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ABSTRACT GEOLOGIC MAPPING: AN INTEGRATED APPROACH

The integration of recent fieldwork with available subsurface data has rendered a new
geologic map (1:63,360) of the hydrocarbon-bearing Umiat—Gubik region of the central
North Slope. The map spans ~2100 km? and lies at the northern extent of the Brooks Range
foothills fold-and-thrust belt in the Colville foreland basin.

Cenomanian—Maastrichtian strata of the Nanushuk, Seabee, Tuluvak, Schrader Bluff,
and Prince Creek Formations locally constitute an ~2-km-thick succession that crops out
sparsely in the dominantly low-relief, tundra-mantled region; however, exceptional cutbank
exposures occur locally. The stratigraphy comprises chiefly marine (Nanushuk, Tuluvak,
Schrader Bluff) and nonmarine (Prince Creek) topsets and slope clinoforms (Seabee). This
work benefits from and further elucidates recent sequence stratigraphic advances in
understanding how this part of the Colville basin was filled during Late Cretaceous time. As
an example, the geologic map of this study is the first of the Umiat—Gubik area to distinguish

HIGHLIGHTS AND KEY OBSERVATIONS

- The map area hosts dominantly topset strata that record continued filling of
the Colville foreland basin during the Late Cretaceous (see Regional Context)

INPUTS

- Geologic Mapping - Seismic Data (e.g., see A-A"and B-B’) - Stratigraphic Studies

- This new geologic map of the Umiat-Gubik area is based on the integration
of geologic and geophysical datasets, photogeologic mapping, and
previsously published data (see Geologic Mapping: An Integrated Approach)

- Photogeologic Mapping - Well Logs  Time and Depth Structure Maps

The geologic map and accompanying figures and text have not yet under-
gone peer or editorial review. Please contact trystan.herriott@alaska.gov
for further information regarding pending publication of this work.
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Previously Published Studies and Datasets
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. . . - The Umiat oil field lies farther west-northwest along the same trend,
The map reveals a series of west- to northwest-trending gentle folds with km-scale . : .
wavelengths. Anticlines are locally thrusted and interpreted to be folded above structurally but is in the hangingwall of a south dipping thrust(s) (cf. Mull et al, EXAMPLES OF INPUTS
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Umiat Test No. 7 Seabee 50-380 K. Bird (GMC Top Picks) Quaternary: 4-50' (Collins, 1958) Seabee near surface

The geologic map was prepared through assimilation of our field data, aerial and

satellite imagery, seismic data, and well logs. Near surface formation picks are available or . : : : . : —— ek et & i CoulCic 15p et
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Gubik Test No. 2 Schrader Bluff (Barrow Trail member) 160-555 Robinson, 1958 no core or cuttings from 12-160' (Robinson, Ksbl, near surface
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REGIONAL CONTEXT

A T Brookian Sequence Stratigraphic Correlation Section, Umiat
ﬁ o i— BEAUFORT Field to Milne Point Field, Central North Slope
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SYMBOL EXPLANATION

Topographic base from United States EXPLANATION AND DESCRIPTION OF MAP UNITS
Geological Survey Umiat B-3, B-4, B-5, and

in part B-2 quadrangles (1955 and 1971)

CROSS SECTION UNITS NOT SCALE 1:63,360
EXPOSED AT SURFACE S N S

CORRELATION OF
MAP UNITS

Elevation (km)

limestone

REFERENCES CITED

Universal Transverse Mercator projection,
zone 5

Qal

1 2 4 MILES
1 I 1 1

CONTOUR INTERVAL 50 FEET

SURFICIAL DEPOSITS

M Outcrop extent

FAULTS “ Bedding—strike and dip

PR

Map unit contact

ALLuviAL peposiTs (Quaternary)—Undifferentiated alluvium, including depos-

PrINCE CrReek FormaTioN (locally lower(?) Campanian to
Maastrichtian(?))—Light- to dark-brown- to gray-brown-
weathering, dominantly light-gray, thick- to very thick-bed-

stone and siltstone beds are locally bioturbated, and discrete
trace fossils include Macaronichnus, Asterosoma, and
Schaubcylindrichnus; a medium- to dark-gray, hackly weath-

-
/ -Kt Torok Formation

— Hue Shale and
LOCATION INDEX -
Maastrichtian / pebble shale unit hanging wall

_ 153° 150° OIL AND GAS

/ Kingak Shale o ss000) N . Normal fault—ball and bar on

Teshekpuk arrison eec. ey han in Wa”

/ ®s+ | Shublik Formation Bay Point ging
’Ps and Sadlerochit Group 3 5 4.3 2 1

tkpikpuk -{  Sagavanirktok FOLDS - OII ShOW

River
] ‘ Anticline—Ilarge arrow indicates & Gasshow

plunge direction Oil column

Syncline—Ilarge arrow indicates
plunge direction

h Ve Ve Ve Ve Vava Vg
basinward ——> west

its of active and abandoned fluvial channels, as well as floodplains and alluvial
terraces up to 8 m above modern streams. Chiefly comprises stratified deposits
of fine- to coarse-grained sand, silty to gravelly sand, and gravel. Adopted after
Qal (alluvium) of Carter and Galloway (1986).
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Expla nation P e . _ F e S\, View southeastward of rubble-crop and a laterally extensive traceable bed of the Schrader Bluff Formation within Detterman, R.L., Bickel, R.S., and Gryc, George, 1963, Geology of the Chandler River region, 2 z . xansgressve floodingleavinement surface CROSS SECTION: A=A’ P z P z

