stage centring is not required (see Davis , 1978 for 

a discussion of these methods). Other studies (e.g., England and Bustin, 1986) 

have shown no significant difference between Rorand and Romax for vitrinite with 

a level of thermal maturity less than 3% Rorand. 

M e a n random reflectance was established by averaging up to 50 readings. Each 

sample data set was anatyzed statistically. 

2. Conodont alteration index 

Conodont alteration index (CAI) is a useful thermal maturity indicator for 

Pre-Devonian rocks and in post-Late Silurian to Triassic carbonates where 



17 

vitrinite is rare or absent (Epstein et al . , 1977; Harris , 1979). Eighty outcrop 

samples were collected from Cambrian to Permian strata for conodont extraction. 

Samples were sieved and the > 0.71 m m ( + 24 mesh) portion was weighed. 

Samples ranging in weight from 70 to 2000 grams were dissolved in dilute 

(10%) acetic or formic acid, depending on the lithology. Conodonts were isolated 

from the 74 to 2000 jum (-10 to +200 mesh) fraction of the residues by 

standard tetrabromoethane heavy-liquid and hand picking techniques. The conodont 

color was then established by using a standard binocular microscope in 

conjunction with a visual color comparison (Epstein et al . , 1977) with a set of 

standards. 

3. Correlation of Thermal Maturity Indicators 

In order to relate the maturity measurements made using vitrinite reflectance 

and C A I , maturity boundaries with respect to hydrocarbon generation (immature, 

mature and overmature) are utilized to describe the D O M . The limits for 

maturity boundaries are adopted from the summary of Bustin et al. (1985). 

Immature conditions are defined by vitrinite reflectance values < 0.61% Rorand 

and C A I < 1.5 whereas the mature stage is defined by vitrinite reflectance 

values ranging from 0.61% to 1.35% Rorand and C A I s ranging from 1.5 to 3. 

Reflectance values > 1.35% Rorand and C A I values > 3 indicate overmature 

conditions. 
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D. RESULTS 

1. Stratigraphic (Vertical) Variation in Organic Maturity 

The vertical variation in maturity was determined for 9 wells in Eagle Plain, 2 

wells in Peel Plateau and one well in southern Mackenzie Delta. Maturi ty 

gradients were not determined from outcrop data due to the lack of 

stratigraphically thick continuous exposures. The measured maturation gradients 

best fit a log (reflectance) linear (depth) relationship (Fig. 4). Maturation 

gradients determined from the first order regression line drawn for each profile 

vary from 0.10 log Rorand/km to 0.29 log Rorand/km in Eagle Plain (Fig. 5). In 

Peel Plateau, the measured gradients are about 0.32 log Rorand/km whereas in 

southern Mackenzie Delta, a slightly lower gradient (0.23 log Rorand/km) was 

obtained (Fig. 5). A maturation gradient measured at the 1-50 well on the west 

side of Peel Plateau (Fig. 4c) is composed of two segments, an upper shallower 

gradient and a steeper lower segment. A gradient could not, however, be 

calculated for the upper segment due to a poor fit of the regression line 

( r 2 =0 .47) . 

2. Lateral Variation in Organic Maturity 

In this section the lateral variation in organic maturity for specific stratigraphic 

horizons are documented. 



Figure 4. Maturation gradients for 12 wells in the area of study. Location of 
wells are shown in figure 6 and well names are identified on each plot. 
Regression lines: log Rorand/km. r 2 value is goodness of fit of regression 
line. Standard deviation bar is shown for samples for which more than one 
reflectance measurement was made. Abbreviations for ages of strata: 
Q = Quaternary; C R E T = Cretaceous; K L = E a r l y Cretaceous; J , J U R = J u r a s s i c ; 
P = Permian; C . C A R = Carboniferous; D . D E V = Devonian; C A M = Cambrian; 
L , L W R = L o w e r ; L - M = Lower to Middle; M = Middle; U P = U p p e r : K L (Albian) 
is equivalent to map unit K w r . 
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Because the northern Cordilleran Orogen is characterized by a limited lateral 

continuity of stratigraphic units and structural elements, it is difficult to interpret 

maturation patterns laterally over any distance, especially where sample density 

is low. T h u s , it must be emphasized that the interpretations presented here are 

based on limited data and the isomaturation lines may change significantly as 

more data become available. 

In figures 6 and 7 representative D O M s in the study area are plotted. For 

additional control, the calculated maturation gradients (Fig. 4) were used to 

predict maturation levels. Appendix A (on file in geology department, U B C ) 

summarizes sample descriptions for each outcrop location and Appendix B (on file 

in geology department, U B C ) contains C A I measurements and histograms and 

statistical data for reflectance measurements made on each sample. 

The oldest strata examined in the study area, the Upper Cambrian to Lower 

Devonian Road River Group, are overmature (CAI values ranging from 4.5 to 5) 

in the Richardson and Ogilvie Mountains (Fig. 7a). The D O M at the base of the 

Road River Group calculated from maturation gradients (Fig. 4) indicates an 

increase in maturation from north (2.22% Rorand) to south (6.01% Rorand) in 

Eagle Plain. The Road River Group is less mature (1.01% Rorand) in southern 

Mackenzie Delta, based on the maturation gradient measured at the A-37 well. 

The D O M of Devonian strata (Hume, Canol and Imperial Formations) increases 

from east to west in Peel Plateau (e.g., 0.80% to 2.13% Rorand for the Imperial 

Formation; Figs . 7b-d). The D O M of the Canol and Imperial Formations 
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progressively increases from the central part of Eagle Plain to the east, west 

and south (Figs. 7c and d). Both the Canol and Imperial Formations are 

overmature in the Richardson and Ogilvie Mountains (1.76% to 3.75% Rorand, 

C A I = 5). C A I values of 4.5 to 5 were measured in the Middle Devonian Gossage 

Formation which crops out on the Campbell Uplift in the northwestern corner of 

Anderson Plain (Fig. 7b). In Eagle Plain, the D O M of the E a r l y to Middle 

Devonian Ogilvie Formation increases from north to south (0.99% to 2.30% 

Rorand) and towards the Ogilvie Mountains (CAI=3 .5 to 5; F i g . 7b). 

The D O M of Carboniferous strata of the Ford Lake Shale (0.88% to 1.69% 

Rorand; F i g . 7e) and H a r t River (0.50% to 1.22% Rorand; F i g . 7f) Formations 

increases from north to south in Eagle Plain. 

The D O M of Lower Cretaceous strata of the Mount Goodenough, Rat River and 

Arctic Red River Formations increases from east to west in Peel Plateau, based 

on the limited data available (e.g., 0.44% to 0.73% Rorand for the Mount 

Goodenough Formation; Figs. 7g, h and i). In the Richardson Mountains, the 

D O M increases rapidly west of the Treeless Creek Fault (e.g., 0.45% to 1.39% 

Rorand for Rat River Formation). In Eagle Plain, the D O M of Albian strata 

increases from east to west (Fig. 7i) with reflectance values ranging from 0.41% 

to 1.10% Rorand at the base of the Albian succession. 



2 £ 
Figure 6. Representative levels of organic maturity at the surface in study area. 

Maturation data from published literature are plotted for comparison. 
Sources: a. Uyeno (Read, in press); b. Nowlan (Read, in press); c. Goodarzi 
and Norford (1985); d. Norris and Cameron (1986); e. Utting (Read, in 
press); f. Ricketts (1985); g. Cameron et al . (1986); h. Young (1975a). 
Base map modified from Tipper et al . (1981). Formations and groups 
comprising tectono-assemblages (e.g. E D M ) are summarized in table I. Line 
A - B denotes line of section of figure 20. Scale is the same as figure 5. 

LEGEND 

Assemblage contact (approx.) 

Fault with downthrown side indicated by solid circle 

Oextral t ranscurrent fault (approx. , assumed) 

Late O r d o v i c i a n - E a r l y Silurian 
carbonate ( C ) - s h a l e (S) boundary 

Borehole (dry and abandoned, suspended oil and gas) 

Data from this study Published data 

5 • Conodont alteration index 3.0 • C.A.I. 

1.2 • Vitrinite re f l ec tance (random) 0.7 0 Vitrinite reflectance 

5.6 A Graptol i te re f l ec tance 2 • Thermal Alteration 
Index 



Figure 6. 
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Figure 7. Regional maturation patterns of Upper Cambrian to Upper Cretaceous 
strata. Representative levels of organic maturity (% Rorand and CAI) at or 
near the base of each formation or group are plotted. '<0>' denotes 
reflectance value calculated using line of best fit in figure 4. Scale is the 
same as figure 5. 
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a) Road River Group. Contour interval= 1.0% Rorand. Boundaries of 
paleogeographic elements (modified from A . W . Norris, 1985) and the 
erosional edge of the E D M assemblage in the Richardson Mountains are 
shown. 
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b) Ogilvie Formation (in Eagle Plain and southern Mackenzie Delta); Gossage and 
Hume Formations (in Peel Plateau). Contour interval = 0.5% Rorand. 
Boundaries of paleogeographic elements (modified from A . W . Norris, 1985) 
and the erosional edge of the E D M assemblage in the Richardson Mountains 
are shown. 
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c) Canol Formation. Contour interval = 0.5% Rorand. '2.25t^f- 3 .09' denotes 
reflectance at top and bottom, respectively, of a 200 m section. The 
erosional and/or depositional edge of the D J F assemblage is shown. -
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d) Imperial Formation. Contour interval = 0.5% Rorand. '(b)' denotes reflectance of 
bitumen (albertite). Reflectance values for outcrop samples in Peel Plateau 
from near the top of the Formation are included to illustrate the maturity 
pattern. The erosional and/or depositional edge of the D J F assemblage is 
shown. Northern erosional edge modified from Pugh (1983). 
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e) Ford Lake Shale. Contour interval = 0.5% Rorand. Reflectance values for outcrop 
samples from near the top of the Formation are included to illustrate the 
maturity pattern. The erosional and/or depositional edge of the D J F 
assemblage is shown. Northern erosional edge modified from Pugh (1983). 



art River Formation. Contour interval = 0.5% Rorand. The erosional and/or 
depositional edge of the D J F assemblage is shown. Northern erosional edge 
modified from Pugh (1983). 
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g) Mount Goodenough Formation. Contour interval = 0.5% Rorand. Reflectance 
values plotted in Peel Plateau from near the top of the Formation are 
included to illustrate the maturity pattern. The erosional and/or depositional 
edge of the J K K assemblage is shown. 
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h) Rat River Formation. Contour interal = 0.5% Rorand. Reflectance values for 
outcrop samples in Peel Plateau from near the top of the Formation are 
included to illustrate the maturity pattern. The erosional and/or depositional 
edge of the J K K assemblage is shown. 
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i) Albian strata (Arctic Red River and Horton River Formations and map unit 
Kwr) . Contour interval = 0.5% Rorand. Reflectance values for outcrop samples 
in Peel Plateau and Eagle Plain from near the top of the Formations and 
map unit K w r are included to illustrate the maturity pattern. The erosional 
and/or depositional edge of the J K K assemblage is shown. 
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j) Eagle Plain Group. Contour interval = 0.1% Rorand. Reflectance values for 
outcrop samples from near the top of the Group are included to illustrate 
the maturity pattern. The erosional and/or depositional edge of the K A 
assemblage is shown. 
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Anomalously high reflectance values (up to 1.60% Rorand) were obtained from 

A l b i a n samples of the Horton River Formation exposed on the Campbell Uplift . 

The D O M of Albian strata decreases from the crest of the uplift (1.60% Rorand) 

to the south (0.92% Rorand) and to the northwest (0.62 %Rorand; F i g . 7i). In 

southern Mackenzie Delta, Lower Cretaceous (Upper Hauterivian to Barremian 

and Albian) strata are less mature (0.25% to 0.44% Rorand; Figs. 7g and i) 

than coeval strata on the Campbell Uplift . 

The D O M of Upper Cretaceous strata at or near the base of Eagle Plain Group 

(new name; Dixon, in press) is nearly constant apart from a slight increase 

(0.31% to 0.53% Rorand) towards the central part of Eagle Plain (Fig. 7j). 

3. Time-temperature Modelling 

It is well documented that the degree of organic maturity is related to the 

thermal history (Karweil, 1956; Lopatin, 1971; Bostick, 1973; Hood et al. , 1975; 

Waples, 1980; Bustin, 1984; England and Bustin, 1986; and many others). 

Numerical models have been developed to predict thermal maturation of organic 

matter as a function of time and temperature (e.g., see summaries by Waples, 

1983; Bustin et al . , 1985). In this study, a 'Lopatin-Waples' type model is used 

to estimate paleogeothermal gradients and thickness of eroded section, based on 

maturation levels measured at each of the 12 wells examined in the study area. 
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a. Paleogeothermal Gradients 

Paleogeothermal gradients were approximated by modelling the measured 

maturation gradients using an integral form of the Lopatin equation (McKenzie, 

1981; Bustin et al. , 1985; Bustin, 1986). The model used iteratively solves for 

maturation gradients using a burial history based on geological history and 

varying geothermal gradient. "The calculated gradients are then compared to the 

measured gradient in order to estimate the paleogeothermal gradient. In this 

respect, the maturation gradient is modelled rather than a single point and is 

thus independent of the absolute D O M (Bustin, 1986). The model assumes a 

constant activation energy (as opposed to increasing activation energies with 

increasing D O M ) and does not model changes in' thickness as a result of 

compaction but models compacted rock thickness. Because subsidence and uplift 

rates are assumed to be uniform throughout, and heat flow, thermal conductivity 

and surface temperature are held constant, the model represents a time-averaging 

of the actual, more complicated depositional and thermal history. Neither the 

precision of the model nor the maturity measurements and gradients warrant 

consideration of these possible variables. 

(i) Burial Histories 

The burial history of several stratigraphic horizons at each well location were 

reconstructed based on time stratigraphy and estimates of the amount and timing 

of erosion derived from well-log evaluation and published sources. Ages and 

thicknesses of strata used to reconstruct the depositional and tectonic histories 
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(Figs. 8a to 19a) are not firmly constrained by the available geologic data; hence 

the numbers are considered a best estimate at present. Estimates of the amount 

of eroded section of Jurassic to mid-Hauterivian strata, used for the purpose of 

modelling, are hypothetical in Eagle Plain because these strata were completely 

eroded accompanying Valanginian to mid-Hauterivian (Jeletsky, 1975; 1980) or 

mid to late Hauterivian (Dixon, 1986) orogenesis. Differences in estimates of the 

amount of eroded overburden have a significant influence on estimates of 

m a x i m u m depth of burial and maximum temperatures attained. The thermal and 

burial histories presented in this study represent working models that will 

undoubtedly be modified as more data becomes available. 

Southern Mackenzie Delta 

In southern Mackenzie Delta (Fig. 8a), Jurassic strata (Bug Creek Group) were 

deposited about 205 M a (Dixon, 1982) and subsided below Lower Cretaceous 

strata (Parsons Group and Mount Goodenough and Arctic Red River Formations) 

to about 100 M a , with minor erosion and uplift at the end of the Berriasian 

and in the mid to late Hauterivian (Dixon, 1986; F i g . 8a). A major phase of 

uplift and erosion at the end of Albian time (90 Ma) was followed by burial 

beneath Upper Cretaceous strata (Boundary Creek or Smoking Hills Formations) 

and later by a period of minor erosion and/or non-deposition. Upper Cretaceous to 

early Tertiary sedimentation resulted i n . maximum burial at about 45 M a . A 

mid-Eocene unconformity (Hea et al. , 1980; Dixon, 1986) provides evidence for a 

major pulse of uplift and erosion culminating with erosion of the entire Upper 

Cretaceous to Tertiary sequence. Burial beneath Quaternary deposits resulted in 
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present day burial depths in southern Mackenzie Delta. 

Peel Plateau 

In Peel Plateau (Figs. 9a and 10a), Middle Devonian strata (Hume Formation) 

were deposited about 390 M a ( A . W . Norris, 1985); subsidence continued to about 

380 M a when a phase of epeiorogenic uplift (Kunst, 1973) or a period of 

non-deposition (Pugh, 1983) occurred. Rapid subsidence in Middle to Late 

Devonian was culminated by the Ellesmerian orogeny which resulted in a long 

period of uplift and erosion (Kunst, 1973; Pugh, 1983). The Peel Plateau 

remained emergent from Carboniferous to Berriasian time according to some 

authors (Miall, 1973; Poulton, 1982; Pugh, 1983) but others (Jeletsky, 1980; 

Dixon, 1986) suggest sedimentation continued from Late Jurassic to Berriasian 

time in Peel Plateau. In the present study, the burial history in Peel Plateau 

area (Figs. 9a and 10a) was modelled assuming deposition of Upper Jurassic to 

Berriasian strata, based on data from Jeletsky (1980) and Dixon (1986). 

Sedimentation resumed in Peel Plateau about 125 M a and continued to about 90 

M a when Lower to Upper Cretaceous strata (Rat River, Arctic Red River and 

Trevor Formations) were deposited (Dixon, 1986). The Trevor Formation is the 

youngest unit in northwestern Peel Plateau, although it is possible that younger 

rocks were deposited and subsequently removed by erosion (Yorath and Cook, 

1981). Minor uplift and erosion in early to mid Coniacian followed by Laramide 

deformation in Late Cretaceous to early Tertiary (Norris and Yorath, 1981) 

uplifted the strata to their present position. 
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Eagle Plain 

A different tectonic and depositional history was modelled for each well (Figs. 

11a to 19a) in Eagle Plain, based on geologic data and subsurface formation 

tops supplied by various published sources in addition to unpublished data 

supplied by the Geological Survey of Canada (Dixon and Hamblin , pers. comm., 

1986). Upper Silurian strata (Tatsieta Formation) were deposited about 415 M a 

( A . W . Norris , 1985) and subsided to about 380 M a . A minor period of uplift 

and erosion and/or a period of non-deposition lasted until about 375 M a (Martin, 

1973; Pugh, 1983). Sedimentation in Eagle Plain was uninterrupted until about 

355 M a when the Ellesmerian orogeny uplifted most of Eagle Plain (Martin, 

1973) with the exception of southern portion (Figs. 14a and 19a) where 

Carboniferous strata conformably overly Devonian strata (Pugh, 1983). Most of 

the Eagle Plain was emergent during the Carboniferous or Permian to E a r l y 

Jurassic (Martin, 1973; Jeletsky, 1975 and 1980). Sedimentation resumed in the 

western Eagle Plain about 205 M a (Bug Creek Formation of Jeletsky, 1975) and 

may have continued to about 135 M a (Valanginian to mid-Hauterivian orogeny; 

Jeletsky, 1980) or to about 130 M a (mid to late Hauterivian orogenj'; Dixon, 

1986) when E a r l y Cretaceous orogenesis resulted in erosion of most or all of the 

Jurassic to mid-Hauterivian sequence in Eagle Plain (Figs. 12a to 17a). 

Sedimentation resumed in late Hauterivian time and continued until Aptian time 

in most areas. A l l of Eagle Plain except the northern portion (Fig. 18a) was 

emergent during the Aptian (Dixon, 1986). Sedimentation continued in Albian time 

(Dixon, 1986), followed by a major period of uplift and erosion about 105 M a 

which was succeeded about 95 M a with deposition of Upper Cretaceous strata 
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(Eagle Plain Group). Sedimentation ended about 75 M a in Eagle Plain when 

Laramide tectonism uplifted and folded Eagle Plain (Dixon, 1986). 

(ii) Maturation histories 

In figures 8b to 19b the calculated D O M s of the oldest stratigraphic horizon 

modelled at each well are plotted, assuming geothermal gradients of 10 to 

5 0 ° C / k m . In figures 8c to 19c the calculated paleogeothermal gradients are 

compared to the measured maturation gradients. 

Comparison of the measured and calculated gradients suggests that the 

paleogeothermal gradients in southern Mackenzie ' Delta, Peel Plateau and 

north-central, northwestern, eastern and southeastern Eagle Plain range from 20 

to 4 5 ° C / k m (Figs. 8c to 14c). The models suggest low paleogeothermal gradients 

(10 to 2 0 ° C / k m ) for the central, most northern and western Eagle Plain (Figs. 

15c to 19c). Paleogeothermal gradients decrease from the eastern margin (35 to 

4 0 ° C / k m ) of Eagle Plain to the west (15 to 2 0 ° C / k m ) and to the north 

( 1 0 ° C / k m ; F i g . 5). 



4 < r 

Figures 8 to 19. a) Interpretation of burial histories of several stratigraphic 
horizons at each of 12 wells in the study area. The burial histories were 
determined by assuming uniform rates of uplift and subsidence. The small 
'kinks' in several of the plots represent minor erosion and uplift, based on 
geologic evidence derived from various authors cited (see text). These 
unconformities are included to show the complex burial history of strata in 
the study, area, although they have little effect on the maturation history 
(compare to Figs. 8b to 19b). In figures 9a and 10a, '?' denotes burial 
beneath Late Jurassic to E a r l y Cretaceous strata which are missing in Peel 
Plateau whereas are preserved in Richardson Mountains (900 m, Jeletsky, 
1980). In figures 12a to 17a and 19a, '?' denotes burial beneath E a r l y 
Jurassic to mid-Hauterivian strata which are missing in Eagle Plain 
whereas are preserved in the Richardson Mountains (up to 930 m, Jeletsky, 
1974). Abbreviation for horizons (groups and/or formations) modelled: 
K E P N = Eagle Plain Group; K w r = Albian map unit; K A R = A r c t i c Red River; 
K R R = R a t River; K M G = Mount Goodenough; J M R = M u r r a y Ridge (base of 
Parsons Group); P J C = Jungle Creek; C E = Ettrain; un. Carb. =unnamed 
Carboniferous strata overlying H a r t River Formation; C H R = H a r t River; 
C F = Ford Lake Shale; C T = Tuttle; DI = Imperial; D C A = Canol ; D O = Ogilvie; 
D H L ! = H u m e ; K U T = Kutchin: T A T = Tatsieta. 

b) Maturation history for a single horizon (the oldest, horizon) at each well 
assuming various paleogeothermal gradients and a surface temperature of 
2 0 ° C . Each of the stratigraphic horizons in figures 8a to 19a were so 
modelled in order to calculate curves shown in figures 8c to 19c. 

c) Calculated and measured maturation gradients for 12 wells in the area 
of study. The gradients have all been plotted through the origin (0.15% 
Rorand) to facilitate comparison of slopes. The heavy line is the measured 
maturation gradient and light lines are calculated paleogeothermal gradients. 
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Figures 10 a), b), c) Western Pee) 
Plateau. Devonian strata (Hume, 
Canol and Imperial Formations) 
entered the oil window in the 
Late Devonian to Ear ly 
Carboniferous whereas exited 
the oil generation zone in Early 
Permian to Late Jurassic time. 
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Figures 12 a), b), c) Northwestern 
Eagle Plain. Devonian strata 
(Tatsieta, Ogilvie. Canol and 
Imperial Formations) entered the 
oil window in Late 
Carboniferous to Permian time 
whereas Carboniferous (Tuttle 
Formation) and Lower 
Cretaceous (map unit Kwr) 
strata did not enter the oil 
window until Tertiary time. The 
Early Devonian Tatsieta 
Formation exited the oil window 
in Late Cretaceous to Early 
Tertiary time whereas younger 
strata are still within the oil 
window. 
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Figures 14 a), b), c) Southeastern 
Eagle Plain. Devonian strata 
(Tatsieta, Ogilvie. Canol and 
Imperial Formations) entered the 
oil window in Carboniferous to 
Permian time during deep burial 
whereas Carboniferous and 
Permian strata (Ford Lake 
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b. Thickness of Eroded Section 

The thickness of eroded section can be calculated by extrapolating the measured 

maturation gradients to 0.15% Rorand. This value, 0.15% Rorand, is close to the 

lowest D O M measured in the Eagle Plain (0.16% Rorand) and is considered the 

'zero D O M ' (see also England and Bustin, 1986 and Bustin, 1986). A n inherent 

assumption in calculating the amount of removed overburden is that the 

measured maturation gradient is representative of the maturation gradient of the 

eroded section. Inasmuch as the measured maturation gradients do not change 

across subsurface unconformities (erosional surfaces; Fig .s ' 4d, e, h-k), such an 

assumption is reasonable in the study area. 

