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Introduc�on

The	Blue�ish	Member	of	 the	Hare	 Indian	
Formation	and,	the	Canol	Formation,	both	
of	 the	 Middle	 to	 Upper	 Devonian	 Horn	
River	 Group	 (Figure	 1),	 are	 organic-rich	
shales	 present	 over	 large	 areas	 of	 the	
Northwest	 Territories	 (NWT).	 In	 the	
Mackenzie	 Plain	 (Figure	 2),	 these	 shales	
are	 good	 to	 excellent	 source	 rocks	 for	
hydrocarbons,	 and	 are	 thermally	mature	
over	 large	 areas.	Not	 only	 has	 the	 Canol	
Formation	sourced	the	oil	pool	at	Norman	
Wells,	but	the	shales	may	be	self-sourcing	
unconventional	 reservoirs	with	 excellent	
economic	potential.	Both	stratal	units	are	
present	across	 the	Mackenzie	Plain,	Peel	
Plain	 and	 Peel	 Plateau	 areas	 of	 the	
Northwest	 Territories.	 Their	 thermal	
maturity	and	hydrocarbon	potential	have,	
however,	not	been	adequately	 studied	 in	
the 	 la t ter 	 two	 reg ions . 	 To 	 bet ter	
understand	 the	 thermal	 maturity	 and	
hydrocarbon	potential	of	the	Blue�ish	and	
Canol	 shales	 in	 the	 Peel	 Plateau,	 a	
subsurface	 Rock–Eval/TOC	 sampling	
program	was	 initiated	 by	 the	Northwest	
Territories	 Geological	 Survey	 (NTGS)	 in	
2015.	 In	 the	 summer	 of	 2016,	 two	
outcrops	 were	 strategically	 selected	 for	
�ield	 examination	 and	 sampling	 based	 on	 their	 location	 and	

accessibility	 to	 �ill	 areal	
gaps	 in	 the	 subsurface	
B l u e � i s h 	 a nd 	 C ano l	
source	rock	and	thermal	
maturity	 dataset	 for	 the	
P e e l 	 P l a t e a u . 	 T h e	
outcrops	 are	 termed	
Arctic	Red	River	East	and	
Flyaway	Creek,	based	on	
the	nearest	geographical	
feature	 (Figure	 2);	 this	
poster	 focuses	 on	 the	
results	 from	 the	 Arctic	
Red	River	East	outcrop.	

Figure	 1:	 Regional	 Middle	 and	 Late	 Devonian	
Stratigraphy	 of	 the	 Mackenzie	 Plain	 and	 Peel	
areas	 of	 the	 Northwest	 Territories	 (modi�ied	
from	 Maclean	 and	 Cook,	 1999).	 This	 study	
focuses	 on	 the	 Horn	 River	 group	 in	 the	 Peel	
Plateau.	The	Horn	River	Group,	comprising	the	
Hare	 Indian,	 Ramparts,	 and	 Canol	 formations,	
o ve r l i e s 	 t h e 	 Hume 	 Fo rma t i o n 	 i n 	 a l l	
physiographic	 regions, 	 but 	 its 	 internal	
stratigraphy	 varies.	 The	 Ramparts	 Formation	
rapidly	 thins	 toward	 the	West	 in	 the	 northern	
Mackenzie	 Plain	 and	 southern	 Peel	 Plain,	 and	
was	not	observed	in	either	outcrop	in	this	study.	
The	 upper	 member	 of 	 the	 Hare	 Indian	
Formation,	 informally	 termed	 the	 Bell	 Creek	
member,	has	variable	thickness.	In	the	study	area	
it	 thins	 and	eventually	pinches	out	 toward	 the	
West;	 at	 the	Arctic	Red	River	East	 section	 it	 is	
approximately	 15	 m	 thick,	 but	 is	 absent	 at	
Flyaway	 Creek,	 where	 the	 Blue�ish	 Member	 is	
directly	overlain	by	the	Canol	Formation.
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Figure	2:	Location	map	of	the	2016	�ield	camp	study	locations.	Base	camp	was	located	
at	Arctic	Red	River	Out�itters'	lodge	indicated	by	the	white	tack.	Two	outcrops	were	
examined:	Arctic	Red	River	East	and	Flyaway	Creek,	both	indicated	by	green	tacks.	
This	poster	focuses	on	the	results	from	the	Arctic	Red	River	East	outcrop.	