‘ ' ' ' an area otherwise covered by tundra, which is characteristic of the mapped area. Tying this and similar traceable Alaska: U.S. Geological Survey Professional Paper 303-E, p. 223-324. 7 (probable minor transgressive erosion) 7 ?

beds to locally excellent river bluff exposures (e.g., see Uluksrak and Shivugak Bluffs photographs below) is

integral to mapping the area’s geology beyond river corridors.

1927 North American Datum ded, moderately indurated, commonly cross-stratified (fore-
set amplitudes to greater than 1 m), quartzose pebbly sand-
stone, fine- to coarse-grained sandstone, and conglomeratic
lag deposits, with subordinate gray to dark-gray, chiefly thin-
to medium-bedded, carbonaceous to bentonitic very
fine-grained sandstone and mudstone, as well as medium- to
very-thick bedded, dull to bright-and-dull-banded lignitic to
subbituminous coal. The cross-stratified sandstone and
pebbly sandstone lithofacies have scoured, sharp basal con-
tacts and centimeter-scale, coalified woody debris is com-
monly observed; pebbles (commonly 1.5 cm long-axis
dimension) are subangular to subrounded and generally com-
prise vein quartz and cherty argillite; both the pebble and
sand fractions exhibit “salt- and-pepper” compositional
coloring. Very fine-grained sandstone and mudstone facies
are commonly rusty-orange- to tannish-yellow-weathering,
and root traces are also observed.

ering, well-indurated very fine-sandstone and siltstone litho-
facies distinctly occurs within this unit and is commonly
intensely bioturbated by Phycosiphon. Inoceramus prisms
are locally abundant, as are partially preserved Sphenocera-
mus specimens.
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The Brookian megasequence (Lerand, 1973; Molenaar, 1983; Hubbard et al., 1987)
records Early Cretaceous through Cenozoic northeasterly progradational infilling of the
Colville foreland basin (Bird and Molenaar, 1992) with clastic sediments sourced from
the Brooks Range orogenic belt along the basin’s southern margin (see summary by
Moore et al. (1994) and references therein). Portions of three major, chiefly progradation-
al and aggradational packages of sediment (megacycles sensu Moore et al., 1994) are
observed in the Umiat map area: 1) Nanushuk—Torok (e.g., Molenaar, 1985 and 1988;

eO|0/'0 . _ .
CROSS SECTION: B—B’ q"% Houseknecht and Schenk, 2001); 2) Tuluvak-Seabee (e.g., Mull et al., 2003; Decker,

SCHRADER BLUFF FORMATION, REGIONAL LOWER PART, LOCAL
LOWER MAPPABLE UNIT (informal subdivision)—Light- to
dark-gray to olive-brown, thin- to medium-bedded, typically
poorly indurated, tuffaceous to bentonitic, ripple cross-lami-
nated to structureless siltstone and mudstone, with subordi-
nate light-gray- to light-tan-weathering, locally thick-bedded,
tuffaceous, ripple cross-laminated, locally well-developed
hummocky and swaley cross-stratified, coarsening and thick-
ening upward packages of very fine- to fine-grained sand-
stone. Distinctive light-yellow- to white-weathering, very
well-indurated, siliceous tuff beds locally observed, as are
rare, buff-weathering, very well-indurated, limestone beds
with a probable siliciclastic constituent. Common recessive
intervals are inferred to contain abundant bentonite based on
“popcorn”-weathering of colluvium. Skolithos traces and
ceous to bentonitic to siliceous, bioturbated, dominantly marine mud- Sphenoceramus body fossils are observed within the sand-
stone, siltstone, and sandstone. In a regional context, Schrader Bluff stone facies.

Formation strata that crop out in the mapped area are limited to the

lower part of the unit (i.e., below the significant mid-Campanian TuLuvak  Formation  (locally  Turonian to  Conia-
unconformity (MCU) of Decker (2007)). In the Umiat area we recog- cian(?))—Tan- to brown- to orange-brown-weathering, medi-
nize three generally distinctly mappable units within the Schrader Bluff um-gray to medium-brown, chiefly thin- to medium-bedded,
Formation; these units are described below and were mapped in detail commonly normally graded, well-indurated, moderate-
where we could do so with moderate confidence. Our informal subdivi- |y-sorted, lithic- and |oca||y quartz-rich, |oca||y carbona-
sions of the Schrader Bluff Formation generally follow the members ceous, very fine- to medium-grained sandstone, with subordi-
mapped by Detterman et al. (1963) and Brosge and Whittington (1966), nate thin-bedded, plane-parallel laminated mudstone. Sand-
although these Schrader Bluff members were formally abandoned by stone grains are subrounded to subangular. Mudstone rip-up
Mull et al. (2003). clasts and siderite nodules as clasts are locally observed in
sandstone beds, as are symmetrical ripples and low angle
cross-stratification.