The amount of eroded section at the 1-50 well in western Peel Plateau (Fig. 4 

c) is calculated by extrapolating the maturation gradient measured in Devonian 

strata; a maturation gradient could not be calculated for Lower Cretaceous strata 

due to a poor fit of reflectance data. A substantial increase in the D O M across 

the contact of Lower Cretaceous and Upper Devonian strata at the 1-50 well 

(0.26% to 0.42% Rorand) indicates that maturation of pre-Aptian strata is mainly 

pre-Aptian, as discussed in Appendix C (on file in geology department, U B C ) . 

The thickness of eroded section varies from 0.7 to 4.7 km based on 

interpretation of measured maturation gradients. In Peel Plateau, approximately 

1.7 k m of post-Upper Devonian section has been eroded. In eastern Eagle Plain, 

the amount of removed post-Carboniferous overburden is on the order of 2.6 to 

2.8 k m whereas in western Eagle Plain, up to 4.7 km of coeval strata have 
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been eroded. In northwestern Eagle Plain, about 3.5 k m of post mid-Cretaceous 

section has been eroded which is almost three times the amount of coeval 

overburden which has been removed in southern Mackenzie Delta (1.1 km). 

Estimates of the eroded Upper Cretaceous section vary significantly from central 

to northern Eagle Plain (0.7 to 3.4 km) and thus help define Late Cretaceous 

depositional patterns. 

(i) Consideration of Sedimentation and Denudation Rates 

In order to determine if the amount of eroded section calculated by extrapolation 

of the measured maturation gradients is reasonable, the amount of section that 

could be deposited and eroded has been estimated by using sedimentation and 

denudation rates calculated from the preserved section in the study area. 

Appendix C (on file in geology department, U B C ) summarizes the details of these 

calculations and discusses the implications of thickness of eroded section with 

respect to depositional patterns and paleogeothermal gradients. Table II 

summarizes the results of these calculations and shows that is it geologically 

reasonable to deposit and subsequently erode at least the amount of eroded 

section calculated by extrapolation of measured maturation gradients. 

In Peel Plateau, sedimentation rates of 78 to 90 m / M a during the Jurassic to 

Berriasian and 26 to 30 m / M a in Barremian to Late Cretaceous time could 

deposit 1.5 to 2.4 km of sediment, which agrees with the amount of eroded 

section (1.7 km) calculated by extrapolating the measured maturation gradients 

(Figs. 4b and c). The amount of eroded post-Carboniferous section in Eagle Plain 
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(2.6 to 4.7 km) agrees with estimates of the missing section (4.1 to 5.9 km) 

derived from sedimentation rates of 30 to 35 m / M a during the Permian, 13 to 

15 m / M a in the Jurassic to mid-Hauterivian, 72 to 83 m / M a during late 

Hauterivian to Albian time and 98 to 113 m / M a in Late Cretaceous time. 

Estimates of eroded Upper Cretaceous section (0.7 to 2.2 km) in Eagle Plain 

concur with the amount of eroded section (2 to 2.3 km) calculated from 

sedimentation rates of 98 to 113 m / M a during the Late Cretaceous, except in 

northern Eagle Plain where 3.4 to 3.5 km of removed Upper Cretaceous 

overburden was calculated by extrapolation of measured maturation gradients. The 

amount of eroded section calculated for the A-37 well in southern Mackenzie 

Delta (1.1 km) is about half the amount of missing section (2.1 to 2.3 km) 

estimated from sedimentation rates of 46 to 53 m / M a during the Late 

Cretaceous and 62 to 72 m / M a in Late Cretaceous to Tert iary time. 
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Table II. Comparison of calculated thickness of eroded section using sedimentation 
rates based on the preserved section, to the amount of eroded section calculated 
by extrapolation of measured maturation gradients (see Appendix C for details, 
on file in geology department, U B C ) . The unconformity at each well represents 
the age of the strata in which the well was spudded. Calc. Thick and Sed. 
Thick. = amount of eroded section, calculated using measured maturation 
gradients and sedimentation rates respectively. Unconformities: 
mid-Cret=mid-Cretaceous; Carb = Carboniferous, which includes erosion of Jurassic 
to Albian and Upper Cretaceous strata at the D-77 well in addition to Permian 
strata at the B-62 and N-05 wells; Late D e v = L a t e Devonian in the Peel 
Plateau which includes erosion of Jurassic to Berriasian strata at the 1-50 well, 
in addition to Barremian to Turonian strata at the H-57 well. The thickness of 
eroded section at the 1-50 well includes the preserved Lower Cretaceous section 
(0.26 k m ; 1.2 to 1.4 km calculated from sedimentation rates, plus 0.26 k m = 1 . 5 
to 1.7 km); pre-Apt=pre-Aptian; Upper C r e t = U p p e r Cretaceous. 

Well location Unconformity Calc. Thick. Sed. Thick. 
(km) (km) 

A-37 mid-Cret 1.1 2.1-2.3 

B-62 Carb 4.7 5.0-5.9 

N-05 l l 2.6 5.0-5.9 

D-77 Permian 2.8 4.1-4.8 

C-18 Upper Cret 1.9 2.0-2.3 

J-19 i t 2.2 t l 

N-58 t t 1.8 It 

J-70 II 3.4 II 

0-22 i t 0.7 IT 

H-57 Late Dev 1.7 2.0-2.4 

1-50 Late Dev 
pre-Apt 

to 1.7 1.5-1.7 

N-53 mid-Cret 3.5 2.0-2.3 
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E . D I S C U S S I O N 

1. Interpretation of Paleogeothermal Gradients 

The paleogeothermal gradients interpreted from modelling of the maturation 

gradients in the study area agree with the general geological setting of the 

deposits. The maturation gradients and calculated paleogeothermal gradients from 

Peel Plateau (0.32 log Rorand/km, 40 to 4 5 ° C / k m ) , southern Mackenzie Delta 

(0.23 log Rorand/km, 30 to 3 5 ° C / k m ) and eastern, northwestern and north-central 

Eagle Plain (0.18 to 0.29 log Rorand/km, 20 to 3 5 ° C / k m ) fall within the limits 

of what is regarded as 'normal' gradients for intracratonic sedimentary basins (20 

to 4 5 ° C / k m ; Gretener, 1981). 

In the central, western and most northern portion of Eagle Plain, the maturation 

and interpreted paleogeothermal gradients (10 to 2 0 ° C / k m ) are relatively low but 

similar to present day gradients in parts of the study area ( A . A . P . G . , 1976). 

The low maturation gradients may reflect rapid sedimentation and uplift or, 

alternatively, low heat flow. Thermal conductivit}' contrasts cannot explain lower 

gradients because the gross thermal conductivity differences are small in 

interbeded sandstones, siltstones and shales comprising the Carboniferous to Upper 

Cretaceous sequence in Eagle Plain. 

The low maturation gradients measured in the Western Canadian Sedimentary 

Basin (England and Bustin, 1986) and the Gippsland Basin (Shibaoka and 

Bennet, 1977) have been ascribed to rapid sedimentation and uplift such that an 
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equilibrium gradient may never have existed. Similarily, the low measured 

maturation gradients in parts of Eagle Plain m a y reflect rapid sedimentation and 

uplift or, alternatively, low paleoheat flow. Paleoheat flow calculated from the 

maturation gradients (assuming a constant thermal conductivity of 2 W / m ° C ) , 

although low .(20 to 40 m W / m 2 ) , are not uncommon and have been reported 

from parts of the Western Canadian Sedimentary Basin ( A . A . P . G . , 1976), from 

the Great Plains of the central United States and the W y o m i n g Basin (Sass et 

al . , 1981). The Eagle Plain coincides in position with the Eagle Fold Belt which 

lies within a deep re-entrant in the Ogilvie Mountains (part of the Taiga-Nahoni 

Fold Belt, D . K . Norris , 1985) and has experienced less tectonism than adjacent 

mountainous areas. Maturation gradients increase from Eagle Plain towards the 

Richardson and Ogilvie Mountains where the tectonic framework is more complex 

than in Eagle Plain ( D . K . Norris, 1985). Hence, low paleogeothermal gradients in 

the central, western and northern Eagle Plain may reflect low paleoheat flow 

associated with relative tectonic stability and/or rapid sedimentation and uplift in 

the Late Cretaceous. 

2. Interpretation of Maturation Levels 

The D O M of Upper Cambrian to Upper Cretaceous strata in the study area 

reflects both the paleogeothermal gradient and the maximum depth of burial. 

Time-temperature modelling indicates that the maturity level of Upper Cambrian 

to Upper Cretaceous strata increases from central and north-central to 

northwestern, western and northern Eagle Plain due to a corresponding increase 

in the depth of burial (Figs. 11a to 19a). A slight decrease in the D O M of 
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Lower and Upper Cretaceous strata from south-central to east-central portion of 

Eagle Plain (Figs. 7i and j) is interpreted to be an effect of deeper burial in 

the axis of the Upper Cretaceous to Tertiary Eagle Plain intermontane (Martin, 

1973) basin. The increase in D O M of Upper Cambrian to Carboniferous strata 

(Road River Group, Ford Lake Shale, Tatsieta, Kutchin, Ogilvie, Hume, Hare 

Indian, Canol , Imperial and H a r t River Formations), on the other hand, from 

central to eastern and southeastern Eagle Plain is due to corresponding higher 

maturation (0.26 to 0.29 log Rorand/km) and interpreted paleogeothermal (30 to 

4 5 ° C / k m ) gradients (compare Figs. 15c, 16c and 17c to 13c and 14c). 

In Peel Plateau, time-temperature modelling indicates that maturation of Middle to 

Upper Devonian strata (Hume, Canol and Imperial Formations) increases from 

east to west due to a corresponding deeper burial both * in the Devonian and in 

Jurassic to Ear ly Cretaceous time (Figs. 9a and 10a). 

3. A n o m a l o u s M a t u r a t i o n L e v e l s 

a. Richardson Mountains 

Maturi ty levels not consistent with regional trends were obtained from Upper 

Devonian to Lower Cretaceous strata on the west side of the Treeless Creek 

Fault in the central Richardson Mountains (see Figs. 7d, g-i). The Treeless Creek 

Fault is one of a series of near-vertical faults comprising the Richardson Fault 

array; the fault may be southern extension of the Cape Kellet Fault Zone 

(Norris and Yorath, 1981) which marks a hinge to the west and south of which 
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the dip and thickness of the Phanerozoic succession increases rapidly (Lerand, 

1973). The Richardson Fault A r r a y was active from the Late Proterozoic to 

E a r l y Carboniferous and again in the E a r l y Tertiary (Norris and Yorath, 1981); 

up to about 2500 m of vertical separation at the pre-Mesozoic level has been 

identified in the northern part of the array (Cote et al. , 1974). Inasmuch as the 

D O M of Upper Devonian to Lower Cretaceous strata in the central Richardson 

Mountains reflects the stratigraphic level, the rapid increase in the D O M across 

the Treeless Creek Fault m a y be a result of deeper burial due to rapid 

subsidence caused by foundering of graben blocks within the Richardson Fault 

A r r a y . 

High paleoheat flow may explain the rapid increase in maturation levels towards 

the central Richardson Mountains from Peel Plateau and Eagle Plain. Although 

maturation gradients could not be measured in the Richardson Mountains due to 

poor exposure, high paleoheat flow associated with tectonism may have produced 

high paleogeothermal gradients (greater than 4 5 ° C / k m ) . Maturation levels of 

Upper Cambrian to Lower Cretaceous strata in the Richardson Mountains and of 

Upper Cambrian to Carboniferous strata in the Ogilvie Mountains are generally 

higher than in Eagle Plain and Peel Plateau. Furthermore, measured maturation 

gradients in Eagle Plain increase both to the east (0.26 log Rorand/km) and to 

the southeast (0.29 log Rorand/km), in the directions of the Richardson and 

Ogilvie Mountains, respectively. Assuming a constant thermal conductivity of 2.0 

W / m ° C , the paleoheat flow on the western flank of the Richardson Mountains is 

estimated at 70 m W / m 2 (paleogeothermal gradient=35 ° C / k m ) and, on the 

northern margin of the Ogilvie Mountains, at 80 m W / m 2 (paleogeothermal 
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g r a d i e n t = 4 0 ° C / k m ) . Such high heat flow is not uncommon in tectonically active 

areas (see summary by Sass et al . , 1981 and Gretener, 1981) and, as as 

discussed above, the Richardson Fault array has been active since late Proterozoic 

to E a r l y Carboniferous time. Both the Richardson and Ogilvie Mountains are 

major Tert iary elements (Norris and Yorath , 1981), but high paleoheat flow must 

have existed prior to Tertiary time because maturation is considered pre-orogenic 

(pre-Tertiary, as discussed later). Additional regional study is required to resolve 

whether or not high paleoheat flow and/or deep burial on the downthrown side of 

normal faults in the Richardson Mountains is responsible for the higher 

maturation levels. It must also be noted that the pattern of maturation in the 

Richardson Mountains is probably much more complex than indicated by the 

present study because the Richardson Fault array consists of a number of blocks 

that were free to move up, down or laterally (Norris and Yorath, 1981) and 

consequently experienced different burial and thermal histories over small 

distances. 

b. Campbell Uplift 

Anomalously high paleoheat flow associated with basement uplift may explain the 

relatively high D O M (1.60% Rorand) in Lower Cretaceous strata on the Campbell 

Uplif t and the progressive decrease in D O M away from (0.92% Rorand) the 

Uplift (Fig. 7i). The Campbell Uplift is one of several elements comprising the 

Aklavik A r c h Complex in which many unconformities attest to prolonged and 

intermittent tectonic activity involving basement (Norris and Yorath, 1981). 

Inasmuch as the high calculated maturation gradient on the northwest limb of 
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the uplift (0.94 log Rorand/km, F i g . 5) suggests a high paleogeothermal gradient 

(greater than 4 5 ° C / k m ) , the Campbell Uplif t may represent basement uplift with 

paleoheat flow greater than 90 m W / m 2 . Such high paleoheat flow is not 

uncommon in areas of active basement uplift (Gretener, 1981) and is required to 

attain a high D O M (up to 1.60% Rorand) during a 'cooking time' of about 110 

M a because Lower Cretaceous strata were never deeply buried in the area of 

the Campbell Uplift (see Young et al. , 1976). The gradual decrease in the D O M 

away from the Campbell Uplift supports the suggestion of a broad, anticlinal 

feature associated with basement uplift and associated high heat flow. 

4. Hydrocarbon Generation Models 

a. Regional Variation in Maturation Levels with Respect to Hydrocarbon Generation 

The regional variation in maturation levels with respect to hydrocarbon generation 

(immature, mature and overmature) are illustrated by projecting measured 

maturation levels (% Rorand and C A I ; F i g . 6) onto a cross-section through part 

of the study area (Fig. 20). Maturation increases with structural complexity from 

the Interior Platform (Peel Plateau) and Eagle Fold Belt (Eagle Plain) towards 

the Richardson Anticlinorium (Richardson Mountains) and from the Eagle Fold 

Belt towards the Taiga-Nahoni Fold Belt (Ogilvie Mountains). Mesozoic strata are 

immature to marginally mature in the Interior Platform, Eagle Fold Belt and 

Taiga-Nahoni Fold Belt and mature to overmature in the Richardson 

Anticlinorium. Paleozoic and Mesozoic strata are overmature on the Campbell 

Uplift , in the northwestern corner of the Interior Platform. Upper Paleozoic strata 
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are immature to marginally mature in the central Eagle Fold Belt but are 

mature to overmature in all other areas of the study. Lower Paleozoic strata are 

overmature in all regions. 

The regional maturity pattern in the study area is further illustrated with a 

map of the depth to the oil window (Fig. 21). The map was constructed by 

calculating the depth to the oil window (0.61% Rorand; Waples, 1980) at each 

well location using the regression line equations in figure 4 and by contouring 

surface control points. F r o m east to west across Peel Plateau, the depth to the 

oil window increases slightly, due to the correspondingly thicker Lower Cretaceous 

fill, but intersects the surface (0 km) in the northeast corner of the study area 

(toward the Campbell Uplift). In southern Mackenzie Delta, the depth to the oil 

window increases to over 1 k m and then reaches the surface (0 km) to the 

west, in the Cordilleran orogen. The depth to the oil window progressively 

decreases from over 1 km in the central Eagle Plain to 0 k m in the eastern, 

western and southeastern Eagle Plain. In the northern and south-central Eagle 

Plain, the oil window is at depths over 2 k m which corresponds to a present 

day thicker Upper Cretaceous fill and interpreted thicker eroded Upper Cretaceous 

section in northern Eagle Plain. One effect of the relatively low paleogeothermal 

gradients in the central Eagle Plain is the great thickness of Carboniferous to 

Upper Cretaceous strata which have never entered the oil window. 

In the Richardson and Ogilvie Mountains, the depth to the oil window intersects 

the surface, or projects above the surface, which is interpreted to be a result of 

higher paleoheat flow. High maturation levels in the Richardson Mountains are 
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also a result of deeper burial due to rapid subsidence associated with the 

foundering of grabens in the Richardson Fault A r r a y . 
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b. Timing of Hydrocarbon Generation 

Potential source rocks are composed mainly of type III O M (see part II of 

thesis). The timing of hydrocarbon generation has been estimated in the study 

area using the burial and thermal history plots (Figs. 8 to 19) and the limits of 

the oil window for type III organic matter (0.61% to 1.35% Rorand, Waples, 

1980). In Eagle Plain, Devonian strata entered the oil window in the Late 

Carboniferous to Permian during deep burial (Figs. 11a to 14a and 19a). The 

Middle and Upper Devonian sequence exited the oil window in Permian to Late 

Cretaceous time in western and eastern Eagle Plain (Figs. 13a, 14a and 19a) 

but are presently within the oil window in northwestern Eagle Plain (Fig. 12a). 

Carboniferous and Permian strata in western Eagle Plain (Fig. 19a) entered the 

oil window in the Late Carboniferous but not until the E a r l y Jurassic in 

southeastern Eagle Plain (Fig. 14a) and the Late Cretaceous to E a r l y Tertiary in 

northwestern and eastern Eagle Plain (Figs. 12a and 13a). The earlier onset of 

H C generation in western Eagle Plain than in other parts of Eagle Plain can be 

explained by deeper burial during the Carboniferous and Permian in the western 

Eagle Plain. Most of the Carboniferous sequence exited the oil window during the 

Late Cretaceous in western Eagle Plain (Fig. 19a) but are presently mature in 

northwestern (Fig. 12a), eastern (Fig. 13a) and southeastern (Fig. 14a) Eagle 

Plain. Carboniferous, Permian and Lower Cretaceous strata in the central Eagle 

Plain have not entered the oil window due to a combined effect of shallow burial 

depths (Figs. 15a, 16a and 17a) and low maturation gradients (0.15 to 0.18 log 

Rorand/km). Only in the northwestern Eagle Plain (Fig. 12a) are Lower 

Cretaceous strata mature; here the D O M required for hydrocarbon generation was 
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attained just after deep burial in Late Cretaceous time. 

In western Peel Plateau, the onset of hydrocarbon generation in Devonian strata 

occurred in Late Devonian to E a r l y Carboniferous time, but not until the Late 

Jurassic to E a r l y Cretaceous in eastern Peel Plateau as a result of shallower 

burial depths (Figs. 9a and 10a). The Devonian succession exited the oil window 

in Ear ly Permian to Late Jurassic time in western Peel Plateau whereas the 

strata are presently mature in eastern Peel Plateau. Lower Cretaceous strata in 

western Peel Plateau are immature as a result of shallow burial (Fig. 10a). 

In southern Mackenzie Delta, Jurassic strata (lower part of Bug Creek Group) 

entered the oil window during the Late Cretaceous to E a r l y Tertiary when they 

reached their maximum burial depths. Strata younger than Middle Jurassic age 

are immature (Fig. 8a). 

(i) Timing of Hydrocarbon Generation Relative to Structure 

Inasmuch as Rorand values reflect the stratigraphic rather than structural level 

of the strata in almost all areas of the study, maturation is considered to be 

pre-tectonic and thus pre-date Laramide orogeny' (Late Cretaceous to mid-

Tertiary; D . K . Norris, 1985; Dixon, 1986). Thus, hydrocarbons could potentially 

have been generated from petroleum source rocks in the study area and hence 

were available for migration prior to formation of structural traps during 

Laramide orogenesis. The timing of hydrocarbon generation must also be 

considered with respect to major erosional episodes which can potentially erode 



74 

and/or degrade trapped hydrocarbons. Hydrocarbons generated during Devonian to 

Late Carboniferous time in western Peel Plateau and western Eagle Plain, and 

during Jurassic to Ear ly Cretaceous time in southeastern Eagle Plain and eastern 

Peel Plateau m a y have been eroded and/or degraded accompanying Columbian 

(Hauterivian) and/or mid-Cretaceous (Aptian) orogenesis. 

F . S U M M A R Y A N D C O N C L U S I O N S 

1. The D O M of Upper Cambrian to Upper Cretaceous strata in the northern 

Y u k o n and northwestern District of Mackenzie generally reflects the stratigraphy 

and maturation is considered to be pre-orogenic (pre-Laramide). The variation in 

D O M reflects a wide range of maturation gradients in Eagle Plain (0.10 to 0.29 

log Rorand/km) and the effects of timing and magnitude of the maximum depths 

of burial. 

2. Coeval strata are generally less mature in southern Mackenzie Delta, Peel 

Plateau and Eagle Plain than in the Richardson and Ogilvie Mountains. C A I 

values of 3.5 to 5 occur in Upper Cambrian to Middle Devonian ^strata. The 

D O M at the base of Middle Devonian (Givetian) strata varies from 0.79% to 

3.75% Rorand whereas the regional variation in D O M at the base of Upper 

Devonian strata ranges from 0.80% to 2.13% Rorand. Reflectance values vary 

laterally from 0.50% to 1.69% Rorand at the base of Carboniferous strata and 

from 0.24% to 1.39% Rorand at the base of Lower Cretaceous strata. Upper 

Cretaceous strata have the lowest D O M with reflectance values at the base 

ranging laterally from 0.38% to 0.53% Rorand in Eagle Plain. 
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3. The D O M of all Upper Devonian to Lower Cretaceous strata increases rapidly 

from east to west across the Treeless Creek Fault in the central Richardson 

Mountains. The rapid increase in D O M is interpreted to be, at least in part, a 

result of deep burial due to rapid subsidence caused by the foundering of 

grabens within the Richardson Fault A r r a y . Measured maturation gradients in 

Eagle Plain increase in the directions of the Richardson and northern Ogilvie 

Mountains. H i g h paleoheat flow prior to Tertiary tectonism may also be 

responsible for the higher D O M s within strata of the same age in the 

Richardson and Ogilvie Mountains than in the adjacent areas (Eagle Plain and 

Peel Plateau). 

4. Anomalously high reflectance values for Lower Cretaceous strata (1.60% 

Rorand) which occur on the Campbell Uplift are interpreted to be a result of 

high paleoheat flow associated with basement uplift. 

5. In Peel Plateau and the southern Mackenzie Delta paleogeothermal gradients 

ranging from 20 to 4 5 ° C / k m are interpreted from time-temperature modelling of 

the measured maturation gradients (0.23 to 0.32 log Rorand/km). Paleogeothermal 

gradients calculated from measured maturation gradients (0.10 to 0.27 log 

Rorand/km) increase from 10 to 2 0 ° C / k m in western and central Eagle Plaiin to 

20 to 4 5 ° C / k m towards the Richardson and Ogilvie Mountains. The low 

maturation (0.10 to 0.18 log Rorand/km) and interpreted paleogeothermal (10 to 

2 0 ° C / k m ) gradients reflect low paleoheat flow and/or rapid sedimentation and 

uplift in the Late Cretaceous. A s a result of of the low paleogeothermal 

gradients, a great thickness (and volume) of Carboniferous to Upper Cretacecous 
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strata in the subsurface of the central Eagle Plain are immature (< 0.61% 

Rorand). 