Methods and Outcrop 
Descrip�on

In	 total,	 70	m	of	 section	was	measured	 and	 logged	 at	 the	
Arctic	 Red	River	 East	 locality	 (Figure	 3).	 The	 section	was	
pho tog raphed 	 and 	 de s c r i b ed 	 w i t h 	 a 	 f o cu s 	 on	
lithostratigraphic	divisions.	Shales	were	described	based	on	
their	friability,	hardness,	weathered	and	fresh	colours,	odour,	
and	 any	 other	 macroscopic	 features	 observed.	 Carbonate	
pack-	and	grainstones	were	additionally	described	with	the	
aid	of	a	grain	size	comparator.	Samples	for	geochemical	and	

mineralogical	 analysis	 along	with	 spectrometer	data	were	
collected	at	one	metre	intervals.	Select	laboratory	analyses	
for	the	Arctic	Red	River	East	outcrop	completed	to	date	and	
their	 results	 presented	 here	 include:	 thin-section	 analysis	
and	photomicrographs	to	complement	facies	descriptions	by	
determining	grain	size	and	fossil	content;	major,	minor,	and	
trace	 element	 analysis	 to	determine	 elemental	 abundance	
and	 ratios	 and	 used	 as	 proxies	 for	 paleoenvironmental	
interpretation;	 source-rock	 analysis	 to	 determine	 total	
organic	carbon	(TOC)	content	and	rock	maturity;	and	X-ray	
diffraction	analysis	to	determine	mineralogy.	

Figure	3:	Overview	image	of	the	Arctic	Red	River	East	outcrop	taken	during	a	helicopter	�ly-by.	The	outcrop	is	~	75	m	high;	the	
scale	bar	is	approximate	due	to	the	perspective	distortion	of	the	photograph.	Stratigraphic	up	is	toward	the	top	of	the	outcrop.	
Contacts	are	indicated	by	solid	red	lines,	dashed	where	inferred.	The	black	line	indicates	the	measured	and	sampled	section,	
dashed	black	line	indicates	measurement	and	sampling	shifts	along-strike.	Strata	are	near-horizontal	with	a	gentle	dip	to	the	
northeast.	Arctic	Red	River	East	 is	 located	at	N65°21.045,	W130°45.339,	or	approximately	20	km	east	of	Arctic	Red	River	
Out�itters	base	camp,	and	is	in	the	Upper	Ramparts	River	map	area	(NTS	106G;	Aitken	et	al.,	1982).	The	outcrop	is	located	on	the	
eastern	bank	of	a	deep	river	cut	of	a	tributary	of	the	Arctic	Red	River.	The	outcrop	can	be	approached	by	helicopter	with	suitable	
landing	on	a	boulder-rich	point	bar	of	the	river.	At	this	locality	an	exposure	of	the	Hume	Formation	is	overlain	by	the	Hare	Indian	
and	Canol	formations.	The	top	of	the	Canol	Formation	is	covered	at	the	measured	outcrop,	but	the	contact	with	the	overlying	
Imperial	Formation	was	observed	in	the	next	outcrop	exposure	toward	the	North	(upward	in	the	photograph).
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Facies Descrip�ons

Six	distinct	lithofacies	are	recognized	at	the	Arctic	Red	River	East	outcrop	(Figures	4-10).	
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Figure	4:	Field	photographs	of	Facies	1,	nodular	limestone.	A)	
Overview	of	the	Hume	Formation	at	the	Arctic	Red	River	East	
outcrop.	B)	Closer	view	of	 the	nodular	 limestone	facies.	C)	
Possible	 crinoid	 arms	 and	 disarticulated	 ossicles,	 and	
laminar	stromatoporoid	 fragments	 in	a	bed	of	Facies	1.	D)	
Large	 tabulate	 coral	 fragments	 in	 a	 bed	 of	 Facies	 1.	
Stratigraphic	 up	 is	 toward	 the	 top	 in	 all	 photographs.	
Photomicrographs	of	facies	1	are	shown	in	Figure	6A	and	6B.

Figure	7:	Field	photographs	of	Facies	3,	
f r iab le 	 b lack 	 sha le 	 conta in ing	
abundant	 tentaculitids.	 A)	 black,	
friable,	 papery	 mudstone	 typical	 of	
Facies	 3	 is	 intercalated	 with	 thin	
packstone	 beds	 (at	 bottom	 of	 scale	
card).	 Stratigraphic	 up	 is	 toward	 the	
t o p . 	 B ) 	 Ten t a c u l i t i d s 	 a nd /o r	
styliolinids	 are the	 characteristic	
feature	 of	 Facies	 3,	 and	 where	 well	
preserved,	 are	 readily	 apparent	 on	
bedding	 planes.	 Stratigraphic	 up	 is	
toward	the	top.

