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I ntroduction

The Jackass Mountain Group (JMG) is a thick accumula-
tion (2—4 km) of clastic strata, which was deposited in the
Methow Basinin late Early Cretaceous time. The Methow
Basinispart of acomplex Jurassic—Cretaceous depocentre
that overlies a number of allochthonous terranes of the
southern Canadian Cordillera (Figure 1a, b). The basin has
been structurally imbricated and dismembered by Creta-
ceous contraction and Late Cretaceous to Tertiary
transpression along the eastern edge of the Insular Belt and
the western edge of the Intermontane Belt, and is currently
exposed in a series of fault blocks strung out along the
Yalakom, Fraser, Hozameen and Pasayten faults. Along the
southern margin of the Nechako Plateau, two major expo-
sures of the IMG of the M ethow Basin on opposite sides of
the Yalakom fault are spatially associated with the partly
coeval Taylor Creek Group of the Tyaughton Basin. These
strata extend northward under Neogene vol canic cover and
potentially represent an important hydrocarbon reservoir
within the Nechako Basin (Ferri and Riddell, 2006).

Accurate assessment of the petroleum potential of the
Nechako Basin requires a comprehensive analysis of the
basin architecture that devel oped within these Cretaceous
strata, which represent the most prospective targetsin the
subsurface beneath the Nechako Plateau. However, re-
gional facies patterns and basin architecture of the Creta-
ceous strata are poorly understood. The primary objective
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of this investigation is to undertake a comprehensive
regional analysis of temporal and spatial lithofacies varia-
tionsin Lower Cretaceous strata al ong the southern margin
of the Nechako Basin; thiswill assist in constraining basin
evolution and depositional history. This analysis will pro-
vide first-order constraints on the nature of Lower Creta-
ceous strata in the subsurface, which are considered the
most significant petroleum targets in the Nechako Basin
(Hannigan et al., 1994); such an analysisis also aprerequi-
site for an accurate assessment of reservoir quality.

Regional Geological Setting

Regional mapping and stratigraphic studies demonstrate
that Lower Cretaceous clastic strata of the Methow and
Tyaughton basins represent an overlap assemblage linking
several small allochthonous terranes (Methow, Bridge
River, Cadwallader) with the eastern edge of the Insular
Belt (Garver, 1992). The Hauterivian to Cenomanian—
Turonian (?) IMG isathick (2—4 km) succession of primar-
ily feldspathic sandstone, siltstone and lesser conglomerate
that unconformably overlies Middle to Upper Jurassic
strata. The IM G has been interpreted by Kleinspehn (1982,
1985) as a coarsening-upward or progradational subma-
rine-fan complex, although subsequent investigations sug-
gest the system is a more complex assemblage of subma-
rine-fan, deltaic and fluvial lithofacies (Schiarizza et al.,
1997; Schiarizza and Riddell, 1997; Mustard et al., 2008).
The Aptian to Cenomanian Taylor Creek Group is a thick
succession of compositionally heterogeneous feldspathic
to chert-lithic sandstone, chert-pebble conglomerate and
siltstone that unconformably overlies Middle Jurassic and
older strata of the Bridge River and Cadwallader terranes
(Garver, 1992). The Taylor Creek Group is interpreted as
having been deposited in a submarine-fan complex in a
two-sided basin during major Albian—Cenomanian
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Figure 1. Regional geological framework and location of major areas of study discussed in this paper: a) morphogeological belts of the Ca-
nadian Cordillera; the boxed area indicates the location of (b); b) terrane map showing the regional geological framework of the Methow
Terrane, including the Chilko Lake and the Yalakom blocks; c) smaller-scale terrane and geological map showing the location of the Chilko
Lake and Yalakom blocks (JMG) in relation to physiogeographic and geographic landmarks (modified with permission from Ferri and Rid-
dell, 2006, and Riddell, 2006).
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contractional tectonism (Garver, 1992). Both the IMG and
Taylor Creek Group are overlain by Albian—Santonian flu-
vial conglomeratic and volcaniclastic rocks of the
Silverquick and Powell Creek formations, which were de-
posited in a complex series of northeast-vergent piggy-
back basins(Schiarizzaet al., 1997; Riesterer et a ., 2001).