6. Time-temperature modelling in. the study area shows that for Devonian strata, 

the D O M required for hydrocarbon generation was attained in the Late Devonian 

to E a r l y Carboniferous in the Peel Plateau but not until Late Carboniferous to 

Permian time in Eagle Plain. The Devonian sequence exited the oil window in 

Carboniferous to E a r l y Tertiary time in most of the study area. Carboniferous 

and Permian strata in western Eagle Plain entered the oil window in the Late 

Carboniferous but not until Ear ly Jurassic time in southeastern Eagle Plain and 

Late Cretaceous to Earlj- Tertiary time in northwestern and eastern Eagle Plain, 

due to corresponding deeper burial during the Late Carboniferous to Permian in 

southern and western Eagle Plain. Most of the Carboniferous sequence left the oil 

window during the Late Cretaceous in western Eagle Plain but are still within 

the oil window in northwestern, eastern and southeastern Eagle Plain. In central 

Eagle Plain, Carboniferous and Permian strata are immature as a result of 

shallow burial depths and lower maturation (0.10 to 0.18 log Rorand/km) and 

thus paleogeothermal gradients (10 to 2 0 ° C / k m ) . Lower and Upper Cretaceous 

strata in most of Eagle Plain have not entered the oil window due to low 

maturation and thus paleogeothermal gradients (10 to 2 0 ° C / k m ) in central Eagle 

Plain and shallow burial depths in north-central Eagle Plain. In Peel Plateau and 

southern Mackenzie Delta, Lower Cretaceous strata are immature as a result of 

shallow depths of burial whereas in northwestern Eagle Plain, these strata 

entered the oil window in Tertiary time just after maximum burial. 
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7. Calculated thicknesses of eroded section are consistent with approximated 

sedimentation and denudation rates. In Peel Plateau, approximately 1.7 k m of 

post-Upper Devonian section has been eroded whereas the amount of removed 

post-Carboniferous overburden is on the order of 2.6 to 2.8 k m in eastern Eagle 

Plain and up to 4.7 k m in western Eagle Plain. In northwestern Eagle Plain, 

about 3.5 k m of post mid-Cretaceous section has been eroded which is almost 

three times the amount of coeval overburden which has been removed in 

southern Mackenzie Delta (1.1 km), either because burial was deeper in the 

Eagle Plain during Late Cretaceous to Ear ly Tert iary time, or because the 

calculated maturation gradient in southern Mackenzie Delta is not representative 

of the paleogeothermal gradient of the eroded section. Estimates of the amount of 

eroded Upper Cretaceous section vary significantly from central to northern Eagle 

Plain (0.7 to 3.4 km) and thus help define Late Cretaceous depositional patterns. 

Consideration of erosion and sedimentation rates calculated from the preserved 

section of various ages of strata in the study area indicates that it is 

geologically reasonable to deposit and subsequently erode at least the amount of 

eroded section calculated by extrapolation of the measured maturation gradients. 
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V. PART II. PETROLEUM SOURCE POTENTIAL OF PHANEROZOIC 

STRATA IN NORTHERN YUKON AND NORTHWESTERN DISTRICT OF 

MACKENZIE 

A. ABSTRACT 

R o c k - E v a l / T O C analysis and organic petrography have been used to evaluate the 

petroleum source rock potential of the Phanerozoic succession in the northern 

Y u k o n and northwestern District of Mackenzie. Average total organic carbon 

(TOC) contents are generally low to moderate (0.1 to 2.0%) but organic-rich 

intervals occur throughout the studied succession. T O C values of up to 14.5% are 

present in the Upper Cretaceous Eagle Plain Group, values up to 9.5% occur in 

the Middle Devonian Canol Formation and Upper Cambrian to Lower Devonian 

Road River Group and values up to 5.0% are present in the Lower Cretaceous 

map unit K w r and Mount Goodenough Formation, the Lower Cretaceous and 

Jurassic H u s k y Formation, the Jurassic Porcupine River Formation and the Upper 

Carboniferous Blackie and H a r t River Formations and the Ford Lake Shale. The 

organic matter (OM) is dominantly type III except for minor amounts of type I 

or II in Lower Paleozoic strata and locally a mixture of type II and III in 

Middle Devonian, Carboniferous, Jurassic and Lower Cretaceous strata. 

The significant deviation in the quality of organic matter (QOM) is a result of 

variation in the level of organic maturity, the type of organic matter and, in 

some cases, migration. Average Q O M values are generally low to moderate (0.01 

to 1.5 mg H C / g Corg) and, along with low to moderate hydrogen indexes (HI, 
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<300 mg H C / g Corg), suggest poor to moderate petroleum source potential. 

Relatively few examples of potential oil prone source rocks (type I or type II 

O M ) occur, but these include the upper and lower parts of the Road River 

Group and some intervals in the Hare Indian, Canol, H a r t River, Blackie, Mount 

Goodenough and Arctic Red River Formations, the Ford Lake Shale, unnamed 

Carboniferous unit and the map unit K w r . Gas prone (type III O M ) source rocks 

comprise the Blackie, H u s k y , Mount Goodenough and Arctic Red River Formations 

and the B u g Creek Group and map unit K w r . Carbonaceous samples from the 

Porcupine River Formation and the Eagle Plain Group also have some gas 

potential. 

For some strata, the variation in source rock quality closely reflects the 

depositional environment. The distribution of T O C in the Road River Group 

closely parallels the sedimentology of the strata; graptolite-bearing and siliceous 

shales of the Loucheux and Vitreekwa Formations of deep water origin 

(Richardson and Blackstone Troughs) have the highest T O C content. Organic-rich 

shales containing a mixture of type II and III O M in the Canol Formation 

coincide with sediments deposited in upwelling zones during widespread 

transgression across the continental shelf during the Devonian. Variations in T O C 

content of the Imperial Formation may be related to differences in sedimentation 

rates between turbidite and deltaic deposition. Organic-rich shales of the Ford 

Lake Shale which contain a mixture of type II and III O M , are considered to 

have been deposited on the continental shelf during a transgression in the Ear ly 

Carboniferous. Jurassic to Lower Cretaceous strata comprising the B ug Creek 

Group, H u s k y Formation and Parsons Group are characterized by marine shelf 
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sediments in which T O C closely mimics variable sediment supply and 

transgressive and regressive episodes. Terrestrial O M (type III) is abundant in 

samples with low T O C of the M u r r a y Ridge, Aklavik, M a r t i n Creek, H u s k y and 

McGuire Formations which are regressive sequences. High T O C values occur in 

transgressive desposits of the Richardson Mountain and H u s k y Formations. Deltaic 

sediments of the Porcupine River Formation, in part equivalent to the H u s k y 

Formation, contain mostly type III O M . The Mount Goodenough and Arctic Red 

River Formations and the map unit K w r are low-energy shelf deposits with a 

wide range of T O C values. Type III O M is dominant in Lower Cretaceous 

strata; a mixture of type II and III O M in some samples is more typical of 

marine shale facies comprising parts of the succession. Variations in average 

T O C (1.4 to 4.9%) in the Eagle Plain Group may be related to local bathymetric 

highs and lows on the shelf or, alternatively, to significant input of terrestrial 

O M in a nearshore to inner shelf depositional environment. 

B . I N T R O D U C T I O N 

Organic geochemical evaluation of basins requires identification of potential 

petroleum source rocks, establishing the degree of organic maturation (DOM) and 

determing the regional extent of hydrocarbon source rocks and organic facies. The 

petroleum source rock potential of several organic-rich units in the northern 

Y u k o n and northwestern District of Mackenzie has been alluded to previously 

(Hume and Link, 1945; Tassonyi, 1969; G r a h a m , 1973; M a r t i n , 1973; Kunst , 

1973; Cote et al. , 1975: Pugh, 1983; A . W . Norris, 1985; and D . K . Norris, 

1985) but little or no geochemical data have accompanied these discussions. The 
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present study is the first systematic attempt to determine the organic content 

and character, and the petroleum source potential of the Phanerozoic succession in 

the northern Yukon and northwestern District of Mackenzie. 

Microscopic examination of samples combined with organic geochemical analysis 

can be utilized to assess the origin and hydrocarbon source potential of 

organic-rich sediments (Espatilie et al. , 1977; Hunt, 1979; D u r a n d , 1980; Waples, 

1980; Tissot and Welte, 1984; Bustin et al . , 1985; and many others). In this 

study, Rock-Eval pyrolysis and organic petrography are used to identify and 

quantify petroleum source rocks and to determine the degree of organic maturity 

(DOM). The regional extent of possible hydrocarbon source rocks and organic 

facies are documented and, combined with thermal maturity data, are used to 

delineate areas of potential hydrocarbon generation. The variation in source rock 

quality appears to closely reflect the interpreted depositional environment of some 

of the strata and thus help define the regional extent of potential hydrocarbon 

source rocks. 

This research must be considered a reconnaissance because it is the first attempt 

to study the thermal maturation and petroleum source potential of Phanerozoic 

strata in the study area and, because of the large geographic area, complex 

geologic history and various tectonic elements. It is hoped that this paper will 

provide working models that can be modified as further study warrants. 
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C. METHODS 

The petroleum source rock characteristics of 240 outcrop and 818 well cutting 

samples were determined by Rock-Eval pyrolysis (Espitalie et al. , 1977) and 

organic petrography (I .C.C.P. , 1971) using standard procedures. Cuttings samples 

were sieved and the < 2 m m (-10 mesh) portion was washed to remove 

water-soluble drilling mud contaminants prior to crushing. Outcrop and well 

cuttings samples were crushed and pulverized with a centrifugal grinding mill to 

approximately 170 / im (80 mesh) particles. A portion of the pulverized sample 

was used to prepare organic concentrates for vitrinite reflectance measurements. 

Sample sizes for Rock-Eval were 100 mg for samples with < about 3% total 

organic carbon (TOC) and 5 to 50 mg for samples with > about 3% T O C . 

Included in this study are some 4700 Rock-Eval analyses from Eagle Plain on 

open file with the Geological Survey of Canada (Snowdon, 1987a). 

Interpretation of Rock-Eval data in this study is based on parameters and their 

experimental limits documented by Espitalie et al. (1985) and Peters (1986). 

Table III summarizes the measured and calculated parameters derived from 

R o c k - E v a l / T O C analysis. T O C is used to indicate organic richness; (S ^ + S 2 ) 

indicates the hydrocarbon (HC) potential (genetic potential; Tissot and Welte, 

1984, p. 218); [(S^ + S 2 ) / T O C ] expresses the relative quality of organic 

matter (QOM) and the S 2 / S 3 ratio is used to indicate the types of products (oil 

or gas) that will be generated from source rocks at a D O M equivalent to 0.6% 

(Peters, 1986). The Q O M is a measure of the type of O M and thermal 

maturity; high ratios indicate immmature to mature hydrogen-rich strata. 
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Table III. Measured and calculated paramaters derived from R o c k - E v a l / T O C 
analysis. O M = Organic matter; . H C ' s = hydrocarbons. 

a. Measured parameters. 

j 5 j j _ H C ' s generated at < 3 0 0 ° C 

S 2 : H C ' s generated from 3 0 0 ° - 6 0 0 ° C 

S 3 : Organic C 0 2 generated from 3 0 0 ° - 6 0 0 ° C 

T m a x : Temperature of maximum rate of evolution of pyrolysis H C ' s 

T O C : Total Organic Carbon = (S , + S 2 ) plus (Organic C O 2 generated from 

combustion of O M at 6 0 0 ° C after pyrolysis) 

b. Calculated parameters. 

S 1 + S 2 : H C potential or Genetic potential 

S j / ( S , _+ S 2 ) : Production Index (PI) or Transformation Ratio; maturity indicator 

S 2 / S 3 : Organic typing parameter; high value = hydrogen-rich O M . 

H I : Hydrogen Index = ( S 2 * 100)/TOC; organic typing parameter 

OI: Oxygen Index = (S 3
 ! : 100)/TOC; organic typing parameter 

Q O M : Quality of Organic Matter = (S, + S 2 ) / T O C ; organic typing & maturity 

indicator, subject to migration effects 
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A significant spread in the Q O M which cannot be related to variations in the 

D O M o r type of organic matter (OM) is considered to reflect the effects of 

migration of hydrocarbons into or out of the strata (Espitalie et al . , 1985). 

Depletion of S , and S 2 values is common in outcrop samples as a result of 

oxidation of O M (Peters, 1986) and was evident in some field samples collected 

in the study area. Similarily, oxidation of O M could potentially occur during 

erosional episodes which are represented by various unconformities in the studied 

succession. T h u s , the Q O M of some samples does not closely reflect the regional 

variation in petroleum potential of a particular horizon. 

The Hydrogen Index (HI) and Oxygen Index (01; Table III) when interpreted in 

concert with maturation data can be used to define the type of organic matter 

(Espitalie et al . , 1985). Type I refers to kerogen with an H I > 600 m g H C / g 

Corg whereas type II kerogen is defined by H I values which range from 300 to 

600 mg H C / g Corg, assuming a D O M equivalent to about 0.6% Rorand 

(Espitalie et al . , 1985). Relatively low H I values (< 300 mg H C / g Corg) define 

type III O M (Espitalie et al. , 1985). Type I and II O M comprise oil and gas 

prone kerogen whereas type III kerogen is mostly gas prone (Tissot and Welte, 

1984, p. 151-154). Although some recent _ studies suggest type III O M can 

contain 10 to 20% liptinite or resinite in a vitrinite matrix and thus may act as 

effective oil prone source rocks (Snowdon, 1980; Powell and Snowdon, 1983; 

Snowdon, 1987b), others (Lewan and Williams, 1987) argue that resinites 

contribute only minor components to conventional^ sourced crude oils and are not 

likely sources of commercial oil deposits. In the present study, liptinite was 

observed petrographically in some samples from the Eagle Plain Group but it 
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never comprises a substantial portion of the O M . 

The D O M can be approximated from the production index (PI or Transformation 

Ratio; Tissot and Welte, 1984, p. 218)) and temperature of maximum H C 

evolution (Tmax; Table III). In general, PI and T m a x values < 0.1 and 4 3 5 ° C , 

respectively, indicate immature O M (Peters, 1986). The oil zone starts at 4 3 5 ° C 

for both type II and III O M whereas the wet gas zone begins a t J a b o u t 4 5 0 ° C 

for type II O M but not until about 4 6 5 ° C for type III O M (Espitalie et al. , 

1985). Overmature O M is defined by T m a x values > 4 6 5 ° C for type III O M 

and > 450 to 4 5 5 ° C for type II O M . The T m a x of type I O M is, for the 

most part, independent of the D O M , and generally ranges from 460 to 4 7 0 ° C 

(Snowdon, pers. comm., 1987). 

PI values between about 0.1 and 0.4 define the oil zone and the PI increases to 

1.0 when the H C generation capacity of the kerogen is exhausted, for all types 

of O M (Peters, 1986). The PI best illustrates the D O M by plotting PI vs. depth 

(Espitalie et al. , 1977; 1985). Anomalously high PI values may indicate H C 

accumulation whereas anomalously low values indicate depletion (Espitalie et al. , 

1985). In general, Tmax values can not be determined as accurately if S 2 yields 

are < 0.2 mg H C / g rock (Espitalie et al . , 1985). In the present study, the 

boundaries of maturity relative to H C generation (immature, marginally mature, 

mature and overmature) were interpreted based on the correlation and limits of 

D O M indicators summarized in Bustin et al . (1985) and figure 2 of Macauley et 

al. (1985). 
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In order to assess the potential of petroleum source rocks, the regional 

distribution of organic richness and type, and maturity were examined. Organic 

richness is best determined as the average T O C content across the thickness of 

a potential source horizon rather than considering organic richness as a measure 

of O M concentrated in a discreet sample. Because the smallest thickness 

determined in the present study is formation thickness, average T O C content, H C 

potential (S, + S 2 ) and Q O M [ (S, + S 2 ) / T O C ] have herein been calculated 

across the thickness of each formation at different locations. In this way, 

regional evaluation of each mapped unit can be discussed by considering 

individual parameters and their combined effects on source rock potential. 

D. R E S U L T S 

Rock-Eval logs, histograms of T O C content and modified van Krevelen diagrams 

(HI versus 01 plots) are plotted in figures 22, 23 and 24 respectively. Appendix 

D (on file in geology department, U B C ) contains Rock-Eval data for individual 

samples. Table I V summarizes the classification and maturation of specific 

stratigraphic units. In figures 25 to 34 inclusive, the lateral variation in organic 

richness (TOC), type (QOM) and maturity (% Ro and conodont alteration 
rand 

index; CAI) for specific stratigraphic horizons are plotted. 
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Figure 22. Rock-Eval logs for 12 wells examined in study area. Location of wells 
is shown in figure 35 and well names are identified on each log. Tmax , 
S i , S 2 , S 3 , H I (Hydrogen Index) and organic C (total organic carbon) are 
all standard Rock-Eval parameters (Espatilie et al . , 1977). 
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;ure 23. Histograms of total organic carbon (TOC) content of some formations 
and groups examined in study area. Data includes outcrop and well cuttings 
samples. Individual T O C values are tabulated in Appendix D . T O C is 
expressed as weight per cent. Formation, group and unit names are 
indicated on individual plots. 
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Figure 24. Modified van Krevelen diagrams (Hydrogen Index (HI) versus Oxygen 
Index (01)) for some formations and groups examined in study area. Data 
includes outcrop and well cuttings samples. Individual H I and 01 values are 
tabulated in Appendix D . H I units = mg H C / g Corg; 01 units = m g C O /g 
Corg. Formation, group and unit names are indicated on individual plots. 
'n ' = number of samples. 
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Table IV . Classification and maturation of various stratigraphic units in the study 
area. T O C , T m a x , H I , PI, H C potential and Q O M are averaged values calculated 
across the thickness of the unit at one well or sample locality. '- ' denotes a 
range of values for outcrop samples from different localities in the indicated area. 
Refl = vitrinite reflectance (Rorand), which represents the level of maturity at or 
near the base of the unit, measured or calculated (A) from the line of best fit 
(see F i g . 4, Part I). CAI=conodont alteration index. # Spl = Number of samples. 
Well = well location. See table III for explanation of Rock-Eval parameters and 
figures 25 to 35 for well and sample localities. Loc = Location: M D = M a c k e n z i e 
Delta; P P = P e e l Plateau; R M = Richardson Mountains; E P = Eagle Plain; O M = Ogilvie 
Mountains; 0 / C = outcrop samples; W = western; E=eastern; N = northern; C = central; 
S E = southeastern; N W = northwestern; N - C = north-central. 
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a. Road River Group. 

Loc Well £ Spj T O C T m a x H I PI H C Q O M Refl C A I 

pot 

(A) 

M D A-37 19 0.5 403 59 0.5 0.6 1.4 1.0 

R M O / C 29 0.2- 218- 0-9 0-1 < < 5 

9.6 534 

N W N-53 2 0.5 380 24 0.7 0.4 0.7 2.2 

E P 

E E P N-05 5 1.1 399 26 0.6 1.1 1.0 3.3 

S E D-77 204 0.8 305 17 0.7 0.5 0.6 6.0 

E P 

W E P B-62 2 1.1 401 26 0.5 0.5 0.5 2.3 

O M O / C 3 0.1- 270- 0-9 0-1 < < 4.5 

5.0 597 5 
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b. Ogilvie Formation. -f-=Gossage Formation on Campbell Uplif t (CU). 

Loc Well £ SpJ T O C T m a x H I PI H C Q O M Refl C A I 

pot 

M D A-37 2 0.3 388 66 0.6 0.6 1.6 0.7 

(A) 

+ C U O / C . . . . . . . 4.5 

N - C 0-22 5 0.9 459 62 0.5 0.8 1.1 1.0 

E P 

N W N-53 6 1.3 466 25 0.6 0.6 0.8 1.3 

E P 

E E P N-05 37 0.5 382 90 0.6 1.0 3.5 2.0 

(A) 

S E D-77 55 0.6 277 21 0.7 0.4 0.9 2.3 

E P (A) 

W E P B-62 6 1.7 385 40 0.6 1.4 1.1 1.8 

(A) 

O M O / C - - - - - - - 3.5 

5 
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c. Hare Indian Formation. 

Loc Well £ Sp] T O C T m a x H I PI H C pot q o M Refl 

E P P H-57 1 1.3 444 153 0.4 3.4 2.6 1.0 

d. H u m e Formation. 

Loc Well £ SpJ T O C T m a x H I PI H C pot Q O M Refl 

E P P H-57 4 0.5 392 114 0.6 1.3 3.0 1.1 

W P P 1-50 2 1.7 366 28 0.6 1.2 0.8 2.3 
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e. Canol Formation. 

Loc WeU £ SpJ T O C T m a x H I PI H C Q O M Refl C A I 

pot 

E P P H-57 2 6.4 447 189 0.3 18.1 2.8 0.8 

W P P 1-50 6 2.3 360 74 0.7 3.6 3.0 2.2 

R M O / C 6 1.5- 284- 0-5 0- < < 2.4- 5 

8.6 386 0.1 3.4 

N - C 0-22 2 1.5 460 40 0.5 1.2 0.8 0.9 

E P 

N W N-53 2 1.5 512 15 0.7 0.8 0.5 1.1 

E P 

E E P N-05 17 2.4 411 21 0.6 1.4 0.6 1.4 

S E D-77 17 1.6 283 13 0.7 0.6 1.2 2.1 

E P (A) 

W E P B-62 3 4.2 410 6 0.8 1.2 0.3 1.6 

O M O / C 4 0.7- 306- 0- 0- < <0.01 2.3- 5 

6.8 522 17 0.1 3.8 



f. Imperial Formation, (b) denotes samples containing bitumen (albertite). 

Loc Well # SpJ T O C T m a x H I PI H C pot Q O M Refl 

P P O / C 8 0.5- 275- 1- 0- 0.01- 0.1- 0.5 

1.6 466 135 0.2 1.8 1.5 0.7 

P P O / C 3 4.3- 456- 66- 0.5 3.7- 0.7- 0.7 

(b) 95.7 479 360 363.5 3.8 0.8 

E P P J H - 5 7 16 1.7 438 113 0.4 3.5 1.9 0.8 

W PP 1-50 37 0.8 414 59 0.6 1.3 1.5 2.1 

R M O / C 6 0.2- 306- 2- 0- 0.01- 0.01 1.8 

1.2 458 33 0.3 0.1 0.3 2.1 

E P O / C 6 0.4- 364- 10- 0- 0.02- 0.2- 1.0 

0.5 497 60 0.3 0.3 0.6 

N E P F-48 38 0.8 450 103 0.3 1.0 1.6 

N E P P-34 35 1.2 431 30 0.5 0.7 0.6 

N - C 0-22 28 0.8 440 176 0.2 1.8 2.6 1.1 

E P 

N W N-53 25 0.9 447 58 0.6 1.2 1.4 1.2 

E P 

E E P N-05 88 0.6 388 238 0.5 0.7 4.8 1.3 

S E D-77 87 1.4 317 24 0.6 0.8 0.8 1.7 

E P 

W E P B-62 5 1.7 388 18 0.7 0.9 0.6 1.4 



g. Ford Lake 

Loc Well 

E P O / C 

E E P N-05 

S E B-34 

E P 

S E D-77 

E P 

W E P B-62 

C E P L-08 

# Sp] TOC 

8 0.5-

7.9 

10 0.7 

11 2.6 

134 1.2 

13 2.4 

105 1.5 

T m a x H I 

426- 51-

466 467 

445 113 

323 152 

344 37 

441 32 

451 163 

PI H C 

0.1- 0.5-

0.3 19.0 

0.4 1.3 

0.2 5.3 

0.5 1.0 

0.5 1.6 

0.2 3.5 

pot Q O M Refl 

0.6- 0.7 

5.3 0.9 

1.9 0.9 

1.9 

0.9 1.7 

0.7 1.6 

2.1 
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h. H a r t River 

Loc Well 

E P 0 / C 

S E B-34 

E P 

S E D-77 

E P 

C E P C-18 

C E P F-18 

C E P J-19 

C E P L-08 

O M O / C 

Formation. 