Figure	5:	Field	photographs	of	Facies	
2,	bedded	 limestone.	A)	an	~	10	cm	
thick	 matrix-supported	 limestone	
b e d 	 c o n t a i n i n g 	 l a r g e 	 i n t a c t	
brachiopods	 (�loatstone;	 basal	
contact	 at	 scale	 card).	 Stratigraphic	
up	 is	 toward	 the	 top.	 Thin	 section	
photomicrographs	 of	 this	 bed	 are	
shown	in	Figure	6C	and	6D.	B)	well-
bedded	grain-	and	packstone	beds	(at	
the	level	of	the	scale	card)	containing	
abundant	 tentaculit ids	 and/or	
styliolinids.	 Stratigraphic	 up	 is	
toward	the	top.	Photomicrographs	of	
one	of	these	beds	is	shown	in	Figure	
6E	and	6F.

Figure	 6:	 Thin	 section	 photomicrograph	 of	
Facies	 1	 and	 2;	 photographs	 at	 different	
magni�ications	 of	 the	 same	 thin	 section	 are	
paired	 next	 to	 each	 other. 	 A)	 and	 B)	
photomicrograph	of	Facies	1	shows	a	matrix-
supported	 fossiliferous	 limestone	containing	
limestone,	 brachiopod,	 gastropod,	 crinoid,	
and	 stromatoporoid	 fragments.	 C)	 and	 D)	
photomicrograph	 of 	 Facies	 2	 “matrix	
supported	 end-member”	 �loatstone	 show	
matrix	 supported	 fossiliferous	 limestone	
containing	 large	 intact	 brachiopod	 body	
f o s s i l s 	 a n d 	 f r a gm e n t s . 	 E ) 	 a n d 	 F )	
photomicrograph	of	Facies	2	“grain	supported	
end-member”	 packstone/grainstone	 shows	
�ine-grained,	grain-supported	limestone	with	
abundant	tentaculitid	and/or	styliolinid	body	
fossils.

Figure	8:	Field	photograph	of	Facies	4,	heavily	weathered	
shale.	Chip	samples	were	commonly	dif�icult	to	obtain	due	
to	 the	 extensive	 and	 deep	 weathering	 of	 this	 facies.	
Hammer	is	~	30	cm	long;	stratigraphic	up	is	toward	the	top.

Figure	9:	Field	photograph	of	facies	5,	black	shale	with	a	
well-bedded,	 blocky	 (book-like)	 appearance	 (above	 the	
yellow	 arrow).	 Typically	 facies	 5	 is	 relatively	 hard	 and	
breaks	into	sharp	chips.	It	most	commonly	has	a	greenish-
blue	patina	and	yellow	surface	staining,	but	is	locally	dull	
grey-brown	to	black.	Stratigraphic	up	is	toward	the	top.

Figure	 10:	 Field	 photograph	 of	 facies	 6,	
lenticular	 limestone	 that	 is	 typically	
interbedded	with	�laky	black	shale	facies.	
In	 this	 photograph	 the	 carbonate	 lenses	
rapidly	thicken	and	thin	laterally	and	have	
a 	 w e a k 	 l am i n a t e d 	 a p p e a r a n c e .	
Stratigraphic	up	is	toward	the	top.	

Limestone

Shale

Calcareous shale

Sandy shale

Nodular 
limestone

Fossiliferous 
limestone

Fossils 
(undifferentiated)

Fossiliferous 
calcidebrite

Ripple cross-
stratification

Black shale

Black organic rich 
mudstone

Concretions

Tentaculitid / 
Styliolinid

Covered / not 
described

Planar 
Lamination

Legend

0

5

10

15

20

25

30

35

40

45

50

55

60

65

70

C S f m c vc G

Ss

}

75

Hume 
Formation

Bluefish 
Member

Bell 
Creek 

member

Canol 
Formation

H
a
re

 I
n
d
ia

n
 F

o
rm

a
tio

n

TOC (wt. %)

0

10

20

30

40

50

60

70

0.00 5.00 10.00

GR (API)

0

10

20

30

40

50

60

70

0 100 200 300

U (ppm)

0

10

20

30

40

50

60

70

0 5 1015 20

SiO  (wt.%)2

0

10

20

30

40

50

60

70

0.0 100.0

SiO  (wt.%)/ 2

Zr (ppm)

0

10

20

30

40

50

60

70

0 1 2 3 4

TIP*	(wt.	%)

0

10

20

30

40

50

60

70

0 10 20 30

Th (ppm)/ 
U (ppm)