Cretaceous strata of the Methow and Tyaughton basins are
bordered on the southwest by intrusive rocks of the Coast
Plutonic Complex (CPC), on the north by Neogene volca-
nic rocks of the Nechako Plateau, and on the east by Trias-
sic to Cretaceous arc volcanic and associated strata of the
QuesnelliaTerrane. Tertiary dextral transpression ledtothe
development of several major northwest-trending high-an-
gle strike-slip faults along the eastern margin of the CPC
that effectively dismembered the Cretaceous outcrop belt
into several structural panels(Figurel). Dextral translation
along the Tchaikazan, Yalakom and Fraser faults and asso-
ciated structures is primarily Late Cretaceous—-Oligocene,
and islimited in its extension to several tensto more than
one hundred kilometres per fault.

Facies Description and Distribution

The IMG is contained within two major outcrop belts, one
on the northern side of the Yalakom fault, whichisreferred
to asthe Yalakom block, and one on the southwestern side
of the Yalakom fault, referred to as the Chilko Lake block
(Figure 1b, c). Thesetwo fault slices are offset by approxi-
mately 125 km of sinistral displacement on the Yalakom
fault (Umhoefer and Miller, 1996). The most complete,
structurally intact stratigraphic sections are exposed in a
major northeast-trending synclinorium within the Chilko
Lake block, where IMG strata unconformably overlie the
Middle Jurassic Nemaia Formation and Middle to Upper
Jurassic Relay Mountain Group (Figure 2). The upper Tay-
lor Creek Group is exposed in a south-dipping monocline
10 km southeast of the IMG syncline, across the Konni
Lake fault, where it unconformably overlies the Relay
Mountain Group. Inthe Yalakom block, IMG strataare ex-
posed in the central part of a~150 km long, southward-ta-
pering wedge of mainly medium- to coarse-grained sand-
stone, siltstone and polymictic conglomerate, which lies
between the Yalakom and Fraser fault systems. The belt is
cut by several high-anglefaults(Schiarizzaet al., 1997) and
ispart of abroad, asymmetric synclinorium with the base of
the IMG exposed in steeply dipping beds on the western
limb east of the Yalakom River, and the upper portion ex-
posed in moderately west-dipping beds on the eastern limb
(Mustard et ., 2008).

Jackass Mountain Group

Oneof the primary objectivesof thisinvestigationistodoc-
ument the lateral and vertical variation in stratigraphic ar-
chitecture and, from thisdata, reconstruct the history of ba-
sin evolution in the Cretaceous basin system. Stratigraphic
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analysis of the IMG along the southern margin of the
Nechako Plateau hasidentified distinct lithofacies associa-
tions that grade laterally and vertically into one ancther,
and providearecord of basin evolution from Hauterivianto
at least Cenomanian time.

A. Proximal Delta Front

The stratigraphically lowest unit inthe Chilko Lake areais
a ~400 m thick succession of sandstone, sandstone with
pebbly stringers and lesser lenticular conglomerate. The
unitisthickest ontheeasternsideof the northernlimb of the
synclinorium, and thinsto the south and to thewest, charac-
terizing the area as presenting signs of awedge-shaped ge-
ometry (Figure 3, left two columns). The sandstone dis-
plays abundant planar-parallel stratawith lesser low-angle
planar to planar cross-stratification. Rare bivalve fossils
and sparse bioturbation are present. L enticul ar, matrix-sup-
ported to rare clast-supported pebble conglomerate en-
cased in sandstone sequencesareinterpreted as channel de-
posits. This unit coarsens then fines upward and the
uppermost 100 m of the section contains siltstoneintervals
which display current- to wave-generated laminations,
features which all suggest that an upward decrease in
energy occurred.

The wedge-shaped geometry, presence of shallow-marine
fossils, current-generated cross-stratified sands and |l entic-
ular conglomerate channels suggest deposition in awave-
dominated shoreface, perhaps a proximal delta front.