£ SpJ T O C 

2 0.4-

1.3 

148 1.2 

34 1.6 

19 1.3 

20 0.8 

6 1.1 

133 0.5 

8 0.4-

4.9 

T m a x H I 

418- 318-

431 572 

431 178 

457 129 

413 221 

444 146 

438 166 

442 167 

433- 0-

563 34 

PI H C i 

0.1- 1.5-

0.2 7.8 

0.2 2.8 

0.6 1.8 

0.3 4.2 

0.3 1.7 

0.2 2.5 

0.3 1.3 

0.2- 0.01-

0.3 0.1 

Q O M Refl 

3.8-

6.1 

4.6 

3.7 1.2 

3.1 0.6 

2.3 

2.2 0.5 

2.4 

0.01- 0.9 

0.3 1.4 
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i . Blackie Formation and unnamed Carboniferous unit. 

Loc Well £ Sp] T O C T m a x H I PI H C pot Q O M Refl 

S E B-34 170 0.9 432 242 0.1 3.1 2.8 

E P 

S E D-77 77 1.2 424 85 0.6 - 2.2 1.9 1.2 

E P 

C E P C-18 4 2.8 431 286 0.1 10.7 3.2 0.4 
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j . B u g Creek Group, A-37 well. F o r m = Formation; A k l = Aklavik ; R 

M t n = Richardson Mountain; A l Ck = Almstrom Creek; M R g = M u r r a y Ridge 

Formations. 

Loc F o r m # SpJ T O C T m a x H I PI H C pot Q O M Refl 

M D A k l 3 3.0 437 221 0.1 7.1 2.4 0.5 

M D R M t n 3 1.6 438 140 0.2 2.8 1.8 0.6 

M D A l C k 2 2.2 436 126 0.2 3.6 1.7 0.7 

M D M Rg 3 2.2 439 136 0.2 3.9 1.7 0.7 
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k. Porcupine River Formation. 

Loc Well £ Sp] T O C T m a x H I PI H C pot Q O M Refl 

N E P F-48 74 0.9 445 137 0.3 1.6 1.9 

N E P P-34 18 1.6 385 54 0.5 1.9 1.1 

N E P J-70 18 1.8 440 167 0.3 4.3 2.4 0.5 

1. H u s k y Formation. 

Loc Well £ Spj T O C T m a x H I PI H C pot Q O M Refl 

M D A-37 10 2.0 438 146 0.2 3.9 1.9 0.5 

m. Parsons Group, A-37 well. Form=Format ion ; M c G = M c G u i r e ; M C k = Mar t in 

Creek Formations. 

Loc F o r m £ Spj T O C Tmax H I PI H C pot Q O M Refl 

M D M c G 2 1.5 434 116 0.2 2.1 1.4 0.4 

M D M C k 4 1.1 435 134 0.2 1.8 1.7 
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n. Mount Goodenough Formation. 

Loc Well £ Spj T O C T m a x H I PI H C pot Q O M Refl 

M D A-37 16 2.0 428 143 0.4 7.3 2.7 0.4 

P P O / C 3 0.6- 310- 1- 0- 0.1- 0.1- 0.4 

0.8 444 65 0.07 0.7 1.7 0.7 

R M o/c 1 0.7 513 8 0 0.1 0.1 1.3 

N E P J-70 75 1.5 440 141 0.2 2.6 1.9 0.5 

o. Rat River Formation. 

Loc Well £ Spj T O C T m a x H I PI H C pot Q O M Refl 

P P O / C 4 0.3- 439- 3- 0- 0.01- 0.03- 0.4 

0.9 444 46 0.1 0.4 0.4 0.5 

W P P 1-50 6 1.2 428 82 0.6 2.4 1.9 0.3 

R M O / C 3 0.3- 383- 5- 0- 0.1 0.1- 1.3 

0.9 548 48 0.01 0.5 1.4 

N E P J-70 15 1.2 442 103 0.2 1.5 1.3 0.5 
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p. A l b i a n strata: Arctic Red River Formation in Mackenzie Delta and Peel 

Plateau areas; Horton River Formation on Campbell Uplift ; K w r unit (Whitestone 

River Formation) in Eagle Plain area. C U = Campbell Uplift . 

Loc Well T O C T m a x H I PI H C pot Q O M Refl 

M D A-37 3 2.1 439 129 0.7 8.1 3.8 0.3 

C U O / C 12 0.5- 262- 0- 0- 0.01 0.01- 0.9 

2.0 493 67 0.2 0.5 0.6 1.6 

P P O / C 5 0.5- 436- 54- 0.1- 0.5- 1.0- 0.6 

1.1 451 103 0.3 2.1 2.0 

W P P 1-50 1 0.9 435 74 0.4 1.1 1.3 0.2 

R M O / C 1 1.3 518 20 0.1 0.3 0.2 1.1 

E P O / C 3 0.6- 435- 109- 0.1 0.8- 1.2- 0.3 

2.4 438 134 3.0 1.6 

N E P F-48 198 1.3 427 94 0.2 1.6 1.2 

N E P P-34 256 1.2 452 64 0.4 1.3 1.1 

N E P J-70 29 1.6 443 111 0.2 2.1 1.3 0.5 

N - C 0-22 4 1.1 430 166 0.2 2.3 2.1 0.4 

E P 

N W N-53 17 1.1 450 91 0.5 1.8 1.7 1.1 

E P 

S E B-34 57 1.4 448 185 0.1 2.5 2.1 

E P 

C E P C-18 4 1.8 432 127 0.2 3.2 1.8 0.5 

C E P C-24 103 2.1 437 154 0.1 5.3 1.7 



Table I V p continued. 

Loc Well £ Spj T O C 

C E P F-18 44 1.6 

C E P J-19 7 1.9 

C E P L-08 38 1.0 

C E P N-58 18 1.8 

T m a x H I PI 

438 116 0.1 

436 200 0.1 

441 127 0.1 

446 122 0.3 

H C pot Q O M Refl 

2.2 1.4 

6.5 2.2 0.5 

1.5 1.4 

3.2 1.7 0.6 
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q. Eagle Plain Group. 

Loc Well 

E P O / C 

N E P P-34 

N E P J-70 

N - C 0-22 

E P 

S E B-34 

E P 

C E P C-18 

C E P C-24 

C E P F-18 

C E P J-19 

C E P L-08 

C E P N-58 

# SpJ T O C 

27 0.3-

1.2 

128 1.5 

263 1.4 

13 4.9 

37 1.1 

24 2.1 

306 2.7 

120 1.5 

26 3.4 

167 1.4 

343 2.1 

T m a x H I 

358 6-

489 208 

450 111 

430 118 

423 136 

447 134 

423 127 

431 108 

438 79 

430 110 

431 78 

446 145 

PI H C i 

0- 0.02-

0.2 1.9 

0.3 2.4 

0.3 2.3 

0.3 9.8 

0.2 1.9 

0.2 3.9 

0.2 3.6 

0.1 1.5 

0.2 4.4 

0.2 1.4 

0.3 3.8 

>ot Q O M Refl 

0.1- 0.2 

1.9 0.4 

1.7 

1.8 0.4 

2.3 0.3 

1.6 

1.6 0.4 

1.3 

0.9 

1.4 0.5 

0.9 

2.0 0.4 
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Figures 25 to 34. Regional distribution of average T O C content, average H C 
potential, quality of organic matter ( Q O M ) , and the degree of organic 
maturity (DOM) for some formations and groups examined in the study 
area. Erosional edges modified from Geological Surve3 r of Canada, M a p 
1505A, Tipper et al. (1981). a) Average organic carbon content map of the 
formation(s) or group(s). Values plotted are average T O C content calculated 
across the thickness of the formation/group at each well or outcrop location, 
b) Average H C potential (S , + S 2 ) and average Q O M [ ( S , + S 2 ) / T O C ] 
plotted with the D O M (measured by vitrinite reflectance and/or CAI) for the 
formation or group. The average H C potential and Q O M (to the left and 
right of ' , ' respectivelj') are calculated across the thickness of the 
formation/group. HC-potential units = mg H C / g rock; Q O M units = mg H C / g 
Corg. Legend: '<X = calculated vitrinite reflectance (from regression line in 
Fig . 4 of part I); '• '= measured vitrinite reflectance (% Rorand); ' • 
' = conodont alteration index (CAI). % Rorand values are plotted near or at 
the base of the formation/group. D O M contours are dashed lines; Q O M 
contours are solid lines. Scale is the same as figure 5. 



Figure 25. Road River Group. Boundaries of paleogeographic divisions (after A . W 
Norris, 1985) and the erosional edge of the E D M assemblage in the 
Richardson Mountains are shown. 
a) Regional distribution in T O C . Contour interval = 1.0% T O C . " 



3 3 

i.ot, 
0.6.1 .4 * U j 

/ 

0.4,6.7 

(o_.5,0.\5 

,5.0 
1 

0.03,0.1 /• 4 . 5 - 5 
• : 

0.5,0.« 

0.1 ,0.01 

0.1,0.01 
1 

b) Regional distribution of DOM, HC potential and QOM. Contour interval 
for D O M = 1.0% Rorand: contour interval for QOM = 0.5 mg HC/g Corg. 



137 

Figure 26. Ogilvie Formation (Yukon Stable Block and Hazen Trough) and Hume 
Formation (Mackenzie Platform). Boundaries of paleogeographic divisions (after 
A . W . Norris, 1985) and the erosional edge of the E D M assemblage in the 
Richardson Mountains are shown. 
a) Regional distribution in T O C . Contour interval = 0.5% T O C . 
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Figure 27. Canol Formation. The erosional and/or depositional edge of the D J F 
assemblage is shown. 
a) Regional distribution of T O C . Contour interval -2% T O C . 
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Figure 28. Imperial Formation. The erosional and/or depositional edge of the D J F 
assemblage is shown. Northern erosional edge modified from Pugh (1983). 
a) Regional distribution of T O C . Contour interval = 0.5% T O C . '(b)' denotes 
T O C content of samples containing bitumen (not used to contour T O C data). 



b) Regional distribution of D O M , H C potential and Q O M . Contour interval 
for D O M = 0.5% Rorand; contour interval for Q O M = 1 . 0 mg H C / g Corg. 



Figure 29. Ford Lake Shale. The erosional and/or depositional edge of the D J F 
assemblage is shown. Northern erosional edge modified from Pugh (1983). 
a) Regional distribution of T O C . Contour interval = 2.0% T O C . 
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Figure 30. Hart River Formation. The erosional and/or depositional edge of the 
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e 31 Mount Goodenough Formation. The erosional and/or depositional edge 
of the J K K assemblage is shown. 
a) Regional distribution of T O C . The 1% T O C contour is shown. 



b) Regional distribution of D O M , H C potential and Q O M . Contour interval 
for D O M = 0.5% Rorand. The 0.5 mg H C / g Corg contour is shown for 
Q O M . (Outcrop samples from near the top of the Formation in Peel 
Plateau are included for control points.) 



Figure 32. Rat River Formation. The erosional and/or depositional edge of the 
J K K assemblage is shown. 
a) Regional distribution of T O C . The 1% T O C contour is shown. 
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b) Regional distribution of D O M , H C potential and Q O M . Contour for 
D O M = 0.5% Rorand. The 1.0 mg H C / g Corg contour is shown for Q O M . 
(Outcrop samples from near the top of the Formation in Peel Plateau are 
included for control points.) 
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Figure 33. Albian strata (Arctic Red River and Horton River Formations and 
map unit Kwr). The erosional and/or depositional edge of the J K K 
assemblage is shown. 
a) Regional distribution of T O C . Contour interval = 0.5% T O C . 
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b) Regional distribution of D O M , H C potential and Q O M . Contour interval 
for D O M = 0,5% Rorand; contour interval for Q O M = 0.5 mg H C / g Corg. 
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b) Regional distribution of D O M , H C potential and Q O M . Contour interval 
for D O M = 0.19r Rorand; contour interval for Q O M = 0.5 mg H C / g Corg. 
(Outcrop samples from near the top of the Group are included for control 
points.) 
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E . D I S C U S S I O N 

It is difficult to interpret organic richness and maturation patterns laterally over 

any distance, especially where sample density is low, because the northern 

Cordilleran Orogen is characterized by a limited lateral continuity of stratigraphic 

units. Thus it must be emphasized that the interpretations presented here are 

based on limited data and the organic richness and isomaturation lines m a y 

ultimately change as more data become available. 

1. P e t r o l e u m S o u r c e R o c k P o t e n t i a l 

a. Organic Maturation and Hydrocarbon Generation 

A potential petroleum source rock is a stratigraphic interval or facies unit which 

has sufficient hydrocarbon generating capability to generate economic hydrocarbon 

reserves. It is well documented that the petroleum source potential of a unit is 

controlled by the quantity, quality and maturity of the organic matter (Dow, 

1977; Hunt , 1979; Durand, 1980; Waples, 1980; Powell and Snowdon, 1983; 

Barnes et al. , 1984; Tissot and Welte, 1984 and many others). In this study, 

the level of organic maturity of Phanerozoic strata was determined from vitrinite 

reflectance, C A I (see part I also) and Rock-Eval pyrol3'sis (Tmax data). 

Interpretation of maturation levels and paleogeothermal gradients are discussed in 

detail in part I and are briefly summarized here. In figure 35, the regional 

variation in level of organic maturity with respect to hydrocarbon generation is 

plotted. 
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Figure 35. Present day maturity map of Phanerozoic strata in the s 
(modified from part I.) 
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Maturation increases with structural complexity from the Interior Platform (Peel 

Plateau) and Eagle Fold Belt (Eagle Plain) towards the Richardson Anticlinorium 

(Richardson Mountains) and from the Eagle Fold Belt towards the Taiga-Nahoni 

Fold Belt (Ogilvie Mountains). Mesozoic strata are immature to marginally mature 

in the Interior Platform, the Eagle Fold Belt and Taiga-Nahoni Fold Belt and 

mature to overmature in the Richardson Anticlinorium. Paleozoic and Mesozoic 

strata are overmature on the Campbell Uplift , in the northwestern corner of the 

Interior Platform. Upper Paleozoic strata are immature to marginally mature in 

central Eagle Fold Belt but are mature to overmature in all other areas of the 

study. Lower Paleozoic strata are overmature in all regions. 

b. Source Rock Properties 

In order to characterize a petroleum source rock, the quality of organic matter 

and the level of organic maturity must be assessed simultaneously, because of 

the strong interrelation of these two parameters (Tissot and Welte, 1984, p. 

547). Several potential petroleum source rocks have been identified in the study 

area, based on evaluation of Rock-Eval data and maturation levels discussed 

above, using the experimental limits defined by Espatilie et al. (1985) and Peters 

(1986). The details of timing of hydrocarbon generation for different source rocks 

are discussed in part I. 
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(i) Upper Cambrian to Lower Devonian 

Road River Group (Cronin, Loucheux, Dempster, Vitreekwa Formations) 

(Figs. 23a, 24a, 25; Table IV a) 

Road River strata have poor petroleum source potential, as evident from low 

Q O M (< 1.4 m g H C / g Corg). T O C values up to 9.6% and type I or II organic 

matter indicate the Vitreekwa and Loucheux Formations were excellent oil prone 

source rocks in the former areas of the Richardson and Blackstone Troughs. 

However, hydrocarbons generated from Road River strata were available for 

migration in the Devonian to Carboniferous (see Figs. 10a, 13a, 14a and 19a of 

part I). In southern Mackenzie Delta, mature strata have moderate Q O M (1.4 

m g H C / g Corg) but poor petroleum source potential ( H C potential = 0.6 mg H C / g 

rock) as a result of low T O C content (0.5%). 

The Hazen Trough is considered a northern extension of the Richardson Trough 

(Miall , 1976) and if the Hazen Trough had a similar deep-water depositional 

environment to the Richardson and Blackstone Troughs, then organic-rich shales 

equivalent to Road River strata may be found in the subsurface of the 

Mackenzie Delta. 

(ii) Middle Devonian 

Ogilvie Formation 

(Figs. 23b, 24b. 26; Table IV b) 

Middle Devonian carbonates have generally poor petroleum source potential, as 
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evident from low Q O M (< 1.4 mg H C / g Corg) where strata are overmature. In 

southern Mackenzie Delta, mature strata have poor petroleum source potential 

(HC potential = 0.6 mg H C / g rock) due to low T O C (0.6%). The Q O M is high 

(3.5 m g H C / g Corg) in overmature strata in eastern Eagle Plain (N-05 well), 

probably due to the presence of pyrobitumen (Tmax = 4 0 5 ° C , S 2 = 2 . 9 m g H C / g 

rock, H I = 277 m g H C / g Corg). The source of the pyrobitumen is uncertain but 

hydrocarbons generated from oil prone kerogen (type I or II) in the Road River 

Group and/or the Canol Formation could have migrated into porous reef 

carbonates of the Ogilvie Formation. 

Hare Indian Formation 

(Fig. 22b; Table IV c) 

In the eastern Peel Plateau, a calcareous shale sample has fair gas and some 

oil source ( S 2 / S 3 = 4 ) potential ( Q O M = 2 . 6 mg H C / g Corg; H C potential= 3.4 mg 

H C / g rock) and is still within the oil window. 

Hume Formation 

(Figs. 23c, 24c, 26; Table IV d) 

Petroleum source potential of the Hume Formation is generalty poor. A T O C of 

1.7% in overmature strata in western Peel Plateau indicates residual kerogen 

with a low Q O M (0.8 mg H C / g Corg) or, alternatively, may represent cavings 

from the overlying Canoi Formation. In eastern Peel Plateau, the sequence has 

poor petroleum potential (HC potential= 1.3 mg H C / g rock) but high Q O M (3.0 
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mg H C / g Corg) because strata have a moderate level of organic maturity (1.1% 

Rorand; also see part I). 

Canol Formation 

(Figs. 23d, 24d, 27; Table IV e) 

Black bituminous shales of the Canol Formation have fair to good gas and some 

oil potential in eastern Peel Plateau where they are mature ( Q O M = 2.8 mg H C / g 

Corg; H C potential = 18.1 mg H C / g rock). In western Peel Plateau, high Q O M 

(3.0 mg H C / g Corg) in overmature strata reflects the presence of bitumen which 

is considered to have migrated into fracture zones in Canol shales. The strata 

are overmature in the Eagle Plain and Richardson and Ogilvie Mountains. Here, 

residual kerogen (2.4 to 8.6% T O C ) suggests sufficient organic carbon was 

present to generate hydrocarbons when Canol strata entered the oil window in 

Devonian to Carboniferous time (see Figs. 9a to 19a of part I). 

Regional mapping and further geochemical studies may prove the Canol Formation 

has sourced hydrocarbon reserves in Peel Plateau, Anderson Plain and Eagle 

Plain areas. The Canol Formation is considered to be the source rock for the 

Norman Wells oil field (Hume and Link, 1945) located on the eastern margin of 

the Cordillera, south of the study area. 
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(iii) Upper Devonian 

Imperial Formation 

(Figs. 23e, 24e, 28; Table IV f) 

The Imperial Formation generally has insufficient amounts of organic carbon to 

be considered a possible source rock ( T O C < 1%; H C potential < 2 mg H C / g 

rock). Notable exceptions occur in southern Eagle Plain where overmature strata 

contain residual kerogen (1.2 to 1.7% T O C ) and in eastern Peel Plateau where 

mature strata in the lower part of the section have fair to good gas source 

potential and the Q O M is moderate (1.9 mg H C / g Corg). In eastern and 

north-central Eagle Plain, a high Q O M (4.8 and 2.6 mg H C / g Corg) reflects the 

presence of pyrobitumen or drilling mud contaminants. Solid bitumen (albertite, 

0.69% Ro , also see part I) which commonly occurs in outcrop samples and 
rand 

as a bituminous sill in Peel Plateau has excellent oil source potential (HC 

potential up to 363 mg H C / g rock). Norris and Cameron (1986) believe the 

bitumen represents mobilized, highly biodegraded hydrocarbons derived from the 

Canol Formation. A s discussed above, Canol shales have some oil source potential 

in the area of Peel Plateau. Furthermore, time-temperature modelling (see part I) 

suggests that hydrocarbons generated from the Canol Formation were available 

for migration in Late Carboniferous to Ear ly Cretaceous time in the Peel Plateau 

and therefore could have migrated into the Imperial Formation. Exposure at the 

pre-Mesozoic unconformity could subsequently have biodegraded the hydrocarbons. 
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(iv) Carboniferous 

Ford Lake Shale 

(Figs. 23f, 24f, 29; Table IV g) 

Black and gray bituminous shales contain significant amounts • of overmature 

organic matter (1.2 to 2.6% T O C ) in the southeastern (D-77 well) and western 

(B-62 well) Eagle Plain. Mature organic matter in eastern (N-05 well and outcrop 

samples), southeastern (B-34 well) and central (L-08 well) Eagle Plain (0.7 to 

7.9% T O C ; Q O M = 1 . 9 to 5.3 m g H C / g Corg; H C p o t e n t i a l 2 . 0 to 19 m g H C / g 

rock) have fair to good gas and some oil potential (type II and III organic 

matter). Erosional breaching of both source and reservoir rocks at the surface 

would have destroyed any hydrocarbon accumulations generated by the Ford Lake 

Shale where it crops out in eastern Eagle Plain but mature to overmature 

organic matter in the subsurface is considered the source of hydrocarbons in 

Carboniferous and Permian reservoir rocks (Graham, 1973) in Eagle Plain. 

Hart River Formation 

(Figs. 23g, 24g, 30; Table IV h) 

Immature to marginally mature strata have fair to good gas and some oil 

potential (type II and III organic matter) in central (C-18 well) and southeastern 

(B-34 well) Eagle Plain ( Q O M = 2.2 to 6.1 mg H C / g Corg and H C p o t e n t i a l 1.5 

to 7.8 mg H C / g rock). Overmature strata in the Ogilvie Mountains contain 

residual kerogen (3.7 to 4.9% T O C ) which suggests sufficient organic carbon was 

present to consider the strata potential source rocks. Free hydrocarbons are 
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common throughout the section in southeastern (D-77, B-34 wells) and central 

(C-18, L-08 wells) Eagle Plain and may represent bitumen which migrated into 

the mature section. Alternatively, bitumen m a y have been generated from kerogen 

in H a r t River strata ( H C potential up to 7.8 m g H C / g rock). PI values which 

increase from 0.1 in the Ford Lake Shale to 0.6 in the H a r t River Formation 

indicate a hydrocarbon depleted zone (Ford Lake Shale) and hydrocarbon 

accumulation zone in the immediately overlying Chance sandstone member of the 

H a r t River Formation at the L-08 well (Snowdon, 1987a) and suggest the Ford 

Lake Shale acted as the source of hydrocarbons in the Chance sandstone. 

Unnamed Carboniferous unit 

(Fig. 22i; Table IV i) 

Immature strata overlying the H a r t River Formation in central (C-18 well) Eagle 

Plain have fair to good gas and some oil potential (type II and III organic 

matter; Q O M = 3 . 2 m g H C / g Corg; H C p o t e n t i a l 10.7 m g H C / g rock). Free 

hydrocarbons (S • values up to 1.7 mg H C / g rock) suggest migration of 

hydrocarbons into immature (0.44% Rorand; see also part I) strata. 