0

10

20

30

40

50

60

70

0.00 2.00 4.00

CaO (wt. %)

0

10

20

30

40

50

60

70

0 20 40

EFV**

0

10

20

30

40

50

60

70

0 10 20

Ni (ppm)/ 
Co (ppm)

0

10

20

30

40

50

60

70

0 20 40

Stra�graphy 
and 

Analy�cal 
Results

Scree	sampled,	
but	not	described

(m
)

(m
)

(m
)

(m
)

(m
)

(m
)

(m
)

(m
)

(m
)

(m
)

(m
)

*	TIP	(wt.	%)	=	Al +Fe O +KO +TiO2 2 3 2 2

**	EFV	=	(V(PPM)/Al O (wt.	%))/(V(PPM)��/Al O (wt.	%)��),	where	AS	=	average	shale	composition	(Wedepohl,	1971;	1991)2 3 2 3

Results & Summary

The	 lithostratigraphy	 of	 the	 outcrop	 consists	 of	 the	 carbonate-dominated	 Hume	
Formation,	 overlain	 by	 the	 tentaculitid-rich,	 friable	 black	 shales	 of	 the	 Blue�ish	
Member,	 the	 Bell	 Creek	 member	 consisting	 of	 weathered	 shale,	 and	 the	 Canol	
Formation	of	blocky	black	shale.	
Organic	richness,	indicated	by	Gamma-Ray	counts	(GR),	TOC,	and	U	concentration,	
shows	that	both	the	Blue�ish	Member	and	Canol	Formation	are	enriched	in	organic	
materials,	whereas	 the	Hume	Formation	and	Bell	Creek	member	have	 low	organic	
content.	
Silica	enrichment,	shown	by	the	SiO 	content	and	SiO /Zr,	indicates	rock	brittlenes.	2 2

The	carbonates	of	 the	Hume	Formation	have	negligible	silica	content.	The	Blue�ish	
Member	has	moderate,	but	variable	silica	content,	whereas	the	Bell	Creek	member	has	
a	 generally	 low	 silica	 content.	 The	 Canol	 Formation	 has	 the	 overall	 highest	 silica	
content,	but	is	locally	variable.	The	SiO 	trend	suggests	that	the	Canol	Formation	has	an	2

increased	biogenic	silica	input	compared	to	the	terrestrially	dominated	silica	input	for	
the	Hare	Indian	Formation.
The	relative	input	of	terrigenous	material	at	the	time	of	deposition	is	determied	by	
the	terrigenous	input	pro�ile	(TIP)*	and	Th/U.	Except	for	the	Blue�ish	Member,	where	
Th	 levels	were	below	 the	detection	 limit	 in	 three	 samples,	 the	pro�iles	 show	good	
correlation	between	TIP	and	Th/U	throughout	the	sampled	stratigraphy.	The	Hume	
Formation	has	negligible	terrigenous	input.	The	Blue�ish	Member	and	lower	Bell	Creek	
member	show	an	oscillating,	but	 	increasing	terrigenous	input	trend,	followed	by	a	
rapid	 decrease.	 The	 upper	 Bell	 Creek	 member	 and	 the	 Canol	 Formation	 show	 a	
relatively	�lat	and	low	pro�ile,	indicating	sustained	reduced	terrigenous	input.	
Presence	of	carbonate,	 indicated	by	CaO	content,	shows	high	values	 for	 the	Hume	
Formation,	an	oscillating	but	decreasing	trend	upward	in	the	Hare	Indian	Formation,	
and	a	generally	low	pro�ile	in	the	Canol	Formation.
Proxies	 for	 paleoredox	 conditions	 include	 the	 enrichment	 factor	 of	 vanadium	
(EFV)**	and	Ni/Co.	An	EFV	>	1	indicates	enrichment	of	V	under	anoxic	conditions;	a	
Ni/Co	<	5	 indicates	oxic,	 5-7	dysoxic	 and	>	7	 suboxic-anoxic	 conditions.	Note	 that	
values	are	highly	susceptible	to	weathering	effects,	and	the	results	are	likely	indicative	
of	overall	trends	only,	but	may	not	represent	actual	depositional	conditions.	The	values	
suggest	that	anoxic	conditions	did	not	prevail	during	the	deposition	of	the	Bell	Creek	
member	and	most	of	the	Canol	Formation.	However,	for	most	of	the	Blue�ish	Member,	
the	lower	10	m	and	increasingly	in	the	upper	10	m	of	the	Canol	Formation	both	EFV	and	
Ni/Co	values	are	high,	suggesting	at	least	partially	anoxic	or	hypoxic	conditions.
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