B. Distal Delta Front/Prodelta

In the Chilko L ake area, this 400650 m thick, southward-
thickening unit is composed of a dark brown to black
mudstone to silty mudstone intercalated with varying
amounts of thinly bedded siltstone and very thin- to thick-
bedded fine- to medium-grained sandstone (Figure 3, 400—
900 minleft section and 0—700 min central section). Thisis
the most fossiliferous facies association, containing articu-
lated bivalves, gastropods and ammonites, suggesting ac-
cumulation in a low-energy marine environment. Fossil-
ized wood fragments are abundant. Bioturbation isintense
locally, but not diverse, and is often limited to diminutive
Chondrites. The most dominant sedimentary structuresare
planar-parallel and microhummocky laminations, but cur-
rent-generated and combined-flow ripples and lenticular
bedding are also present. The relative abundance of
siltstone suggests a fining- (~200 m) then coarsening-
upward (~300 m) succession.

The laterally continuous geometry, presence of both cur-
rent and oscillatory bedforms, abundance of intact marine
fauna, and intense nondiverse bioturbation suggest deposi-
tion in arelatively quiet water environment in which mud
and silt accumulation was periodically disturbed by inter-
mittent currents, all of which suggest alower shoreface or
distal delta front environment.
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C. Wave-Dominated Delta Front/Delta-Edge
Turbidites

Approximately 50% of the sectionsin the Chilko Lake area
are characterized by thick successions (7001650 m on the
middle section and 900-1700 m on the left section of Fig-
ure 3) of moderately well-sorted feldspathic arenite inter-
calated withlesser dark siltstoneto mudstoneintervals. The
sandstone is well-stratified and represents both massive
and nondescript, apparently structurelessintervals, aswell
as successions containing abundant sedimentary struc-
tures; theseinclude wavy lamination, swaley cross-stratifi-
cation (SCS), loaded and erosional bases, and variably
sized (<1-3 m long) rip-up clast horizons. Interbedded
finer-grained intervals (on average 10 cm to amaximum of
15 m, 50 m in the south) display planar-parallel bedding,
ripple cross-stratification, moderate bioturbation, water-
escape structures, convolute bedding and soft-sediment
deformation structures.

Thereisadistinct north to south transition in sedimentary
structures within this lithofacies in the Chilko Lake area.
Sedimentary structuresin the northern limb vary from pla-
nar-parallel laminationsto large-scale (<1.5 m) hummocky
cross-stratification, progressively overlain by swaley
cross-stratification followed by planar-parallel strata. Cor-
relative strataon the southern limb arecyclic, grading from
athick (<1.5m), massive, occasionally normally-graded to
planar-parallel stratified sandstone; these strata are over-
lain by ~1 to 3 cm of planar-parallelH{aminated sandy
siltstone that grades into 1 to 3 cm of planar-laminated
siltstone, which isin turn topped by mudstone of variable
thickness. Thissiltstone often shows oscillatory to current-
generated structures.

The presence of hummocky and swaley cross-stratifica-
tion, basal erosive surfaces and abundant rip-up clast hori-
zons suggests high rates of sedimentation prevailed in an
environment characterized by periods of rapid, high-vol-
ume sediment influx and intermittent periods of wave re-
working. Deposition was probably occurring in wave-
dominated delta front to lower shoreface environments,
with atransition to the south into acoarse-grained turbidite
package, which accumulated at a depth above the storm
wave base.