Blackie Formation 

(Figs. 22g; 23h, 24h; Table IV i) 

Basinal shales contain sufficient amounts of organic carbon (0.9 to 1.2% T O C ) to 

consider the strata possible source rocks. Anomalously high H I (1050 mg H C / g 

Corg) and S 2 / S 3 (> 5) values in the uppermost 30 to 45 m at the B-34 well 
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indicate type II O M (Snowdon, 1987a). Free hydrocarbons occur in parts of the 

section ( S 1 values > 0.5 mg H C / g rock) and may represent hydrocarbons 

generated from mature kerogen in the Blackie Formation ( H C potential = 6.5 mg 

H C / g rock). 

(v) Jurassic 

Bug Creek Group (Murray Ridge, Almstrom Creek, Manuel Creek, 

Richardson Mountain, Aklavik Formations) 

(Figs. 23i, 24i; Table IV j) 

Organic-rich intervals indicate some petroleum source potential in southern 

Mackenzie Delta area. These include an 88 m section near the base of the 

Aklavik Formation and the top of the Richardson Mountain Formation and a 28 

m section at the base of the Almstrom Creek Formation and the top of the 

M u r r a y Ridge Formation. F a i r to good gas source potential is interpreted for the 

upper zone ( Q O M = 1 . 8 to 2.4 mg H C / g Corg; H C potential up to 16.2 mg H C / g 

rock) whereas the lower zone has fair gas potential ( Q O M =1.7 mg H C / g Corg; 

H C potential ranging from 2 to 5 mg H C / g rock). 

Porcupine River Formation 

(Figs. 23j, 24j; Table IV k) 

Marginally mature to mature carbonaceous sandstones indicate fair gas source 

potential ( Q O M = 2.4 mg H C / g Corg; H C potential = 4.3 mg H C / g rock) in northern 

Eagle Plain (J-70 well). Free hydrocarbons which occur throughout the section at 
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the J-70 and F-48 wells reflect the onset of hydrocarbon generation, or may 

represent hydrocarbons which migrated into sandstones. The Q O M (1.1 mg H C / g 

Corg) indicates that there is little or no petroleum generation potential left in the 

overmature section at the P-34 well in northern Eagle Plain. 

(vi) Jurassic and Lower Cretaceous 

Husky Formation and Parsons Group (Martin Creek, McGuire, Kamik 

Formations) 

(Figs. 23k, I, 24k, I; Tables IV I, m) 

The petroleum source potential of the H u s k y Formation and Parsons Group 

varies stratigraphically in southern Mackenzie Delta. The basal and upper 100 m 

of the H u s k y Formation have fair gas source potential ( Q O M = 2 . 8 m g H C / g Corg 

and H C potential ranges from 2.6 to 12.5 mg H C / g rock) whereas the middle 

200 m section has moderate T O C (0.9%) but poor petroleum source potential due 

to low Q O M (< 1.5 mg H C / g Corg). T O C content decreases upwards from the 

H u s k y Formation to the Mart in Creek Formation and petroleum source potential 

of the latter is poor (HC potential = 1.8 mg _ H C / g rock; Q O M =1.7 mg H C / g 

Corg). Moderate T O C (1.5%) and hydrocarbon potential (2.1 m g H C / g rock) 

indicate the overlying McGuire Formation could be an effective gas source. The 

H u s k y Formation is mature (0.53% Rorand; see also part I) in southern 

Mackenzie Delta and is considered to be the source for Parsons/Siku gas and 

condensate but the restricted areal distribution (Dixon et al . , 1985) of the source 

units limits the overall source potential of the Husky Formation. 
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Mount Goodenough, Rat River and Arctic Red River Formations 

(Figs. 23m-o, 24m-o, 31, 32, 33; Tables IV n-p) 

Marine shale facies of the Mount Goodenough and Arctic Red River Formations 

contain organic-rich intervals which are potential gas source rocks. In northern 

Eagle Plain (J-70 well), the Mount Goodenough Formation has fair gas source 

potential ( H C p o t e n t i a l 2.6 mg H C / g rock; Q O M =1.9 mg H C / g Corg). Immature 

strata from the upper 200 m of the Mount Goodenough Formation (HC 

potential = 4.7 to 50 mg H C / g rock) and from the overlying Arctic Red River 

Formation (HC potential = 3.8 mg H C / g rock; Q O M = 8.1 mg H C / g Corg) in 

southern Mackenzie Delta area have fair to excellent gas with minor oil source 

(HI up to 321 mg H C / g Corg) potential. Free lrydrocarbons detected in immature 

strata in southern Mackenzie Delta are interpreted to represent hydrocarbons 

which have migrated into the section or, alternatively, may be contaminants from 

the drilling mud. In Peel Plateau and Richardson Mountains, the Mount 

Goodenough and Rat River Formations have poor petroleum source potential 

( Q O M < 0.4 mg H C / g Corg) as a result of low T O C content (0.3% t 0.7%). 

Anomalously high hydrocarbon potential (2.4 mg H C / g rock) and Q O M (1.9 mg 

H C / g Corg) in the Rat River Formation in western Peel Plateau (1-50 well) 

reflects the presence of migrated hydrocarbons in the immature section (PI =0.6; 

S ^ O . 7 to 2.0 mg H C / g rock). 
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map unit Kwr (Whitestone River Formation; Dixon, in press) 

(Figs. 23p, 24p, 34; Table IV p) 

Hydrocarbon potential ranging from 2.3 to 5.3 m g H C / g rock and Q O M which 

varies from 1.3 to 2.2 mg H C / g Corg indicate fair to good gas source potential 

in central (C-18 and J-19 wells), north-central (0-22 well), southeastern (B-34 

well) and northern (J-70 well) Eagle Plain. Liptinite observed petrographically in 

some samples, along with the H I vs 01 plot indicate that type I and II oil 

prone organic matter is present in certain samples from southeastern (B-34 well), 

central (C-24, J-19 wells) and northern (P-34, F-48 wells) Eagle Plain. The high 

H I values (590 to 1140 mg H C / g rock) may represent drilling mud contaminants. 

Strata are immature at all locations where they were examined except in the 

Richardson Mountains and northwestern (N-53 well) Eagle Plain where strata are 

mature but have poor petroleum source potential ( Q O M = 0 . 2 to 1.7 mg H C / g 

Corg; H C potential = 0.3 to 1.8 mg H C / g rock). 

(vii) Upper Cretaceous 

Eagle Plain Group (Cody Creek, Burnthill Creek, Fishing Branch and 

Parkin Formations; Dixon, in press) 

(Figs. 23q. 24q, 16, Table IV q) 

Carbonaceous strata of the Eagle Plain Group have fair to excellent gas source 

potential in parts (see Table IV p) of central Eagle Plain ( Q O M = 1 . 3 to 2.3 m g -

H C / g Corg; H C potential — 2.3 to 9.8 mg H C / g rock) but are immature, except at 
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the P-34 well where the strata are mature. Petrographically, vitrinite and 

varying proportions of liptinite and inertinite comprise most of the organic matter 

in carbonaceous samples. Variations in the amount of hydrogen-rich organic 

matter (liptinite) is reflected in the wide spread of the Q O M (0.1 to 2.3 mg 

H C / g Corg). The high hydrocarbon potential (3.6 mg H C / g rock) and T O C (2.7%) 

at the C-24 well may be a result of drilling mud additives (Snowdon, 1987a) or, 

alternatively, may be correlative with carbonaceous samples (HC potential = 3.9 mg 

H C / g rock; T O C = 2.1%)) at the C-18 well nearby. 

2. Relationship of Type and Abundance of Organic Matter to Depositional 

Environment 

The factors affecting the quality and quantity of organic matter in sediments has 

recently received considerable attention. In particular, studies by Dow (1977), 

Tourtelot (1979), Demaison and Moore (1980), M c K i r d y and Cook (1980), Tissot 

et al . (1980), Barron (1985) and Dembicki et al. (1985) have documented the 

importance of depositional environment in evaluating petroleum source potential. 

The chemical composition of immature kerogen varies with the original biomass 

and with the physical, chemical and biochemical conditions of deposition. Three or 

four types of kerogen are traditionally recognized, based on the atomic 

composition of 3 major elements (C, H , O; V a n Krevelen, 1961). Type I kerogen 

comprises mainly lipids and results from the accumulation of algal organic 

material and/or from biodegradation of non-lipid organic matter during deposition 

in a marine or lacustrine environment (Tissot and Welte, 1984, p. 151). Type II 

organic matter is usually related to marine sediments where anoxic conditions in 
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the water column are critical for enhanced preservation of marine planktonic and 

microbial remains (Demaison and Moore, 1980; Tissot and Welte, 1984, p. 151). 

Terrestrial plants comprise type III organic matter, which is commonly associated 

with detrital sedimentation along continental margins (Tissot and Welte, 1984, p. 

154) .where an oxic water column supresses the deposition of planktonic remains 

(Tissot et al . , 1980). A mixture of type II and III kerogen is generally 

considered a result of significant terrestrial input into anoxic marine basins 

(Tissot et al. , 1980). 

In this study, where there is no obvious indication for a different depositional 

environment or for migration phenomena, HI values > 400 mg H C / g Corg which 

occur in several samples are interpreted to represent' drilling mud contaminants. 

T O C , S 2 and S 3 tend to decrease as the D O M increases and the S 2 / S 3 ratio 

and the H I become less meaningful at higher levels of organic maturity 

(Snowdon, 1987b). Thus, low and/or scattered H I values and S 2 / S 3 ratios may 

not be related to processes operating in the depositional environment. 

In this reconnaissance stud}', too few data are available to rigorously interpret 

the distribution of organic matter, however, for at least some stratigraphic units 

there appears to be a good correlation between depositional environment and 

organic richness and type as summarized below. 
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(i) Upper Cambrian to Lower Devonian 

Road River Group (Cronin, Loucheux, Dempster, Vitreekwa Formations) 

(Figs. 23a, 24a, 7; Table IV a) 

Road River strata have the highest T O C content in the Richardson (2.9 to 9.6% 

T O C ) and Ogilvie (2.5 to 5.0% T O C ) Mountains, which mark the former position 

of the Richardson and Blackstone Troughs. These troughs were fault-bounded 

intracratonic depressions which dissected a regional shelf that extended across the 

Mackenzie Platform and Y u k o n Stable Block (Porcupine Platform) from Cambrian 

until E a r l y to Middle Devonian time ( A . W . Norris, 1985). The distribution of 

T O C in the Road River Group closely reflects a four-fold lithological division. The 

lower and upper graptolite-bearing and siliceous shale units of deep water origin 

(Blackstone and Richardson Troughs) have T O C values up to 9.6%. Low T O C 

values (< 1% T O C ) correspond to limestones which were deposited . during 

shallowing of the troughs and on neighboring platforms ( A . W . Norris , 1985). 

Kerogen is dominantly type III but tasmanites was observed petrographically in 

the Vitreekwa Formation (see also part III) indicating the presence of 

hydrogen-rich (type I or II) organic matter. 
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(ii) Middle Devonian 

Ogilvie and Hume Formations 

(Figs. 23b, c, 24b, c, 8; Tables IV b, d) 

Limestones of the Ogilvie and H u m e Formations with low T O C (0.5%) were 

deposited on platforms to the west and east, respectively, of the Richardson 

Trough shale basin ( A . W . Norris, 1985). A single organic-rich sample from the 

H u m e Formation (3% T O C ) in western Peel Plateau may correspond to a 

transition from carbonate platform to basinal shale deposition (A .W. Norris , 1985) 

or, alternatively, may represent cavings from the overlying Canol Formation. High 

T O C (up to 4.5%) in the Ogilvie Formation in eastern Eagle Plain reflects the 

presence of pyrobitumen (see discussion above, Source Rock Properties) rather 

than processes operating in the depositional environment. Although the organic 

matter in carbonates is commonly sapropelic (type I or II; Hunt , 1974, p. 278), 

H I vs 01 plots (Figs. 24b and c) suggest organic matter in the H u m e and 

Ogilvie Formations is primarily type III. Relatively low H I values are, for the 

most part, due to the high degree of organic maturity (1.0 to 2.3% Rorand; see 

also part I). 

Canol Formation 

(Figs. 23d. 24d, 27; Table IV e) 

The variation in T O C of the Canol Formation (Table IV e) is, for the most 

part, independent of the level of organic maturity and reflects both migration 

phenomena (see discussion above, Source Rock Properties) and lithofacies patterns. 
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A low T O C (0.7%) occurs in calcareous mudstones of the D C U unit (Norris, 

1981e) whereas moderate to high (1.5 to 8.6%) T O C values occur in black 

siliceous shales. Bituminous, transgressive shales of the Canol Formation are 

believed to be products of slow sedimentation (Snowdon et al. , 1987) and the 

absence of bioturbation, and thin, evenly-bedded shales suggest a deep-water 

anoxic environment of deposition (A .W. Norris , 1985). Modelling of sea level 

changes and global atmospheric circulation patterns has shown that northwestern 

Canada lay in a coastal upwelling zone in Devonian time, which may account 

for the organic-rich units of the Canol Formation (Parrish, 1982). Significant 

variation in organic enrichment (1.5 to 8.6% T O C ) and type III and a mixture 

of type II and III organic matter are considered to represent variations in the 

degree of upwelling. The richest sources may represent sediments of deeper water 

origin whereas shales with lower T O C and which contain a mixture of type II 

and III organic matter are consistent with deposits near highlands where 

upwelling was less vigorous and/or there was a nearby source of terrestrial 

organic matter. 

H I vs 01 plots (Fig. 24d) indicate a large proportion of type III organic matter 

whereas other studies (Snowdon et al. , 1987) suggest the organic matter is 

primarily type II in the N o r m a n Wells area. Canol strata in the present study 

are less mature (mature to overmature, Table IV f; see also part I) than coeval 

strata in the Norman Wells area. Low H I values (and resulting type III 

classification) in Canol strata in the study area are interpreted to be a result of 

the high degree of organic maturity. 
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(iii) Upper Devonian 

Imperial Formation 

(Figs. 23e, 24e, 28; Table IV f) 

The Canol provided the base during Late Devonian time for thick marine 

turbidite and deltaic deposits (Pugh, 1983) of the Imperial Formation. Sandstones 

and siltstones of the upper part of the Formation are interpreted as deposits of 

a rapidly prograding deltaic system (Pugh, 1983) in which low to moderate T O C 

(0.2 to 1.5%), composed of plant fragments and spores, occur. H i g h sedimentation 

rates in the Devonian (up to 100 m / M a ; H e a et al . , 1980) would tend to dilute 

the organic matter content of clastic deposits. Turbidite deposits ( A . W . Norris , 

1985) of the lower member of the Imperial Formation have moderate T O C 

(1.2%). Rapid sedimentation (up to 40 m / M a ; Ibach, 1982) associated with 

turbidite depositional environment would to dilute the organic matter on one hand, 

but preserve it on the other, due to limited diffusion of oxygen into the 

underlying sediments (Dow, 1977). Moderate to high sedimentation rates tend to 

reduce the residence time of organic matter on the sediment surface, where 

aerobic processes decompose the organic matter (Didyk et al . , 1978), thereby 

enhancing the preservation of organic matter. The highest T O C values (1.4 to 

1.7%) correspond to the black shale facies of Pugh (1983), located in southern 

Eagle Plain and eastern Peel Plateau areas, and may represent deposition of 

organic-rich muds in a marine basin where anoxic conditions were favorable for 

preservation of organic matter. Samples with T O C values ranging from 4.3 to 

95.7% contain bitumen (albertite, 0.6% Rorand; see also part I) which is 

interpreted to be a result of migration (see discussion above, Source Rock 
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Properties'), rather than organic enrichment due to processes operating in the 

depositional environment. 

(iv) Carboniferous 

Ford Lake Shale and Hart River Formation 

(Figs. 23f, g, 24f, g, 29, 30; Tables IV g, h) 

Clastic sediments of Carboniferous age consist of transitional marine facies and 

marine limestone and calcareous shale facies of the H a r t River Formation and 

the basinal transgressive facies of the Ford Lake Shale (Pugh, 1983). The 

variation in T O C of Carboniferous strata in Eagle Plain (Tables IV g and h) 

reflects increasing maturation to the southeast, but is otherwise independent of 

the level of organic maturity. Moderate to high T O C (1.2 to 7.9%) comprising a 

mixture of type II and III organic matter in the Ford Lake Shale and in shales 

of the H a r t River Formation suggest significant input of terrestrial organic matter 

into a marine basin in central Eagle Plain. Low T O C values (0.5 to 0.8%) in 

shoreline sandstones and siltstones near the northern erosional edge of the Ford 

Lake Shale may be a result of poor preservation of organic matter in a high 

energy shoreface (oxygenated waters) depositional environment or, alternatively, 

may be due to oxidation of organic matter where strata are exposed at the 

pre-Mesozoic unconformity. The increase in T O C of the H a r t River Formation 

towards southeastern Eagle Plain does not reflect the depositional environment but 

is a result of migrated bitumen. 
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(v) Jurassic and Lower Cretaceous 

Bug Creek Group (Murray Ridge, Almstrom Creek, Manuel Creek, 

Richardson Mountain, Aklavik Formations) 

Porcupine River and Husky Formations, Parsons Group (Martin Creek, 

McGuire, Kamik Formations) 

(Figs. 23i-l, 24i-l; Tables IV j-l) 

The lateral variation in organic-richness and maturity could not be determined for 

Jurassic to mid-Hauterivian strata because they have been eroded from most 

parts of the study area (Jeletsky, 1974, 1980). However, where preserved, the 

vertical variation in Rock-Eval data appears to be closely related to the 

depositional environment of the strata. Strata of the B u g Creek Group, H u s k y 

Formation and Parsons Group consist of marine shelf sediments oscillating 

between fine and coarse clastic deposits as a result of variable sediment supply, 

erosional episodes and transgressive and regressive phases (Dixon, 1982; Poulton 

et al . , 1982). A t the base of the succession, in southern Mackenzie Delta, 

moderate T O C content (2.2%) and type III organic matter with abundant spores 

and pollen (Poulton et al. , 1982) are consistent with shoreface to offshore open 

marine sediments of the M u r r a y Ridge Formation and shallow marine shelf 

deposits of the Almstrom Creek Formation. Declining T O C content (1.6%) in 

younger strata of the Richardson Mountain Formation coincide with local sands 

deposited on an otherwise muddy, open shelf regime (Poulton et al. , 1982). T O C 

values which increase upwards from 2.2 to 3.7% in overhang carbonaceous (type 

III organic matter) sandstones of the Aklavik Formation attest to proximity to a 

shoreline (Dixon, 1982) where a significant input of terrestrial organic matter 
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occurred. A shale sample with high T O C (5.6%), in the middle of the Aklavik 

Formation, m a y represent a shale tongue of the Richardson Mountain Formation 

which extends into sandstones of the Aklavik Formation (see also Dixon, 1982). 

Basin-margin expansion (Dixon, 1982) resulted in deposition of low energy marine 

shales of the H u s k y Formation and corresponding increase in T O C (3.7 to 4.5%), 

followed by a basin-wide regression (Dixon, 1982), which correlates with T O C 

values which decrease upward from the base to the middle of the H u s k y 

Formation (4.5 to 0.8%). A short-lived transgression followed, which led to a 

reduction of sediment supply basinward (Dixon, 1982) and is reflected in T O C 

values which increase from 1.5% in the middle to 2.7% at the top of the H u s k y 

Formation. Progradation and basin-filling resulted in deposition of a thick 

coarsening-upward cycle representing an offshore-barrier island succession (Dixon, 

1982) in which T O C values decrease upwards from the H u s k y to Mar t in Creek 

Formation (2.7 to 0.9%). T O C content which increases upwards (0.9 to 1.5%) in 

carbonaceous sandstones and shales of the overlying McGuire Formation is 

consistent with a change to a low energy nearshore to inner shelf depositional 

environment (lagoonal or upper coastal plain; Dixon, 1982) where significant 

terrestrial input occurred and/or preservation of marine organic matter was 

enhanced. 

The Porcupine River Formation represents a minor phase of deltaic sedimentation 

(Jeletsky, 1980) in Eagle Plain area. Total organic carbon content is lower (0.9 

to 1.8%) in carbonaceous sandstones of the Porcupine River Formation than in 

laterally equivalent marine shales of the H u s k y Formation (2.0%) and organic 

matter is primarily type III in both Formations. 
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Mount Goodenough Formation 

(Figs. 23m, 24m, 31; Table IV m) 

The Mount Goodenough Formation consists of basal transgressive strata overlain 

by a generally regressive complex of marine shales and siltstones deposited on 

the slope to inner shelf (Dixon, 1986). Although the variation in T O C (Table IV 

m), in part, reflects increasing maturation towards the Richardson Mountains, the 

regional T O C distribution appears to be related to the depositional environment. 

In southern Mackenzie Delta, T O C content (1.0 to 5.5%) and H I values (120 to 

321 mg H C / g Corg) increase upwards in regressive deposits (nearshore to inner 

shelf; Dixon, 1982). A n increase in H I (type II organic matter) has been related 

to enhanced marine organic productivity and/or physical controls such as reduced 

circulation of oxygenated water or an oxygen-minimum zone controlled by water 

depth (Snowdon, 1980). Shallow waters in a nearshore to inner shelf setting 

would enhance marine productivity and create an oxygen-minimum zone favorable 

to the preservation of marine (type II) organic matter. Alternatively, an increase 

in H I m a y represent liptinite-rich terrestrial organic matter derived from 

deposition and preservation of allochthonous spores and pollen in a nearshore 

environment. Lipids associated with water-insoluble waxes and cutins from higher 

plants are less easily hydrolyzed by bacteria than proteins and carbohydrates 

(Barnes et al . , 1984.) 

L o w to moderate T O C (0.6 to 1.5%) and H I values (< 150 m g H C / g Corg) in 

Peel Plateau and Eagle Plain areas occur in sediments deposited on the 

continental shelf and slope. Low H I values may represent input of terrestrial 
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organic matter into oxygenated waters on the shelf and slope where marine (type 

II) organic matter would be chemically and/or biologically degraded. 

Arctic Red River and Horton River Formations and map unit Kwr 

(Whitestone River Formation) 

(Figs. 23o, p, 24o, p, 33; Table IV o) 

Albian strata of the Arctic Red River and Horton River Formations and map 

unit K w r are low energy shelf deposits (Dixon, 1986) which generally contain 1 

to 2% T O C in mainly terrestrial (type III) kerogen. A mixture of type II and 

III organic matter in some samples of the Arctic Red River Formation and map 

unit K w r suggests input of terrestrial organic matter into anoxic marine waters 

on the continental shelf. The regional variation in T O C (Table I V o) is 

independent of maturity levels and may reflect local bathymetric lows and highs 

on the shelf. T O C values up to 5.4% and H i e s ranging from 590 to 1140 mg 

H C / g Corg in the map unit K w r suggest significant enrichment in marine-type 

(type II or I) organic matter or, alternatively, contaminates added to the drilling 

mud. In southern Mackenzie Delta, T O C contents up to 2.5% reflect the presence 

of free hydrocarbons rather than factors controlling organic richness in the 

depositional environment. 
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(vi) Upper Cretaceous 

Eagle Plain Group (Cody Creek, Burnthill Creek, Fishing Branch and 

Parkin Formations) 

(Figs. 23q, 24q, 34, Table IV p) 

In most of the Eagle Plain area, the Upper Cretaceous part of the Eagle Plain 

Group (map units K f b , K b and Kcc of Norris, 198 lg) consists of marine 

sandstones, siltstones and shales interpreted as nearshore to inner shelf deposits 

(Dixon, 1986). T O C content exceeds 4% in several samples in map units K b and 

K f b , in which carbonaceous and coaly debris was observed petrographically. Local 

bathymetric lows and highs probably existed on the shelf (Dixon, 1986) and may 

have controlled variations in organic richness by influencing water circulation 

patterns and/or water depths. Alternatively, high T O C values in carbonaceous 

samples containing varying proportions of vitrinite, liptinite and inertinite suggest 

significant input of terrestrial organic matter in a nearshore to inner shelf 

depositional environment. Anomalously high T O C (13%) and H I values (600 to 

1000 mg H C / g Corg) at the P-34 and C-24 wells are considered a product of 

the presence of drilling mud additives (Snowdon, 1987a) rather than processes 

operating in the depositional environment. 