D. Mass Sediment Gravity Flows/Submarine Fan (?)

The Yalakom Mountain area contains a thick sequence
(~1500 m) of northwest-trending, steeply dipping IMG
strata dominated by massive, green, medium- to coarse-
grained lithofel dspathi c sandstone, minor pebble conglom-
erate and interbedded planar siltstone. The succession ap-
pearsto gradationally overlie poorly exposed shallow ma-
rine JM G rocks, which themselveslie disconformably over
Middle Jurassic strata adjacent to the Yalakom fault. The
main JM G succession consists of thick setsof massive, me-
dium- to thick-bedded, coarsening-upward sandstone in-
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tercalated with thin- to medium-bedded sandstone and
thin-bedded siltstone and mudstone. Bed sets tend to
thicken upward, with thin-bedded siltstone and mudstone
coarsening- and thickening-upward into coarse-grained,
thick-bedded (~50 cm), massive sandstone. These cyclic
sequences are generally greater than 10 m thick, and can
reach upto 100 m. Bedsaretabular and laterally continuous
for hundredsof metres. Sedimentary structuresinclude par-
allel laminations, graded bedding, mudstone rip-up clasts,
flame structures, dish-and-pillar structures and rare soft-
sediment folds. Partial Bouma sequences (AB, ABC) are
locally evident. The succession becomes finer grained in
the upper 500 m, gradually incorporating ahigher percent-
age of sandstone-mudstone couplets with a decreasing
percentage of massive sandstone intervals.

Thetabular, laterally continuous nature of the stratigraphy,
the cyclic coarsening- and thickening-upward nature of the
bed sets and the presence of graded bedding, abundant rip-
up clast horizons, flame structures, and partial Bouma se-
guences suggest that the succession represents a sequence
of high-density sediment gravity flows. Theseturbidite de-
posits are classically interpreted as being deposited on fan
lobes in a submarine-fan environment (Kliensphen, 1982,
1985), but the presence of rare trough cross-stratification
and shallow-water bivalves suggests that the succession
may instead represent sediment gravity flows deposited on
adistal deltafront on the lower shoreface at adepth above
the storm wave base.

E. Distal Delta Front/L ower Shoreface

Both east and northeast of Yalakom Mountain, in the Dash
Creek—Churn Creek area, massive sandstone intervals are
gradationally overlain by, and laterally interfinger with, a
distinct succession of tabular, laterally continuous, thin- to
medium-bedded rhythmically interbedded sandstone and
siltstone couplets. These striped, dark grey and pale olive
green sandstone-siltstone couplets display parallel lamina
tions, crosslaminations, graded bedding, well-developed
partial Boumasequences (BC, BCD) and soft-sediment de-
formation, including asymmetricfoldsupto1.5minampli-
tude. These bedsformintervals 15-125 mthick encased by
massive, green, medium- to coarse-grained lithofeld-
spathic sandstone and lesser pebble conglomerate. Wood
fragments are locally abundant and rip-up clast horizons
arecommon at the base of sandy intervals. Thethin-bedded
sandstone-siltstone coupl ets appear to coarsen and thicken
upward into the massive sandstone intervals, which are
similar to the thick-bedded sandstone documented in the
Yalakom Mountain section asthey also display sharp, ero-
sive bases, graded bedding, parallel laminations and top
cut-out Bouma (AB) sequences. The sandstone-siltstone
couplet succession gradationally overliesthe lower part of
the mass sediment gravity-flow succession, but the thick-
ness of the coupl et interval sand theratio of couplet to mas-
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sive sandstone beds varies across the map area, which sug-
gests that an interfingering relationship may have existed
between the couplet intervals and the upper part of the
Yalakom Mountain succession of thick lithofeldspathic
sandstone beds.

In many localities, the upper portions of the couplets con-
tain oscillation ripples, combined flow ripples, unusual
cross-stratification patterns (possibly SCS) and erosive
scour surfaces. Lenticular bedding is evident within finer
grained intervals. The upper portion of the massive sand-
stone beds are locally trough cross-stratified or display
oscillation ripples.

The classic bottom cut-out Bouma sequences (BCD, CDE,
DE) that are noted in the sandstone-siltstone coupl etsindi-
cate that the couplets represent thin-bedded turbidite de-
posits, whereas rip-up clast horizons, graded bedding and
sharp erosive bases of the interbedded massive sandstone
bodies suggest that these strata were deposited by coarse-
grained mass sediment gravity flows. The presence of
trough cross-stratification, lenticular bedding and oscilla-
tion ripples indicates wave reworking, which suggests re-
working of the original turbidites due to wave activity;
thus, deposition occurred at depths at least partially above
the storm wave base. These strata are interpreted as having
accumulated as the result of abundant sediment supply and
rapid deposition on a distal delta front to lower shoreface
area, where mass sediment gravity flows deposited inrela-
tively shallow water were subj ected to intermittent rework-
ing by wave activity. Thisareaisfurther interpreted astran-
sitional in nature to the deeper (sub—storm-wave-base
depth) areas of the Yalakom Mountain submarine-fan

mudst = mudstone  O7ain Size Legend

siltst = silistone f = fine-grained sst
ssf = sandstone M = medium-grained sst
cong = conglomerafe c = coarse-grained sst

g = granule cong
p = pebble cong
¢ = cobble cong

complexes, as well as the source of the sediment to those
complexes.