F. SUMMARY AND CONCLUSIONS 

1. Organic-rich units with mostly gas and some oil source potential occur 

throughout the Phanerozoic succession in the northern Y u k o n and northwestern 

District of Mackenzie. 
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T O C content of the Upper Cambrian to Lower Devonian Road River Group 

and Middle Devonian strata (Hare Indian and Canol Formations) ranges 

from 0.1 to 9.6%; generally low Q O M (< 1.5 mg H C / g Corg) indicates 

poor petroleum .source potential. Notable exceptions occur in Peel Plateau 

where the Hare Indian (1.3% T O C ) and Canol Formations have fair to 

good gas and some oil potential ( Q O M = 2.6 to 3.0 m g H C / g Corg). 

Residual kerogen in overmature Road River and Canol strata indicate 

sufficient organic matter was present to consider the strata potential 

petroleum source rocks in the Eagle Plain (Canol Formation only) and 

Richardson and Ogilvie Mountains. 

Petroleum source potential of the Upper Devonian Imperial Formation is poor 

because T O C content is generally < 1% and Q O M is < 1.5 m g H C / g 

Corg. Notable exceptions occur in southern Eagle Plain where overmature 

strata contain residual kerogen and eastern Eagle Plain where mature 

strata have some gas potential. 

Carboniferous strata of the Ford Lake Shale and H a r t River and Blackie 

Formations and unnamed strata overlying the H a r t River Formation have 

mean T O C values which vary from 0.4 to 7.9%. A significant spread in 

the Q O M (0.4 to 6.1 m g H C / g Corg) is a result of variations in the 

level of organic maturity, the type of organic matter and, in some cases, 

migration. Carboniferous strata have fair to good gas source potential and 
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parts of the section have some oil potential (type II O M ) . The Ford 

Lake Shale is considered the source of hydrocarbons in the Chance 

sandstone member of the H a r t River Formation. 

T O C content of the Jurassic Bu g Creek Group generally falls between 1% and 

2% with values up to 5.6% in the Richardson Mountain Formation. A 

moderate Q O M (1.8 to 2.4 mg H C / g Corg) suggests fair to good gas 

potential in certain horizons (base of Aklavik and top of Richardson 

Mountain Formations and the base of Almstrom Creek and top of 

M u r r a y Ridge Formations). 

T O C content generally ranges from 1 to 2% in the Jurassic to Lower 

Cretaceous Husk3' Formation in southern Mackenzie Delta and is lower 

(0.9 to 1.8% T O C ) in Jurassic strata of the Porcupine River Formation 

which are in part equivalent. Some shale samples from the H u s k y 

Formation show significant organic enrichment (up to 4.5% T O C ) and fair 

to good gas source potential (1.8 m g H C / g Corg). Moderate Q O M of the 

Porcupine River Formation (1.9 to 2.4 mg H C / g Corg) in northern Eagle 

Plain indicates fair gas source potential whereas no potential petroleum 

generation remains in overmature strata further to the northwest (P-34 

well) in Eagle Plain area. 
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f. Lower Cretaceous strata of the Parsons Group, Mount Goodenough and Arctic 

Red River Formations and map unit K w r have T O C values which 

commonly fall between 0.5% and 1.5%; organic-rich units (up to 5.4%) 

occur in parts of the map unit K w r and the Mount Goodenough 

Formation. . Portions of the Parsons Group (McGuire Formation) have fair 

gas potential ( Q O M =1.4 mg H C / g Corg) in southern Mackenzie Delta. 

Significant variation in the Q O M of the Mount Goodenough Formation 

(0.1 to 2.7 mg H C / g Corg) and Albian strata (0.01 to 3.8 mg H C / g 

Corg) reflects differences in the type of organic matter (hydrogen-rich 

versus hydrogen-poor) and in the regional variation in the level of 

organic maturity. In Eagle Plain, parts of the Mount Goodenough 

Formation and map unit K w r have fair gas potential whereas fair to 

good gas and some oil potential is interpreted for the Arctic Red River 

Formation in southern Mackenzie Delta. Anomalously high H I values in 

some samples from the map unit K w r suggest some oil source potential 

or, alternatively, may represent mud contaminants. 

g. The Upper Cretaceous Eagle Plain Group has average T O C values generally 

ranging from 0.3 to 2.7% and carbonaceous samples contain up to 14.5% 

T O C . Organic-rich units ( Q O M =1.3 to 2.3 mg H C / g Corg) in central 

Eagle Plain have fair to excellent gas source potential but all strata are 

immature except in northern (P-34 well) Eagle Plain where the section is 

mature. 
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2. The organic matter is dominantly type III in all strata with minor amounts 

of type I or II in the Road River Group and a mixture of type II and III in 

parts of the Ford Lake Shale, the Hare Indian, Canol, H a r t River, Blackie, 

H u s k y , Mount Goodenough and Arctic Red River Formations, the map unit K w r 

and the unnamed Carboniferous unit. 

3. There appears to be a good correlation between depositional environment and 

organic richness and kerogen type for at least some stratigraphic units. 

a. Organic-rich graptolite-bearing and siliceous shales from the lower and upper 

parts of the Road River Group coincide with sediments of deep-water 

origin deposited in the ancient Richardson and " Blackstone Troughs. 

Tasmanites, observed petrographically suggest type I or II organic matter 

in the Vitreekwa Formation. 

b. Limestones with low T O C values of the Ogilvie and H u m e Formations were 

deposited on the platforms to the west and east, respectively of the 

Richardson Trough shale basin. 

c. A mixture of type II and III organic matter in transgressive bituminous 

shales of the Canol Formation corresponds to sediments deposited on a 

continental shelf where upwelling resulted in organic-rich marine shales 
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with variable amounts of terrestrial organic matter. The absence of 

bioturbation and thin, evenly bedded shales suggest a deep-water anoxic 

environment of deposition. 

Sandstones and siltstones of the upper part of the Imperial Formation are 

interpreted as deposits of a rapidly prograding deltaic system (Pugh, 

1983) in which low to moderate T O C (0.2 to 1.5%), composed of plant 

fragments and spores, occur. Turbidite deposits of the lower member of 

the Formation have moderate T O C (1.2%). Variations in T O C content of 

the Imperial Formation may be related to differences in sedimentation 

rates between turbidite and deltaic deposition. 

Organic-rich marine shales of the Ford Lake Shale were deposited during a 

transgression in E a r l y Carboniferous. A mixture of type II and III 

organic matter in the Ford Lake Shale and basinal shales of the 

overlying H a r t River Formation may signify input of terrestrial organic 

matter into an anoxic marine basin. 

Variations in T O C content of Jurassic to Lower Cretaceous strata of the Bug 

Creek Group, H u s k y Formation and Parsons Group reflect variable 

sediment supply and to transgressive and regressive episodes. Terrestrial 

organic matter in the M u r r a y Ridge Formation (abundant spores and 
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pollen) and the A k l a v i k and McGuire Formations (carbonaceous woody 

material) correspond to sediments deposited in close proximity to a 

shoreline during a regression. Organic-rich marine shales which were 

deposited in a low energy environment occur in the Richardson Mountain 

Formation and in the lower part of the H u s k y Formation; although these 

shales have been deposited in a marine setting, the organic matter is 

mainly type III. Low T O C values occur in strata which represent 

regressive episodes during sedimentation of the M a r t i n Creek Formation 

and the middle part of the H u s k y Formation. 

g. Deltaic deposits of the Jurassic Porcupine River Formation have moderate T O C 

values (0.9 to 1.2%) in mainly type III organic matter. 

h. Lower Cretaceous strata of the Mount Goodenough and Arctic Red River 

Formations and unit K w r comprise, in part, marine shale facies deposited 

in a low energy shelf environment. Type III organic matter is 

predominant in Lower Cretaceous strata but a mixture of type II and 

III organic matter occurs in some samples and is more typical of marine 

shale facies. Significant organic enrichment and hydrogen-rich organic 

matter in some samples may be related to enhanced marine organic 

productivity and/or physical controls such as water circulation or depth. 

Alternatively, hydrogen-rich organic matter may indicate liptinite-rich 

terrestrial organic matter derived from allocthonous spores and pollen 
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deposited in a nearshore to inner shelf environment. Drill ing mud 

contamination m a y also explain anomalously high T O C and Hydroden 

Index values. 

i . T O C content exceeds 4% in several samples in map units K b and Kfb of the 

Eagle Plain Group, in which carbonaceous and coaly debris was observed 

petrographically. Variations in average T O C (1.4 to 4.9%) in the Eagle 

Plain Group may be related to local bathymetric highs and lows on the 

shelf or, alternatively, to significant input of terrestrial O M in a 

nearshore to inner shelf depositional environment. 
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VII. PART III. OPTICAL CHARACTERISTICS OF GRAPTOLITES AND 
THEIR UTILITY AS INDICES OF THERMAL MATURITY IN LOWER 

PALEOZOIC STRATA IN NORTHERN YUKON 

A. ABSTRACT 

The utility of graptolites as a measure of thermal maturity in the Lower 

Paleozoic Road River Group in northern Y u k o n has been evaluated by measuring 

maximum, minimum and random reflectance. The progressive changes in optical 

properties of graptolites produced by increasing depth of burial, are correlated to 

other organic matter (conodonts and bitumen) in the same sample. M a x i m u m 

reflectance is the most reliable method of assessing the level of thermal maturity 

of graptolites because of the anisotropic and biaxial nature of their" optical 

properties. 

In the Road River Group, the mean maximum reflectance of graptolites ranges 

laterally from 4.0% to 6 .5% Romax. Romax of graptolites increases with 

increasing depth of burial and the relationship between reflectance and depth fits 

a log (reflectance) linear (depth) relationship. The vertical variation of the 

maximum reflectance of graptolites through an 800 m section ranges from 4.2% 

Romax at the top to 6 .5% Romax at the bottom yielding a maturation gradient 

of 0.39 log Rom ax/km. 

A correlation of graptolite reflectance calibrated by conodonts with vitrinite 

reflectance shows that a graptolite reflectance of 5% Romax (CAI = 5) corresponds 

193 



194 

to temperature of approximately 320°C whereas a vitrinite reflectance of 5% 

Romax agrees with a temperature of about 1 9 0 ° C , using a burial time of 70 

M a . Graptolite organic remains appear to behave similar to bitumen with 

increasing depth of burial; at higher levels of thermal maturity, graptolite 

reflectance increases more rapidly than vitrinite reflectance. A C A I of 5 

corresponds to a vitrinite reflectance of about 4.0% Romax and a graptolite 

reflectance range of 5.0% to 6.5% Romax. 

B. INTRODUCTION 

It is important in hydrocarbon exploration to accurately determine the thermal 

maturation of potential petroleum source rocks. Standard petroleum and coal 

industry techniques for assessing thermal maturity include vitrinite reflectance 

(Castano and Sparks, 1974; Davis , 1978; Bostick, 1979 and others), fluorescence 

and reflectance of bitumen and kerogen (Teichmuller and Wolf, 1977; Creaney, 

1978; Robert, 1980; Teichmuller and Durand, 1983), palynomorph color (Batten, 

1981; Rovnina, 1981) and conodont alteration index (CAI) (Epstein et al. , 1977; 

Legall et al. , 1981). With the exception of C A I , no petrographic techniques exist 

for quantifying the thermal maturity of Lower Paleozoic rocks because pre-Upper 

Silurian rocks generally do not contain vitrinite or spores (used for Thermal 

Alteration Index, TAI) . A new index, graptolite reflectance, has recently been 

suggested as an indicator of thermal maturity (Kurylowicz et al. , 1976; 

Teichmuller, 1978; Clausen and Teichmuller, 1982; Goodarzi, 1984; Goodarzi and 

Norford, 1985; Bertrand and H e r o u x , 1987) but no good correlation exists as yet 

between graptolite reflectance and other conventionally measured maturation 
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parameters. 

This study reviews the literature and provides background information on 

graptolites and their use as a thermal maturation index. The utility of graptolite 

reflectance as an indicator of organic maturation in Lower Paleozoic strata of 

northern Yukon is evaluated by examining the progressive changes in optical 

properties of graptolites with increasing level of thermal maturity. Organic matter 

in 19 samples collected from the Road River Group and Canol Formation were 

examined petrographically (Figs. 36 and 37 and Table V) from measurements of 

maximum (Romax), minimum (Romin) and random (Rorand) reflectance on polished 

whole-rock specimens. Progressive changes in reflectance of graptolites with 

increasing depth of burial is compared to other organic matter (bitumen and 

conodonts) in the same sample and an attempt is made to correlate graptolite 

and vitrinite reflectance, calibrated by C A I . 

1. Previous Work 

Only recently have graptolites been utilized to evaluate the level of organic 

maturation of sedimentary rocks. Ear ly studies of Kurylowicz et al. (1976) 

demonstrated that graptolite optical properties are similar to vitrinite. 

Subsequently, Teichmuller (1978) and Clausen and Teichmiiller (1982) reported 

maximum reflectances of graptolites ranging from 0.36% to 12.0% Romax. 

Goodarzi (1984) examined details of the internal structure and optical properties 

of graptolites from drillhole samples and described maximum graptolite reflectance 

values from 2.72% to 4.61% Romax, corresponding to present burial depths of 
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approximately 500 to 1500 metres. More recently, Goodarzi and Norford (1985) 

described optical properties of graptolites with maximum reflectance in oil ranging 

from 0.64% to 11.90% and calibrated these values with C A F s ranging from 1 to 

5. 

Studies to date indicate the maximum reflectance in oil and bireflectance (RoB) 

are the most diagnositc characteristics for assessing thermal maturity of 

graptolites. Correlation of Romax and RoB of graptolites with C A I indicates that 

Romax and RoB of graptolites increases slowly at low levels of C A I (Goodarzi 

and Norford, 1985) whereas at C A I values greater than 3, Romax of graptolites 

increases more rapidly with increasing thermal maturity than C A I . Goodarzi and 

Norford (1985) correlated graptolite reflectance, calibrated by conodonts, with 

vitrinite reflectance and reported a graptolite reflectance of 2.5% Romax indicates 

a temperature of about 1 0 0 ° C whereas a vitrinite reflectance of 2.5% corresponds 

to temperatures greater than 1 3 0 ° C . 



Figure 36. Locality map. Romax values of graptolites, vitrinite and CAI values of 
the Road River Group and Canol Formation. 
(• ) = vitrinite reflectance, % Romax. (A't = graptolite reflectance, %Romax, 
(•) = CAI. 
Base map modified from Tipper et al. (1981). See table I for explanation 
of tectono-stratigraphic assemblages. 
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LITHOLOGY AND DESCRIPTION 
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SILICEOUS LIMESTONE 

CALCAREOUS SHALE or DOLOMITIC SHALE 

SILICEOUS SHALE 

SHALEY LIMESTONE 

ARGILLITE 

FOLDS 

GRAPTOLITES 

SECTION 1. CANOL FORMATION 

D E S C R I P T I O N 

LOCATION 66* 55 'N .136*21 'W 

SCALE 1 2500 

SAMPLE NUMBERS 74-A to 74-H 

- Contact with overlying Imperial formation covered 

White and yellow w e a t h e r i n g black sil iceous thai* 
c overed 

Whi te .ye l low and rusty wea ther ing black sil iceous shale 
chert 

Whi te -gray w e a t h e r i n g black si l iceous shale 

Black si l iceous argil lite and black chert minor black alNcaoua t h a i * and 
gray l i m e s t o n e nodules 

Black siliceous argilhte and black chert, minor black s i l i c e o u s s h a l e 

( a ) 

Figure 37. Measured section along James River. Yukon Territory, 6 6 ° 5 5 N , 
1 3 6 ° 1 5 W. 
A . Stratigraphy of the Canol Formation. 



SECTION 2. ROAD RIVER GROUP 

h y y u'.' u II 

1 IjHU lil ill l.l 1,11,11,11.1 

74W 

D E S C R I P T I O N 

LOCATION, 66 55 N 136 18 W 

SCALE 1 2500 

SAMPLE NUMBERS 74 I to 74 J 

-Contac t with overlying Canol formation covered 

Black si l iceous shale mterbedded w i t h orange wea ther ing 
black arg11111e and dolomrtic shale Graptol i tes 

• c o v e r e d 

White rusty and gray weather ing dark gray dot omit ic shale and 
black s i l i ceous shale conta in ing graptol i tes 

Rusty w e a t h e r i n g b lack s i l i c e o u s shale ; minor dark gray 
c a l c a r e o u s shale 

" c o v e r ed 
W h i t e w e a t h e r i n g black c a l c a r e o u s s h a l e and yel low w e a t h e r i n g 
g r a y s h a l y l i m e s t o n e 

W h i t e wea ther ing black ca lcareous shale and yel low w e a t h e r i n g 
gray s h a l y l i m e s t o n e 

Whi te 
b lack 

wea ther ing 
calc areous 

gray 
s h a l e 

l i m e s t o n e . and y e l l o w to rusty w e a t h e r i n g 

B l a c k ca lcareous shale and yel low w e a t h e r i n g black shaly l i m e s t o n e . 
Minor rus ty wea ther ing b lack c h e r t 
Buf f and orange weathering gray green argilhte w i t h b lack laminae and 
yel low weather ing gray shaly l imestone. Local folds Indicating 
interdeformatlonal shear displacement between beds from 70 * 100m 
above the base of Dempster formation (Ceci le et al. , 1982). 

Gray shaly limestone; minor black ca lcareous shale and chert 

Black chert and black si l iceous shale, minor s i l iceous gray limestone, and black 
calcareous shale 

Black chert; minor black si l iceous shale and gray s i l iceous l imestone 

Black chert and black calcareous shale and gray s i l iceous l i m e s t o n e 

Black chert and gray si l iceous l imestone , minor black calcareous shale 

(b) 
B. Stratigraphy of the Road River Group. Formation names adopted from 

Cecile et al. (1982). 
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Table V. Graptolite-bearing samples collected from northern Y u k o n . See figure 1 
for sample locations. Si l . = Silurian; D e v . = Devonian; C a l c . = calcareous; A r g . = 
argilliceous; sh. = shale; Is. = limestone; weath.= weathered. 

Sample Depth Formation Age Lithology 

48D Vitreekwa Sil . to Dev.? A r g . Is. 

59B -- Vitreekwa Sil . to Dev.? Calc. sh. 

131A Road River O r d . to Dev.? Calc. 
Group weath. 

149 A Road River O r d . to Dev.? Calc. sh. 
Group 

155B - Road River O r d . to Dev.? Calc. sh. 
Group 

155C -- Road River O r d . to Dev.? Calc. sh. 
Group 
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2. Morphology and Optical Properties of Graptolites 

'Graptolites' is a colloquial term for members of Class Graptolithina (Phylum 

Hemichordata; Clarkson, 1981, p. 238). Graptolites are colonial marine 

invertebrates with a planktonic habitat that occur in Lower Paleozoic marine 

rocks. Since the early 1900's, graptolites have been used for biostratigraphy and 

correlation of shaly facies of Lower Paleozoic rocks. There are several orders 

within Class Graptolithina but only two are of importance: the Graptoloidea 

(Early Ordovician to Upper Silurian) and Dendroidea (Cambrian to Lower 

Carboniferous; Clarkson, 1981, p. 245). Graptolites examined in this study belong 

to the order Graptoloidea and include species primarily of Monograptus with 

minor examples of Bohemograptus, Climactograptus, Dicellograptus, Orthograptus, 

Amplexograptus and Didymograptus (Cecile et al . , 1982). 

The graptolite rhabdosome (skeleton of colony; F i g . 38) consists of: 1) thecae -

compartments once occupied by zooids; 2) apertures - the external openings of 

each tube in the skeleton; 3) common canal - the cavity round the virgula into 

which thecae open; 4) a virgula - a continous central structure that extends as 

a spine projecting from the thecae; and 5) a periderm - the substance composing 

the rhabdosome, which consists of an inner layer (fusellar tissue) with growth 

bands and lines, and an outer layer (cortical tissue) of laminated material 

(Crowther, 1981). Microstructures visible in reflected light include the cortical 

tissue, common canal and layered walls of the periderm (Figs. 39 and 40). 

Initial!}', it was believed that the graptolite periderm was constructed of a 
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chitinous substance (Kozlowski, 1949) but more recent work indicates a 

collagen-like nature of the component fibrils composing the fusellar and cortical 

tissue of the periderm (Towe and Urbanek, 1972; Crowther and Rickards, 1977). 

Graptolite skeletal material has optical properties similar to that of vitrinite but 

graptolites have distinct morphological features. Graptolite fragments show 

anisotropy, segmented structure and the surface m a y be granular or non-granular. 

Granular fragments comprise a mosaic of very fine 'grains' composing the 

exoskeleton or common canal and have weaker anisotropy and lower reflectance 

than non-granular fragments; the latter are usually hard and brittle (Goodarzi 

and Norford, 1985). 
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fusellar tissue 

Figure 38. Structural features of the graptolite rhabdosome. 
A . Graptolite rhabdosome (colony). 
B. Enlarged lateral view of one stipe. 
C . Structure of theca and common canal with part removed. 
D . Transverse section of a stipe showing cortical tissue surrounding fusellar 
tissue (stipled), which has the form of complete or split tubes for thecae. 
E . Diagram of periderm showing fusellar tissue laid down in alternating 
half-rings, surrounded by laminated cortical tissue. A to C modified from 
Clarkson (1981, p. 239); D to E modified from Moore (1955, p. 22). 
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Figure 39. Fragments of graptolites in Road River Group samples, polished 
surfaces, oil immersion. Sections cut normal to bedding, plane polarized 
light. 
A . Granular , lath-shaped graptolite fragment from sample 741. Note lower 
reflectance than fragment in ' C ' and oval-shaped pits (ov). 
B. Non-granular fragments from sample 74U. Note the periderm (P) and 
common canal (C) filled with carbonate and clay minerals. 



Figure 39 cont'd. C . Non-granular fragments from sample 74V showing higher 
reflectance than fragment in ' A ' and stipe-like morphology. 
D . Same as ' C \ with specimen rotated to show anisotropy. 



50 microns 

Figure 40. Fragments of graptolites from the Road River Group in sections cut 
and polished parallel to bedding. Same conditions as figure 39. 
A . Cortical tissue showing non-granular morphology in sample 74U. 
B . Non-granular fragments from sample 741 showing traces of cortical 
bandages. 



Figure 40 cont'd. C . Non-granular fragments from sample 741 showing tnocKy 
morphology. 
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C. METHODS 

Graptolite reflectance and C A I were determined from 14 outcrop samples collected 

from a measured section of the Road River Group (Fig. 37) and from nearby 

locations (Fig. 36). Graptolites were observed on bedding surfaces in hand 

specimens of most samples and thus ensured graptolites were examined (as 

opposed to other zooclasts, e.g., scolecodonts and chitinizoans). In order to 

correlate graptolite and vitrinite reflectance, calibrated by C A I , vitrinite reflectance 

and C A I was determined from 4 samples of the Canol Formation (Fig. 37). 

The level of organic maturity (rank) of all samples was determined utilizing a 

technique similar to vitrinite reflectance methods (I .C.C.P. , 1971). Whole rock 

specimens were mounted in cold-setting polyester resin pellets. The whole-rock 

specimen was placed in a 3 cm diameter plastic mold and enough epoxy added 

to cover the sample. A series of samples were then placed under a vacuum. 

The pressure was released, more epoxy added and then reapplied to eliminate air 

bubbles in the resin. Samples were left to set overnight and cured in a 3 0 ° C 

oven for 8 to 10 hours. Samples from the measured section (74 I-W) were cut 

and polished along a plane perpendicular to bedding and a plane parallel to 

bedding. The remaining samples were cut and polished perpendicular to bedding. 

The mean maximum and minimum reflectance values in oil (n= 1.518 at 546 

nm) were determined for some samples by rotating the microscope stage through 

3 6 0 ° as the reflectance was recorded with a computerized Lei tz® microscope 

(orthoplan M . P . V . II). The mean random reflectance (Rorand, polarizer out) was 

measured for comparison on samples 74 A - W . 
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A l l samples were examined for conodonts. Samples ranging in weight from 70 to 

2000 grams were dissolved in dilute (10%) acetic, formic or hydrofluoric acid, 

depending on lithology. Conodonts dissolved in acetic or formic acid were then 

isolated from the 74 to 2000/nm (-10 to +200 mesh) fraction of the residues by 

standard tetrabromoethane heavy-liquid and hand picking techniques. Conodonts 

dissolved in hydrofluoric acid were hand picked from the 74 to 177ym (-80 to 

+ 200 mesh) portion, with no prior heavy liquid separation. The 177 to 2 0 0 0 y m 

(-10 to + 80 mesh) portion was also examined for samples processed in this 

manner. The conodont color was then established by using a standard binocular 

microscope in conjunction with a visual color comparison (Epstein et al . , 1977) 

and a set of standards compiled from field collections with C A I ' s ranging from 1 

to 5. 

D . R E S U L T S 

1. Microscopic Morphology of Graptolites 

Features which are characteristic of graptolite fragments and distinguish them 

from bitumen and other fossil organic matter in the samples examined in this 

study include: 1) morphological aspects such as a periderm, thecae and common 

canal; 2) weak to strong anisotropy; 3) granular and non-granular fragments; 4) 

oval-shaped pits, which may represent irregulary spaced vesicles that form pits in 

the cortical tissue (see Crowther, 1981, p. 13 and 52); and 5) cortical tissue 

(outer layer of the periderm wall) with cortical bandages often visible (Figs. 39 

and 40). 



210 

A l l graptolites examined contained non-granular, white (in reflected light), brittle 

(fractured) fragments with weak to strong anisotropy. Sample 741 contained both 

granular and non-granular particles with m a x i m u m reflectance values of 2.7% and 

4.0% Romax, respectively (Table V I and figure . 39). The granular material is 

commonly lath-shaped and has lower reflectance values than non-granular 

fragments. Non-granular material exhibits blocky morphology on sections cut 

parallel to the plane of bedding but appear as thin blades in sections normal to 

bedding (Fig. 39). Sample 74J contains non-granular fragments, exhibiting weak 

- (RoB = 0.7) and strong (RoB=1.7) anisotropy (Tables V i a and VIb), which may 

represent different species of graptolites or perhaps fragments of other organic 

matter (e.g., tasmanites observed in sample 741, F i g . 41, or chitinozoans). No 

distinguishing morphological features are evident. 

Bitumen was observed in several samples and is distinguished by its lack of a 

definitive morphology, devolatization vacuoles and its common occurrence in 

cavities, lenses and veins or dispersed throughout the matrix (Fig. 42). 

2. Reflectance Data 

The reflectance data of graptolites, vitrinite and bitumen are summarized in 

tables V I , VII , VIII and IX. 



Figure 41. Fragments of Tasmanites in section cut and polished normal to 
bedding. Same conditions as in figure 39. Note strong anisotropy of 
Tasmanites and cavity filled with granular organic matter. 
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Figure 42. Bitumen in sections cut and polished parallel to bedding. Same 
conditions as in figure 39. 
A . Pyrobitumen in Sample 74M. Note devolatization vacuoles (dv) and 
non-granular texture. 
B. Bitumen in sample 59B. Bitumen is yellow, granular and dispersed 
throughout the matrix. Note granular graptolite fragment (gr) with 
oval-shaped pits (ov). 
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Table V I . Measured graptolite reflectance in samples collected from measured 
section of Road River Group, along James River, northern Y u k o n . Figure 36 
shows sample locations and figure 37 summarizes the stratigraphy and present 
depths of burial . ng= non-granular, g r = granular graptolites, Romax = m a x i m u m 
reflectance, B R O = bireflectance, Rorand = random reflectance, Romin= minimum 
reflectance, N = number of graptolite fragments measured. 

a. Sections cut and polished perpendicular to bedding. '* ' denotes sections in 
which bedding was not well-defined. 

Sample Romax a Romin a B R Q Rorand £ N_ 

741 2.66 0.04 2.01 0.08 0.65 -- -- 2 

(gr) 

4.04 0.37 3.21 0.30 0.83 2.42 0.19 6 

(ng) 

74J 4.30 0.13 2.84 0.83 1.16 -- -- 11 

(ng) 

5.28 0.29 2.38 0.97 2.90 2.51 0.13 13 

(ng) 

7 4 N * 4.50 0.16 2.87 0.16 1.63 2.47 0.14 2 

(ng) 

740* 4.60 0.36 1.96 0.06 2.64 2.96 0.57 2 

(ng) 

7 4 U * 4.69 0.31 3.06 0.57 1.63 2.23 0.01 4 

(ng) 

74V 5.74 0.87 1.00 0.40 4.74 2.88 0.42 5 

(ng) 
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Table V I b. Sections cut and polished parallel to bedding. denotes samples in 
which bedding was not well-defined. 

Sample Romax a Romin a B R O Rorand a N_ 

741 2.51 0.16 1.92 0.23 0.59 -- -- 5 

(gr) 

4.15 0.52 3.41 0.41 0.74 2.09 0.78 7 

(ng) 

74J 4.17 0.34 3.51 0.36 0.66 -- -- 6 

(ng) 

5.98 0.46 4.54 0.64 1.44 2.59 0.41 11 

(ng) 

7 4 N * 4.38 0.37 2.90 0.87 1.48 2.75 0.32 10 

(ng) 

740* 4.86 0.00 2.29 0.00 2.57 2.84 0.00 1 

(ng) 

7 4 U * 5.03 0.00 3.35 0.00 1.68 2.98 0.00 1 

(ng) 

74V 6.45 0.42 5.35 0.37 1.09 3.01 0.52 6 

(ng) 
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Table VII . Measured graptolite reflectance in samples collected from Road River 
Group in northern Y u k o n . Figure 36 shows sample locations and table V 
describes the age and lithology of samples. Abbreviations are explained in table 
V . Sections are cut and polished approximately normal to bedding. 

Sample Romax a_ Romin £ B R O N 

48D 5.28 (ng) 0.73 3.61 1.03 1.67 

59B 5.44 (ng) 0.59 2.99 0.40 2.45 26 

131A 3.99 (ng) 0.42 3.07 0.34 0.92 43 

149A 4.81 (ng) 0.56 3.75 0.66 1.14 27 

155B 5.39 (ng) 0.73 3.23 0.53 2.16 

155C 4.75 (ng) 0.50 4.02 0.41 0.75 19 
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Table VIII. Measured bitumen reflectance in sections cut perpendicular to bedding. 
Romax = maximum relfectance, BRO= bireflectance, Rorand = random reflectance, 
N= number of fragments of bitumen measured. 

Sample Romax a BRO Rorand o N 

74G . . . . . . . . . . . . 1.18 0.67 67 

741 1.74 0.24 0.78 1.76 0.52 8 
2.96 0.48 1.40 2.45 0.48 16 

74M 3.01 0.29 1.18 3.06 0.24 3 

74N 3.38 0.00 2.01 2.62 0.00 1 

740 2.69 0.42 0.98 1.98 0.57 15 

74V 1.93 0.38 0.72 1.56 0.54 15 

59B 3.95 0.47 1.71 -- -- 6 

149A 3.10 0.47 0.50 8 
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Table IX. Measured vitrinite reflectance in samples collected from measured 
section of Canol Formation, along James River in northern Y u k o n . Figure 36 
shows sample locations and figure 37 summarizes the stratigraphy and present 
depths of burial . Abbreviations are explained in table V . 

Sample Romax o Romin a B R O Rorand a N 

74B 3.62 0.00 2.99 0.00 0.63 3.39 0.01 1 

74A 3.72 0.03 3.02 0.36 0.70 2.96 0.00 2 

74E 3.82 0.03 2.75 0.42 1.07 3.17 0.04 3 
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a. Optical Properties of Graptolites 

A l l graptolite specimens from the Road River Group have biaxial negative optical 

properties with the m a x i m u m and intermediate reflectance values located in (or 

close to) the plane of bedding and the m i n i m u m reflectance normal to bedding. 

Similar results have been obtained for graptolites (Goodarzi, 1984) and for 

vitrinite (Bustin et al . , 1986). It is important to note the indicatrix serves to 

illustrate how the refractive index varies according to the vibration direction of a 

light wave in a transparent crystal, whereas the reflectance indicatrix (optical 

indicating surface) is used to denote the principal vibrating directions, refractive 

indices and absorption coefficients for an absorbing material (e.g., vitrinite or 

graptolites; Hallimond, 1972, p. 122). For biaxial substances, the optical indicating 

surface (reflectance indicatrix) of reflectivity has 3 planes of symmetry (Hevia 

and Virgos, 1977). Figure 43 illustrates the reflectance indicatrix and principal 

reflectance axes, of the biaxial indicating surface of graptolites, measured in 

different orientations. 

b. Maximum Reflectance and Bireflectance of Graptolites 

In sections cut normal to bedding, m a x i m u m reflectance of non-granular 

graptolites ranges from 4.0% to 5.7% (Tables V i a and VII) whereas in sections 

cut parallel to bedding, maximum reflectance values from 4.2% to 6.5% (Table 

VIb) were obtained for non-granular graptolites. 



Figure 43. Principal reflectance axes 
measured in graptolites. 
A . Graptolites are most 
commonly observed on bedding 
planes of black shales. 
B. Principal reflectance axes of 
the biaxial indicating surface of 
graptolites in sections cut and 
polished parallel and 
perdendicular to bedding: (i) In 
sections cut parallel to bedding, 
Ra and Rb are observed. In 
sections cut normal to bedding, 
either (ii) Ra and Rc, or (iii) 
Ra and Rb, or (iv) R a ' are 
observed. Ra = Romax; Rb = Roint: 
Rc = Romin. Inset illustrates the 
biaxial negative indicatrix in the 
shape of an oblate ellipsoid, 
(modified from Hower and 
Davis. 198f). 
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The degree of anisotropy (bireflectance) in non-granular fragments ranges from 

0.75 to 4.7 (Tables V i a and VII) and from 0.7 to 2.6 (Table VIb) for sections 

cut normal and parallel to bedding, respectively. 

Laterally, the level of organic maturity, measured from graptolite organic matter, 

near the top of the Road River Group varies from 4.0% to 5.4% Romax. Romax 

values increase from 4.0% to 5.4% in sections cut perpendicular to bedding 

whereas in sections cut parallel to bedding, Romax values increase from 4.2% at 

the top to 6.5% at the bottom through an 800 m section. 

The vertical (stratigraphic) variation in maturity (maturation gradient) through the 

Road River Group was determined from the 800 m section. The measured 

maturation gradient fits a log (Romax) linear (depth) relationship (Fig. 44) 

although insufficient data is available to confidently define the relationship. 

Maturation gradients based on coal show a similar log-linear relationship between 

vitrinite reflectance and depth of burial (e.g., Bustin, 1986). The maturation 

gradient calculated for graptolite reflectance data ranges from 0.36 to 0.39 log 

Romax/km for Romax measured normal and parallel to bedding respectively (Figs. 

44a and b). Inasmuch as Romax measured on plane parallel to bedding should 

equal Romax measured perpendicular to bedding, for biaxial negative substances 

(Fig. 43), the difference in maturation gradients measured parallel and 

perpendicular to bedding (0.03 log Romax/km) is insignificant. Hence the 

maturation gradient measured parallel to bedding (0.39 log Romax/km) will be 

used to describe the vertical variation in maturity of the Road River Group in 

this study. 
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c. Maximum Reflectance and Bireflectance of Bitumen 

The m a x i m u m reflectance of bitumen ranges from 1.7% to 4.0% and RoB varies 

from 0.5 to 2.0 (Table VIII). Bitumen reflectance is consistently lower than 

graptolite reflectance in all samples which contain both types of organic matter 

(Tables V I , VII and VIII). Sample 741 contains 2 phases of bitumen and the 

reflectance of the white, non-granular phase (3.0% Romax) is almost twice that 

of the yellow, granular phase (1.7% Romax). 

d. Random Reflectance of Graptolites and Bitumen 

Random and maximum reflectance measurements of graptolites and bitumen are 

summarized in tables V I and VIII. Random reflectance values of graptolites 

ranges from 2.2% to 3.0% and from 2.1% to 3.0% for sections cut normal and 

parallel to bedding respectively (Tables V i a and Vlb) . Random reflectance values 

of bitumen varied from 1.6% to 3.1% (Table VIII). There is a larger standard 

deviation for random reflectance determinations than for maximum reflectance, 

making Romax the preferred measurement for reflectance of graptolites and 

bitumen. Similar results have been reported for vitrinite reflectance measurements 

(Davis, 1978). 
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Figure 44. Maturation gradients for 

stratigraphic sections through 
the Road River Group and 
Canol Formation. Location and 
stratigraphy of the sections are 
shown in figures 36 and 37. 
Regression line: log (Romax), 
linear (depth), r 2 is goodness of 
fit of regression line. Standard 
deviation bar is shown for 
samples for which more than 
one reflectance measurement 
was made. 
A . Romax of graptolites 
measured normal to bedding of 
Road River samples. Maturation 
gradient = 0.36 log Ro/km. 
B. Romax of graptolites 
measured in the plane of 
bedding of Road River samples. 
Maturation gradient = 0.39 log 
Ro/km. 
C. Romax of vitrinite measured 
in samples from the Canol 
Formation. Maturation 
gradient = 0.14 log Ro/km. 
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The poor correlation ( r 2 = 0.15) between Rorand and Romax for graptolites is a 

result of Romax increasing at a different rate than Romin with increasing 

thermal maturity. Teichmuller and Teichmiiller (1982, p.52) report similar results 

for vitrinite; the degree of anisotropy (bireflectance; difference between maximum 

and minimum reflectance) increases with increasing maturation and shows 

considerable scatter between 4% and 6% Romax. Random reflectance is the mean 

of the maximum and apparent minimum reflectances (Davis, 1978) and therefore 

will not increase in a predictable and progressive manner at high levels of 

organic maturity (e.g., > > 1.4% Romax; Davis , 1978). Romax is thus the 

preferred measurement of both graptolites and bitumen examined in this study. 

e. Vitrinite Reflectance Data 

The reflectance data for vitrinite in the Canol Formation is summarized in table 

IX. Reflectance of vitrinite ranges from 3.6% to 3.8% Romax and 3.0% to 3.4% 

Rorand. RoB of vitrinite varies from 0.6 to 1.1 and a poor correlation ( r 2 =0 .26) 

exists between Rorand and Romax for vitrinite. 

In figure 44c, the vertical variation in vitrinite maturity (maturation gradient) of 

a 300 m section of the Canol Formation indicates a maturation gradient of 0.14 

log Romax/km. 
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3. Conodont Alteration Index 

C A I values of the few samples which produced conodonts upon extraction are 

summarized in table X and illustrated in figure 45. The C A I is constant at a 

value of 5 for all samples examined. Conodonts which have a C A I of 4.5 or 

higher often show changes in surface texture from smooth and vitreous to pitted 

and grainy (Epstein et al. , 1977), as evident in some conodont fragments of this 

study (Fig. 45). Subtle changes in the C A I at such a high level of maturity are 

difficult to ascertain as a result of genetic and structural differences between 

different conodont species and the shape, size, stage of growth, maturity and/or 

robustness of individual, conodont elements (Epstein et al . , 1977). 
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Table X . Conodont alteration index (CAI) determined for samples collected from 
Road River Group and Canol Formation. Refer to figure 37 for summary of 
sample descriptions. R o m a x = m e a n m a x i m u m reflectance: (g) denotes Romax of 
graptolite fragments measured on the plane of bedding for samples 7 4 U and V ; 
Romax for sample 74T was calculated from the line of best fit in figure 44b; 
(v) denotes Romax of vitrinite in sample 74G, calculated from the line of best fit 
in figure 44c. 

Sample C A I Romax 

7 4 G 5 3.97(v) 

74T 5 5.77(g) 

7 4 U 5 5.03(g) 

74W 5 6.45(g) 



Figure 45. Conodonts recovered from the Road River Group, 
A . Sample 74T. 
B. Sample 74U. 
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a. Calibration of Graptolite Reflectance with CAI 

In figure 46, graptolite reflectance is plotted with C A I and indicates graptolite 

reflectance increases slowly with low levels of C A I . Graptolite reflectance 

increases more rapidly than the C A I at high levels of maturity and thus is a 

more sensitive indicator of thermal maturity at C A I values greater than about 3. 

Separate curves are plotted for graptolites from shales and graptolites from 

carbonates because, in a given sample, graptolite reflectance is higher in shales 

than in carbonates. 

E. DISCUSSION 

1. Granular and Non-granular Graptolite Fragments 

Granular fragments of graptolites are differentiated from non-granular shapes by 

lower reflectance, lath-like morphology and the appearance of a mosaic of very 

fine 'grains'. Goodarzi and Norford (1985) consider the granular fragments to be 

part of the common canal. Hence, the granular fragments may consist of the 

remains of zooids which once occupied individual thecae and were interconnected 

via the common canal. Alternatively, granular particles may represent granular 

cortical tissue composing the outer layer of the periderm. Cortical bandages 

(ribbon-like increments of the cortical tissue) are enveloped by a bounding 

granular sheet fabric (Crowther, 1981, p. 13) which may appear granular in 

reflected light. Similarly, granular particles may depict fusellar tissue of the 

periderm. Fusellar tissue is the primary component of all graptolite thecal walls 
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but is often masked by ectocortex (cortical tissue; Crowther, 1981, p. 11). A 

packet of loosely anastomosing fibrils comprises each fusellum (Crowther, 1981, p. 

11); fusellar fabric exposed along fracture surfaces of broken periderm (Crowther, 

1981, p. 11) may also appear granular in reflected light. If the granular 

fragments represent one layer (fusellar or cortical) of the periderm, then 

non-granular fragments m a y be the manifestation of an intact periderm where 

both fusellar and cortical tissue are seen. 

Another possible explanation for granular graptolite fragments might be that 

different genera or species show different optical properties and morphology. 

However, the type of paleontological classification required to determine the 

relationship between granular versus non-granular fragments and graptolite species 

or genera type is absent at present. 



Figure 46. Maximum reflectance in oil of graptolites versus C A I . Goodarzi and 
Norford's (1985) data: (•), graptolite in shale; (o), weathered graptolite; (•), 
graptolite in limestone and calcareous shale; and (A), graptolite in ^ 
sedimentary lead-zinc deposit. Data from the present study: (•), graptolite in £o 
shale; (n), argillaceous limestone. See table X for specific Romax and C A I c> 
values from the present study. 
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2. Biaxial Nature of Graptolites 

Graptolites examined in this study with Romax values of 4.0% to 6.5% have 

biaxial negative optical properties. Preliminary studies involving laboratory-induced 

maturation of graptolites (Bustin and L i n k , unpublished)- suggest that significant 

changes in graptolite reflectance with increasing temperature can result and that 

a deviatoric stress field is not necessary to produce biaxial optical properties in 

graptolites. Preferred 'crystal' growth m a y be the major mechanism for producing 

preferred orientation of the aromatic graphite-like lamellae in coals (Levine and 

Davis , 1984) and m a y be responsible for the biaxial nature of graptolites even 

with maturation under hydrostatic conditions. Fossil organic matter is usually 

considered as a colloidal substance, but the term crystal growth is used here to 

express the relative increase in the proportion of carbon atoms in an aromatic 

structure which yields aromatic graphite-like lamellae. 

A s discussed previously, graptolite periderm may be composed of a chitinous 

(N-acetyl glucosamine) or collagen-like (proteinaceous) substance; neither of these 

compounds contain an aromatic structure. It is important to note, therefore, that 

the graptolite periderm may not contain an aromatic structure at low levels of 

organic maturity. Chitin is probably not responsible for high reflectivity in 

graptolites because chitin also composes light-colored (low reflectivity) fungal cells 

in certain coals (Teichmiiller, 1982, p. 280). However, thermal maturation of 

chitin could produce an aromatic structure (which would show an increase in 

reflectivity due to preferred orientation of graphite-like lamellae) as a result of 

diagenetic reactions such as dehydration and deamination (Hunt, 1979, p. 
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114-115). If, however, the graptolite periderm comprises a collagen-like substance, 

then preferred orientation of aromatic graphite-like lamellae is not responsible for 

high reflectivity of graptolites. Rather, high reflectivity from a collagen-like 

substance m a y be a result of the highly-ordered 3 dimensional helix shape 

(Leninger, 1975, p. 135). Clearly, detailed analysis of the graptolite periderm is 

required in order to elucidate its chemical and structural framework and relate 

this to the optical properties of graptolites in reflected light. 

a. Variations in Romax 

In specimens which exhibit biaxially negative properties, the measured values of 

Romax on the plane normal to bedding (Ra in F i g . 43B(iii)) should be 

approximately equal to Romax values measured on the plane parallel to bedding 

(Ra in F i g . 43B(i); if the measurements are made on different planes with the 

polarizer in the same position (parallel to Romax). Several factors m a y explain 

the observed differences in Romax measured parallel to, and normal to bedding 

(compare Tables V i a and VIb). A t-test of the hypothesis that the orientation of 

the section (normal or parallel to bedding) does not affect the measured value of 

Romax shows that the difference between Romax measured normal to and 

parallel to bedding is not significant (95% confidence level); hence the orientation 

does not have an effect on the measured Romax. Alternatively, the principal 

reflectance axes of graptolites may not always lie exactly parallel or 

perpendicular to bedding perhaps because the maximum stress was oriented 

non-perpendicular to bedding (e.g.,' see Bustin, et al . , 1986). Thus, the plane 

containing the trace of Romax (the Ra-Rb and Ra-Rc planes in figure 43B) may 
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make a small angle with the bedding plane. Furthermore, differences in the 

quality of polish may arise on different surfaces and errors may be made in 

cutting the sections so they are not perfectly normal or parallel to bedding. A t 

the microscopic level, the bedding of the limestone is difficult to ascertain 

(samples 74N, - O , -U) so that the measured surface m a y not be perfectly 

parallel to bedding. 

3. Lateral and Stratigraphic Variation in Reflectance 

Laterally, the mean Romax values of graptolites in the Road River Group range 

from 4.0% to 6.5% Romax and the highest values occur near the base of the 

Group (Loucheux Formation) in the central Richardson Mountains. The Richardson 

Mountains mark the former position of the Richardson Trough ( A . W . Norris , 

1985) and deep burial in the trough sometime before the Carboniferous (see Figs. 

10a and 13c, part I) is responsible for high Romax values of graptolites in the 

Road River Group. Because of structural complexity in the Ogilvie and Richardson 

Mountains, it is not possible to provide definitive stratigraphic correlation between 

the maturation levels of the Group. 

The higher maturation gradient (0.39 log Romax/km) calculated from the older 

(Ordovician to E a r l y Devonian) graptolite-bearing strata than the gradient (0.14 

log Romax/km) calculated from younger (Middle Devonian) vitrinite-bearing strata 

m a y signify a higher paleogeothermal gradient during maturation of 

graptolite-bearing strata. The Richardson Trough represents a Paleozoic aulacogen 

(failed arm) whose genesis m a y lie in a heat plume-generated triple junction 
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(Pugh, 1983). H i g h paleoheat flow (> 70 m W / m 2 ; Sclater and Francheteau, 

1973, p. 487) associated with evolution of the aulacogen during the Proterozoic 

(Young et al . , 1979) could therefore be responsible for high paleogeothermal 

gradients (> 3 5 ° C / k m ) during burial of Road River strata. Such high heat flow 

however, probably also existed during burial of Canol strata. Also, because the 

decrease in heat flow during the interval of time representing the end of Road 

River deposition and the start of Canol sedimentation (24 Ma) would be 

insignificant (see Sclater and Francheteau, 1973, F ig . 38-9, p. 482). Therefore, it 

seems unlikely that a higher paleogeothermal gradient existed during burial of 

Road River than Canol strata. Alternatively, as will be discussed later, the 

maturation gradient calculated from graptolite reflectance data is greater than the 

gradient calculated from vitrinite reflectance data because graptolite reflectance 

increases more rapidly than vitrinite reflectance at higher levels of maturity. 