F. Delta Plain/Fluvial

Northwest of Yalakom Mountain, strata on Nine Mile
Ridge and on the western flank of Red Mountain consist of
thick successions (10—100+ m) of olivegreento black thin-
bedded, parallel-laminated, organic-rich, sandy to silty
shale and siltstone intercalated with thin-bedded, parallel-
laminated to cross-stratified, fine- to coarse-grained lithic
arenite to lithic wacke. These fine-grained intervals are
dominantly recessive, concretionary in part, and contain or-
ganic-rich stringers, coal seamsand in situ tree moulds. On
Nine Mile Ridge, the fine-grained successions are sepa-
rated by repeated intervals of 1040 m thick medium- to
coarse-grained trough cross-stratified sandstone and rare
pebbly sandstone. To the north, the fine-grained succes-
sionsareinterbedded with a10-30 mthick interval of clast-
to matrix-supported, pebble to boulder, disorganized, vol-
canic plutonic conglomerate and associated coarse-grained
sandstone. The conglomerate successions are lenticular,
display channellized, erosivebasesand tend to fine upward
into lenticular beds of medium- to coarse-grained
sandstone, pebbly sandstone and conglomeratic stringers.

The presence of fining-upward trough cross-stratified
sandstone, lenticular conglomerate with erosive
channellized bases, abundant organic material, and the
dominance of recessive thin-bedded siltstone and shalein-
dicates that deposition occurred in a fluvial environment,
possibly on an emergent or near-emergent delta plain. The
sandstone and conglomerate intervals represent fluvial
channels, and the fine-grained intervals represent fluvial
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Figure 3. Stratigraphic sections of the JMG in the Chilko Lake area and of the upper Taylor Creek Group, north of Mt. Tatlow.
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overbank or possibly interdistributary deposits on the delta
plain.

Taylor Creek Group

The Taylor Creek Group strata along the southern margin
of theNechako Plateau have been analyzed to constrain po-
tential stratigraphic correlations between the Taylor Creek
Group and coeval IMG strata. Stratigraphic analysisin the
northern portion of the outcrop belt near Mt. Tatlow (Fig-
ure 2) documented the lithofacies shown on Figure 3 and
discussed below.

A. Submarine Fan

The stratigraphically lowest unit (0-200 m on Figure 3,
right column) in the Mt. Tatlow area consists of dark grey,
thin-bedded, parallel-laminated siltstone and sandy shale
intercalated with thinly-bedded, cross- to parallel-lami-
nated, chert-lithic micaceousarenite. These strataare over-
lain by athick sequence (~100 m) of organized, massively
bedded, pebbleto cobble, chert-rich conglomerate charac-
terized by distinct nests of overlapping lenticular, crudely
stratified channels. The conglomerate unit isinterpreted as
achannel fill in a submarine fan.

B. Prodelta

The middle portion of the section (200 to ~900 m on Fig-
ure 3, right column) consists of a thick package of dark
grey, bioturbated shale to siltstone interbedded with minor
calcareous lithic feldspathic arenite that locally displays
parallel laminations to crosslaminations and thin-bedded,
parallel-laminated, orange weathering micrite beds. Plant
material is abundant, locally, on bedding planes. Rare
ammonites and radiolarians indicate accumulation
occurred in a marine setting.

The lateral continuity, monotonous fine-grained nature of
the unit, rare cross-stratification and presence of marine
fauna suggest deposition in a quiet-water marine environ-
ment that was periodically disturbed by wave or current ac-
tivity, such as a distal prodelta setting.