A maturation gradient was not calculated for the bitumen reflectance data 

because of the presence of different phases with different reflectance values 

within one sample and between samples (Table VIII) which could represent 

multiple hydrocarbon generation or multiple oil migration episodes (Robert, 1980). 

a. Variation in Bireflectance 

Bireflectance (RoB) of graptolites does not show any relationship to the depth of 

burial nor to the thermal maturity (Tables V I and VII). Similar results have 

been observed in vitrinite at Romax values between 4% and 6% where there is 

a large scatter in the RoB of vitrinite Teichmuller, 1982, p. 49). In coals, a 
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progressive increase in the RoB of vitrinite is a measure of the increasing order 

achieved by the aromatic lamellae. The organic matter comprising the graptolite 

exoskeleton may have a variable degree of ordering in the range 4% to 6.5% 

Romax; thus a relationship between RoB of graptolites and thermal maturity may 

not exist. Alternatively, the relationship between RoB and depth of burial m a y 

not be obvious due to errors in measuring Romin and therefore RoB. For 

example, the measured surface containing Romin may not be cut precisely normal 

to bedding, or Romin may not lie exactly normal to bedding, both of which 

would affect the calculated RoB. Measurement of Romin is difficult on sections 

cut perpendicular to bedding as a result of the generally small particle size 

exposed in this orientation (thin, lath-like shapes as opposed to blocky morphology 

in sections cut parallel to bedding). 

4. Influence of Host-rock Lithology on Graptolite Reflectance 

Graptolites in limestone samples have lower reflectance values than predicted by 

the line of best fit in figure 44. Goodarzi and Nordord (1985) similarly noted 

lower reflectance values for graptolites in limestones than in shales and vitrinite 

in carbonates has been shown to have lower reflectances than in coals (Epstein 

et al. , 1977). Factors which might explain the relationship between host-rock 

lithology and graptolite reflectance include polishing techniques, thermal 

conductivity contrasts of different lithologies, varying graptolite species with facies, 

and dissolution of carbonates. Recent studies (Goodarzi and Stasiuk, 1987) suggest 

that negative relief due to polishing fragments which are softer than the 

imbedding media may result in a decrease of the true reflectance. If graptolites 



236 

are softer than the carbonate host-rock (imbedding media in whole-rock 

specimens), then negative relief could decrease the measured reflectance of 

graptolites in carbonates. Carbonates are harder than shales and therefore more 

negative relief of the graptolite surface, and hence lower reflectivity, may occur 

in carbonates than in shales. No obvious difference in the polished graptolite 

surface in carbonates and shales was observed in this study and resolving 

whether lower graptolite reflectance in carbonates as compared to shales is a 

result of polishing techniques requires further study. 

Thermal conductivity contrast between carbonates and shales cannot explain lower 

reflectance values in carbonates because it is unlikely that a significant difference 

in thermal history would exist between thinly interbfedded limestones and shales 

of the Road River Group. 

Graptolite species with a lower reflectance might preferentially be associated with 

limestones but this seems unlikely because graptolites are not associated 

ecologically with any particular type of sedimentary environment due to their 

planktonic nature (Moore, 1955, p. 16). 

The most likely explanation for lower graptolite reflectance values in limestones 

appears to be related to dissolution of the carbonates. A l l of the limestone 

samples examined in this study are weathered, and the carbonates show signs of 

dissolution, which increases their porosity and permeability. Oxidation of 

graptolites could thus be enhanced by exposure to the atmosphere at or near the 

surface, or by oxygenated groundwater percolating through the permeable 
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limestone. Natural ly oxidized vitrinite is reported to have lower reflectance values 

(Bustin et al . , 1985) and graptolites could react in the same manner. 

Alternatively, release of C 0 2 during the dissolution of carbonates in the 

subsurface would increase the pressure of C 0 2 ( P C 0 2 ) in limestones. H i g h P C 0 2 

could inhibit the reaction: 

Graptolite organic matter + heat = > Graptolite organic matter + hydrocarbons 

+ C 0 2 

The net effect would be to slow the rate of thermal maturation of graptolites in 

limestones. 

5. Correlation of Graptolite and Vitrinite Reflectance using CAI 

a. Calibration of Graptolite Reflectance with Time and Temperature 

Time, temperature and tectonics are controlling parameters of maturity and an 

assessment of their effects on graptolite and vitrinite reflectance and C A I should 

help in establishing a correlation between the thermal maturation indices. The 

Arrhenius plot presented in figure 47 illustrates the relationship between 

temperature, duration of burial and C A I . These experimental data are used to 

estimate the maximum and minimum temperatures which Road River strata 

experienced. Conodonts recovered from the Road River strata in this study have 

a C A I of 5 and are approximately 430 M a old (Orchard, pers. comm., 1986). 

The minimum possible time for burial and heating of the strata is on the order 
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of 70 M a if unloading by erosion began at the end of the Devonian during the 

Ellesmerian orogeny (which occurred about 360 M a ; Pugh, 1983). If however, 

uplift and erosion did not begin until Late Cretaceous to E a r l y Tertiary time 

(Laramide orogeny, about 70 M a ; Dixon, 1986) then the m a x i m u m possible burial 

time for the Road River strata could be as long as 360 M a . U s i n g the 

Arrhenius plot of conodont data (Fig. 47), the temperature required to produce a 

C A I of 5 for a burial time of 360 M a is about 3 1 0 ° C whereas a temperature 

of about 3 2 0 ° C would result in a C A I of 5 for a burial time of 70 M a . 

Thus , graptolite reflectances of 5% to 6.5% Romax (correlated to a C A I of 5) 

represent temperatures of 310 to 3 2 0 ° C for m a x i m u m and minimum burial times 

of 360 and 70 M a , respectively. 

The burial history of the Road River Group is probably much more complex than 

suggested by estimates denoted above (see part I of thesis). However, the 

m a x i m u m and minimum durations of burial time used in the present study 

facilitate approximation of the minimum and maximum temperatures attained 

during burial of Road River strata. Neither the precision of the Arrhenius plot 

nor the maturation measurements warrant consideration of a more complex burial 

history at this time. 
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Figure 47. Arrhenius plot of the experimental data of Epstein et al . (1977) and 

maximum and minimum temperature ranges of conodont samples from the 
Road River Group in the study area. The maximum temperature is 
determined by plotting the minimum burial time (70 Ma) on the line 
corresponding to a C A I of 5. This point is extrapolated to 3 2 0 ° C on the 
temperature axis. Similiarly, the minimum temperature indicated by a C A I 
of 5 is found by extrapolating, the maximum burial time of the Road River 
Group (360 Ma) to 3 1 0 ° C . 



240 

(i) Calibration of Graptolite and Vitrinite Reflectance with Time and 

Temperature 

Because graptolites and vitrinite do not occur in the same strata in this study, 

calibration of graptolite with vitrinite reflectance is achieved by correlation of 

graptolite reflectance with C A I . In this study, only 2 samples which contained 

graptolites also yielded conodonts whereas none of the vitrinite-bearing samples 

included conodonts. Therefore, in order to calibrate graptolite and vitrinite 

reflectance, calibrated by C A I , a graptolite or vitrinite reflectance was calculated 

from the line of best fit in figure 44b (graptolite reflectance for sample 74T) 

and in figure 44c (vitrinite reflectance in sample 74G). Graptolite reflectance 

values of 5% to 6.5% Romax and a vitrinite reflectance of 4.0% Romax 

correspond to C A I values of 5 in this "study (Table X) . 

If graptolite reflectance reacts to time-temperature changes in the same manner 

as vitrinite reflectance, then the maximum and minimum temperatures estimated 

from graptolite reflectance indirectly by C A I should approximate those estimated 

from similar plots of vitrinite reflectance data. Figure 48 is a plot of thermal 

history calibrated with vitrinite reflectance. M a x i m u m and minimum temperatures 

represented by vitrinite reflectance values (equal to the measured graptolite 

reflectance values of 5% to 6.5% Romax) can be determined by plotting the 

minimum and maximum burial times of Road River strata (70 and 360 M a , 

respectively) on isoreflectance lines in figure 48. Vitrinite reflectances of 5% to 

6.5% Romax indicate a temperature range of 120 to 1 5 0 ° C for the maximum 

burial time of 360 M a whereas temperatures from 190 to 2 3 0 ° C are suggested 
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by vitrinite reflectances of 5% to 6.5% Romax for a minimum burial time of 70 

M a . T h u s , for a minimum burial time of 70 M a , graptolite reflectances of 5% to 

6.5% Romax (CAI=5) correspond to a temperature of about 3 2 0 ° C whereas 

vitrinite reflectances of 5% to 6.5% Romax represent temperatures of about 1 9 0 ° 

to 2 3 0 ° C . Taken at face value, this suggests that graptolite organic matter, 

conodont material and vitrinite do not react to increasing temperature in the 

same manner. 

b. Correlation of Graptolite and Vitrinite Reflectance 

Goodarzi and Norford (1985) suggest that graptolite organic matter behaves 

similarly to bitumen with increasing depth of burial. Figure 49 demonstrates that 

reflectance data from graptolites examined in the present study plot close to the 

bitumen line. Bitumen which has experienced the same burial and thermal history 

as vitrinite has a lower reflectance value than vitrinite, up to a level of thermal 

maturity of about 1.0% vitrinite reflectance. A t vitrinite reflectance values greater 

than about 1.0%, bitumen reflectance increases more rapidly than vitrinite 

reflectance (Jacob et al . , 1985). If graptolite organic matter reacts in the same 

manner as bitumen, then a graptolite reflectance of 5.0% should correspond to a 

vitrinite reflectance less than 5.0%, for the same thermal history. Evidence for 

higher graptolite than vitrinite reflectance in a given sample is seen in vitrinite 

data obtained from the Canol Formation where a C A I of 5 corresponds to a 

vitrinite reflectance of about 4.0% Romax whereas a C A I of 5 in samples from 

the Road River Group corresponds to a graptolite reflectance values from 5% to 

6.5% Romax. Furthermore, the higher maturation gradient calculated from 
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graptolite reflectance data (up to 3 times higher) than that calculated from 

vitrinite reflectance data suggests that graptolite reflectance increases more rapidly 

than vitrinite reflectance with increasing depth of burial. 

Successful maturation modelling can only be obtained with an accurate model of 

the thermal history and an accurate knowledge of the reaction parameters 

comprising the s y s t e m / The first-order reaction theory commonly used in 

time-temperature plots may not apply to graptolite organic matter. Also, the 

assumption of temperature independence of the constants in the Arrhenius 

equation is valid only over a short temperature range and thus estimation of 

geologic temperatures from laboratory-induced maturation data is not entirely 

accurate. The dependence of graptolite reflectance on time and temperature should 

be calibrated like that for vitrinite reflectance (e.g., F i g . 48) so that a direct 

comparison between graptolite and vitrinite reflectance can be made without 

indirectly correlating to CAI. 
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Figure 4 8 . Diagram of thermal history calibrated with maximum vitrinite 
reflectance in oil. The maximum and minimum temperature ranges of 
graptolite reflectance values in the range of 5.0 to 6.5% Romax are 
determined by plotting a maximum burial time of 360 M a and a minumum 
burial time of 70 M a on isoreflectance lines of 5% (•) and 6.5% (•) 
Romax. (modified from Wright, 1980). 
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1. Graptolite reflectance is a useful tool for assessing the level of thermal 

maturity of Lower Paleozoic marine strata in which vitrinite and spores are 

absent. 

2. Graptolite fragments are easily recognized in reflected light microscopy because 

they have distinct features such as: a) weak to strong anisotropy; b) rough, 

granular fragments which are commonly lath-shaped; c) smooth, non-granular 

higher reflecting fragments which have blocky or stipe-like morphology; d) 

oval-shaped pits; and e) cortical bandages. 

3. M a x i m u m reflectance is the most reliable method of assessing the level of 

thermal maturity of graptolites. Graptolites with Romax values as low as 4% are 

anisotropic and have biaxial negative properties. The measured maximum 

graptolite reflectance is parallel to bedding and the measured minimum graptolite 

reflectance is normal to bedding. Depending on the orientation of the surface, the 

measured Romax will vary from the true Romax to an intermediate value. 

Random reflectance is not a reliable method of determining the reflectance of 

graptolites because of their anisotropic and biaxial nature. 

4. The mean maximum reflectance of graptolites appears to increase with 

increasing depth of burial. The increase in Romax with depth fits a log (Romax) 

linear (depth) relationship although insufficient data is available to confidently 

define the relationship. 
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5. Graptolites in limestones have lower reflectance values than graptolites in 

shales from the same stratigraphic level, possibly as a result of the more 

permeable nature of the limestones which enhances the effects of weathering and 

oxidation. Alternatively, increased P C C * 2 as a result of carbonate dissolution 

during maturation in the subsurface might slow the rate of thermal maturation 

of graptolites in limestones. 

6. Graptolite reflectance is the more sensitive indicator of thermal maturity at 

C A I values greater than about 3 whereas graptolite reflectance increases more 

slowly at low levels of C A I . Subtle changes in the C A I at high levels of 

maturity (CAI = 5) are difficult to ascertain as a result of genetic and structural 

differences between different conodont species and the shape, size, stage of 

growth, maturity and/or robustness of individual conodont elements (Epstein et al . , 

1977). Hence, the level of organic maturity determined by C A I is less 

quantitative and represents a wider range than the level of maturity measured 

by reflectance methods. 

7. A n attempt to correlate graptolite reflectance calibrated by C A I with vitrinite 

reflectance using a burial time of 70 M a shows that graptolite reflectances of 5% 

to 6.5 % Romax indicate a temperature of about 3 2 0 ° C whereas a vitrinite 

reflectance of 5% corresponds to a temperature of about 1 9 0 ° C . Taken at face 

value, this suggests that graptolite, vitrinite and conodont organic matter do not 

react to increasing temperature in the same manner. 

8. Graptolite organic matter may respond to increasing depth of burial (and 
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therefore increasing temperature) in the same manner as bitumen i.e., graptolite 

reflectance increases more rapidly than vitrinite reflectance at high levels of 

thermal maturity. In the present study, vitrinite reflectance (4.0% Romax) is less 

than graptolite reflectance (5.0% to 6.5% Romax) in strata which have 

approximately the same level of thermal maturity, calibrated by - C A I of 5. 

Furthermore, the maturation gradient calculated from graptolite reflectance data 

(0.39 log Romax/km) is almost 3 times the maturation gradient calculated from 

vitrinite reflectance data (0.14 log Romax/km). The higher maturation gradient 

calculated from graptolite reflectance data m a y represent a higher paleogeothermal 

gradient during burial of older (Ordovician to Ear ly Devonian) graptolite-bearing 

strata than younger (Middle Devonian) vitrinite-bearing strata. Consideration of the 

age of the thermal event caused by the formation of the Richardson aulacogen 

and the difference in time (24 Ma) bewteen deposition of Road River and Canol 

strata indicates the paleogeothermal gradient was not significantly greater during 

burial of Road River than Canol strata. Alternatively, graptolite reflectance may 

increase more rapidly than vitrinite reflectance at higher levels of maturity; 

hence, a maturation gradient from graptolite reflectance data would be higher 

than a gradient calculated from vitrinite reflectance data. 

9. Future studies involving graptolite reflectance should address: a) the 

relationship between host-rock lithology and graptolite reflectance; b) the lateral 

and vertical variation of graptolite reflectance, especially through a thick section 

containing graptolites at various stratigraphic levels; c) the chemical and 

structural nature of the chitinous or collagen-like material comprising the 

graptolite periderm and differentiate between granular and and non-granular 
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fragments; and d) the relationship between temperature, duration of burial and 

graptolite reflectance. 
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SUMMARY AND CONCLUSIONS 

1. The D O M of Upper Cambrian to Upper Cretaceous strata in the northern 

Y u k o n and northwestern District of Mackenzie generally reflects the stratigraphy 

and maturation is considered to be pre-orogenic (pre-Laramide). The variation in 

D O M reflects a wide range of maturation gradients in Eagle Plain (0.10 to 0.29 

log Rorand/km) and the effects of timing and magnitude of the maximum depths 

of burial. 

2. Graptolite reflectance values from 4.0% to 6.5% Romax and C A I values of 

3.5 to 5 occur in Upper Cambrian to Lower Devonian strata. The degree of 

organic maturity (DOM) at the base of Middle Devonian (Givetian) strata varies 

laterally from 0.79% to 3.75% Rorand whereas the 'regional variation in D O M at 

the base of Upper Devonian strata ranges from 0.80% to 2.13% Rorand. 

Reflectance values vary laterally from 0.50% to 1.69% Rorand at the base of 

Carboniferous strata and ranges from 0.24% to 1.39% Rorand at the base of 

Lower Cretaceous strata. In Eagle Plain, the D O M of Upper Cretaceous strata 

ranges regionally from 0.38% to 0.53% Rorand. Maturity in coeval strata is 

generally lower in southern Mackenzie Delta, Peel Plateau and Eagle Plain than 

in the Richardson and Ogilvie Mountains. 

3. A correlation of graptolite and vitrinite reflectance, calibrated by conodonts, 

shows that a graptolite reflectance range of 5% to 6.5% Romax (CAI = 5) 

corresponds to a vitrinite reflectance of 4.0% Romax. Graptolite organic remains 

appear to behave similar to bitumen with increasing depth of burial; at higher 
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levels of thermal maturity, graptolite reflectance increases more rapidly than 

vitrinite reflectance. 

4. Time-averaged numerical modelling of the measured maturation gradients (0.10 

to 0.32 log Rorand/km) suggest paleogeothermal gradients on the order of 20 to 

4 5 ° C / k m in southern Mackenzie Delta and Peel Plateau and paleogeothermal 

gradients which increase from 10 to 2 0 ° C / k m in central Eagle Plain to 20 to 

4 5 ° C / k m towards the Richardson and Ogilvie Mountains. The higher maturity 

levels in mountainous areas reflect higher maturation gradients and, in the 

Richardson Mountains, deeper burial due to rapid subsidence caused by the 

foundering of grabens within the Richardson Fault A r r a y . Anomalously high 

maturation values (0.92% to 1.60% Rorand) measured in Lower Cretaceous strata 

on the Campbell Uplift are interpreted to reflect high paleoheat flow associated 

with basement uplift. 

5. The thickness of eroded section in the study area varies from 0.7 to 4.7 km 

based on interpretation of measured maturation gradients. Such values are 

consistent with rates of subsidence and uplift estimated from the ages and 

thicknesses of .preserved section in the study area. In Peel Plateau, approximately 

1.7 k m of post-Upper Devonian section has been eroded. In eastern Eagle Plain, 

2.6 to 2.8 k m of post-Carboniferous overburden has been removed whereas in 

western Eagle Plain, up to 4.7 km of coeval strata has been eroded. In 

northwestern Eagle Plain, about 3.5 k m of post mid-Cretaceous section has been 

eroded which is almost three times the amount of post mid-Cretaceous overburden 

which has been removed in southern Mackenzie Delta (1.1 km). Estimates of the 
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eroded Upper Cretaceous section vary significantly from central to northern Eagle 

Plain (0.7 to 3.4 km) and thus help define Late Cretaceous depositional patterns. 

6. Average T O C contents are generally low to moderate (0.1 to 2.0%) but 

organic-rich intervals occur throughout the studied succession. T O C values of up 

to 14.5% are present in the Upper Cretaceous Eagle Plain Group, values up to 

9.5% occur in the Middle Devonian "* Canol Formation and Upper Cambrian to 

Lower Devonian Road River Group and values. up to 5.0% are present in the 

Lower Cretaceous map unit K w r and Mount Goodenough Formation, the Lower 

Cretaceous and Jurassic Husky Formation, the Jurassic Porcupine River Formation 

and the Upper Carboniferous Blackie and H a r t River Formations and the Ford 

Lake Shale. 

7. The organic matter (OM) is dominantly type III except for minor amounts of 

type I and II in Lower Paleozoic strata and a mixture of type II and III in 

parts of Middle Devonian, Carboniferous, Jurassic and Lower Cretaceous strata. 

8. The significant variation in the quality of organic matter ( Q O M ; 0.01 to 6.1 

mg H C / g Corg) is a result of spread in the level of orgnanic maturity, the type 

of O M and, in some cases, migration. Average Q O M values are generally low to 

moderate (0.01 to 1.5 m g H C / g Corg) and, along with low to moderate Hydrogen 

Index values (<300 mg H C / g Corg), suggest poor to moderate petroleum source 

potential. Relatively few examples of potential oil prone source rocks occur, but 

these include parts of the Road River Group, the Hare Indian, Canol, H a r t 

River, Blackie, Mount Goodenough and Arctic Red River Formations, the Ford 
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Lake Shale, unnamed Carboniferous unit and map unit K w r . Gas prone source 

rocks comprise parts of the Blackie, Porcupine River, H u s k y , Mount Goodenough 

and Arctic Red River Formations and the B u g Creek and Eagle Plain Groups 

and map unit K w r . 

9. T m a x values from Rock-Eval pyrolysis and other maturation indexes indicate 

that Upper Cretaceous strata are generally immature, Lower Cretaceous to 

Permian strata are immature to mature, Carboniferous strata are immature to 

overmature, and Devonian and older rocks are mature to overmature (with 

respect to petroleum generation). The timing of hydrocarbon generation from 

source rocks in the study area varied substantially both laterally and 

stratigraphically as a result of variations in the timing and magnitude of the 

m a x i m u m depths of burial. 

10. The variation in source rock quality reflects the depositional environment of 

some of the strata. 

a. The distribution of T O C in the Road River Group closely parallels the 

sedimentology of the strata; graptolite-bearing and siliceous shales of the 

Loucheux and Vitreekwa Formations of deep water origin (Richardson and 

Blackstone Troughs) have the highest T O C content. 

b. Organic-rich shales containing a mixture of type II and III O M in the Canol 

Formation coincide with sediments deposited in upwelling zones during 
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widespread transgression across the continental shelf during the Devonian. 

c. Variations in T O C content of the Imperial Formation m a y be related to 

differences in sedimentation rates between turbidite and deltaic deposition. 

d. Organic-rich shales of the Ford Lake Shale which contain a mixture of type 

II and III O M , are considered to reflect continental shelf sedimentation 

during a transgression in the E a r l y Carboniferous. 

e. Jurassic to Lower Cretaceous strata comprising the B ug Creek Group, H u s k y 

Formation and Parsons Group are characterized by marine shelf 

sediments in which T O C closely mimics variable sediment supply and 

transgressive and regressive episodes. Terrestrial O M (type III) is 

abundant in samples with low T O C of the M u r r a y Ridge, Aklavik , 

Mart in Creek, H u s k y and McGuire Formations which are regressive 

sequences. High T O C values occur in transgressive desposits of the 

Richardson Mountain and H u s k y Formations. Deltaic sediments of the 

Porcupine River Formation, in part equivalent to the H u s k y Formation, 

contain mostly type III O M . 

f. The Mount Goodenough and Arctic Red River Formations and the map unit 
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K w r are low-energy shelf deposits with a wide range of T O C values. 

T y p e III O M is dominant in Lower Cretaceous strata; a mixture of type 

II and III O M in some samples is more typical of marine shale facies 

comprising parts of the succession. 

g. Variations in average T O C (1.4 to 4.9%) in the Eagle Plain Group m a y be 

related to local bathymetric highs and lows on the shelf or, alternatively, 

to significant input of terrestrial O M in a nearshore to inner shelf 

depositional environment. 