C. Delta Plain

The upper portion of the Mt. Tatlow section (900+ m) con-
sists of a coarsening-upward succession of chert-pebble
conglomerate and chert-lithic micaceous feldspathic
arenite intercalated with siltstone and shale. Coarse-
grained intervalsarelens-shaped, channellized and display
trough cross-stratification, abundant rip-up clast horizons,
and erosive bases. Within the conglomeratic interval's, bed-
ding becomes distinctly thinner and grain size decreases
upsection, while the relative abundance of conglomeratic
intervals increases. The encasing intervals contain thinly-
bedded, parallel- to cross-stratified sandy siltstoneand silty
shalewith locally abundant plant debris, which, along with
bioturbation, increases in abundance upsection. Hum-
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mocky stratification is noted in the upper third of the
succession.

The presence of multiple fining- and thinning-upward
channellized sandstone and conglomerate packages en-
cased in organic-rich, fine-grained siltstone and shale sug-
geststhat depositiontook placeinachannellized deltaplain
system. The presence of hummocky cross-stratificationin-
dicates that deposition occurred in a subagueous environ-
ment characterized by intermittent stormwaveactivity. The
overall coarsening-upward sequence suggests that deposi-
tion took place in a prograding upper to lower delta plain
distributary system.

Facies Architecture

Regional stratigraphic analysissuggeststhat thelithofacies
assemblages within the IMG grade laterally and vertically
into one another. However, stratigraphic position, struc-
tural reconstructions, preliminary detrital zircon analysis
and limited fossil control suggest the overall stratigraphic
architecture presented in Table 1.

This generalized stratigraphic architecture is not strictly
validfor eachlocation within the outcrop belt, duetolateral
stratigraphic variations. For example, the massive sand-
stone succession interpreted as mass sediment gravity
flowsisfound primarily in the southeastern portion of the
outcrop belt, whereas the wave-dominated delta front de-
positsare primarily restricted to the Chilko Lake block. On
aregiona basis, however, it is clear that the stratigraphic
succession recorded in the IMG represents an overall
shallowing-upward basinal succession.

The stratigraphic relationship between the IMG and the
Taylor Creek Group isthe subject of ongoing investigation.
However, resultsof preliminary stratigraphic analysis, geo-
chemistry and detrital zircon analyses suggest the Taylor
Creek Group may interfinger with, and in part overlie, the
MG

Summary and Regional Implications

Regional stratigraphic analysis of Cretaceous strata along
the southern margin of the Nechako Plateau constrains the
stratigraphic architecture and basin evolution represented

Table 1. Generalized stratigraphic architecture of the
Jackass Mountain Group.

~~~~~~ Top of section (modern erosive surface) ~~~~~~
Delta front/Fluvial
Distal delta front/Lower shoreface
Wave-dominated delta front/Delta-edge turbidites
Mass sediment gravity flows/Submarine fan
Shallow marine/Proximal delta front
~~~~~~~~~~~~~~~~ Unconformity ~~~~~~~~~~~~~~~~

Jurassic strata
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by the IMG, which contains extensive and, locally, ex-
tremely thick facies interpreted to represent shallow-ma-
rine, primarily deltaic, and nonmarine depositional envi-
ronments. In the Yalakom block, sub—wave-base
submarine-fan facies form athick stratigraphic succession
northeast of the Yalakom fault. These rocks interfinger lat-
erally with, and arein part overlain by, athick succession of
shallow-marine deltaic and fluvial successions. Thick se-
guences of clastic strata in the Chilko Lake region, origi-
nally interpreted as submarine-fan facies (Kleinsphen,
1982, 1985), are documented herein as shallow-marine
deltaic and shoreface facies. Taylor Creek Group rocksin
the region also contain deltaic sequences that may
stratigraphically overlie, and interfinger with, the IMG
strata. Regionally, Cretaceous strata along the southern
margin of the Nechako Plateau represent a shallow-marine
to nonmarinetransition between Barremian to Cenomanian
time. Furthermore, the lithofacies assemblages are much
more varied than originally thought, which has significant
implications for hydrocarbon reservoir potential in the

region.
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