Surficial geologic mapping modified from
Carter and Galloway (1986)
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& 2007); 3) Prince Creek—Schrader Bluff-Canning (e.g., Mull et al., 2003; Decker, 2007).
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a location informally referred to as the Colville incision (see LePain et al., 2009). Marine sandstones of the Nanushuk s L S ) KUTCHIK SYNCLINE GUBIK ANTICLINE ta—dominantly recording nonmarine, shallow marine, and shelfal sedimentation—of
Creek Formations in Colville River Bluffs, North Slope, Alaska: U.S. Geological Survey Ks Ksbl, Kpc

non-marine host the Umiat oil accumulation approximately 20 km northeast of this locality. Hammer is 31 cm long for scale. . = . the Nanushuk, Seabee, Tuluvak, Schrader Bluff, and Prince Creek formations (see Cor-
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Gillis, R.J., Decker, P.L., Wartes, M.A., Loveland, A.M., and Hubbard, T.D., 2014, Geologic map

Flores, R.M., Myers, M.D., Houseknecht, D.W., Stricker, G.D., Brizzolara, D.W., Ryherd, T.J.,
and Takahashi, K.1., 2007a, Stratigraphy and facies of Cretaceous Schrader Bluff and Prince

Inferred depositional setting View westward of Cenomanian-age Nanushuk Formation strata cropping out along the Colville River’s north bank at
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et al., 2003 and 2004). Notably, with the exception of Seabee clinoform and bottomset (locally Santonian(?) to Campanian)—Typically gray to tan to brown

seismic facies (Houseknecht and Schenk, 2005, fig. 22 therein), no Brookian slope or thin- to thick-bedded, chiefly moderately to poorly indurated, tuffa-

) gyl toe-of-slope strata (i.e., Torok and Canning), or distal, condensed deposits (i.e., Hue
of the south-central Sagavanirktok Quadrangle, North Slope, Alaska: Alaska Division of -5,000’ -5,000' -5,000"

Geological & Geophysical Surveys Report of Investigation 2014-4, 24 p., 2 sheets, scale Shale), were observed during this study. However, regional stratigraphic work (e.g.,
1:63,360. Huffman, ed., 1985; see also summary by Mull et al., 2003) and subsurface data (e.g.,

Herriott, T.M., Wartes, M.A., Decker, P.L., Wallace, W.K., Gillis, R.J., Reifenstuhl, R.R., and -7,500' I -7,500° 7,500 Molenaar, 1988; Decker, 2007) in northern Alaska indicate that the topset facies units of
Speeter, G., in preparation, Geologic map of the Gilead Creek area, northeastern Brooks — the Umiat area grade basinward (east and northeast) into correlative seismic clinoform
tFi*grf]‘ge, Alaska: Alaska Division of Geological & Geophysical Surveys Report of Investiga- and bottomset facies. Additionally, recent detailed geologic mapping in the Sagavanirk-

Houseknecht, D.W, and Schenk, C.J., 2001, Depositional sequences and facies in the Torok _ tok RIVef (Gillis etal., 2014) and Gilead Creek (Herriott et _al" n preparatlop) area.s of the
Formation, National Petroleum Reserve-Alaska (NPRA), in Houseknecht, D.W.7 ed., NPRA -12,500' - - ) -12,500' -12,500’ SagavanlrktOk Quadrangle further demonStrate the prOXImaI_dIStal Stratlgraphlc rela—
Core Workshop: Petroleum Plays and Systems in the National Petroleum Reserve—Alaska, p. 5 , tionships that developed and evolved through time and space during mid-Cretaceous to
179-199. 15,000 : 15000 15000 ) , early Cenozoic infilling in the central to east-central part of the Colville foreland basin.

Houseknecht, D.W, and Schenk, C.J., 2005, Sedimentology and sequence stratigraphy of the ' ' ' Bedrock exposures in the Umiat area are generally limited to cutbanks along the
CIEEEEIrs NEMUSIN, SEENES, oY) IHIELS [FOIeEes o @ Uik WomiE major creeks and rivers, and largely consist of the Schrader Bluff Formation. However,
north-central Alaska: U.S. Geological Survey Professional Paper 1709-B, 18 p. -17,500' -17,500' -17,500’ . . . .

Hubbard, R.J., Edrich, S.P., and Rattey, R.P., 1987, Geologic evolution and hydrocarbon habitat superb exposures of Prince Creek strata occur along the Colville River at Shivugak and
of the Arctic Alaska microplate, in Tailleur, I.L., and Weimer, Paul, eds., Alaskan North Slope Uluksrak bluffs (see also Flores et al., 2007a). Nanushuk, Seabee, and Tuluvak forma-
geology: Society of Economic Paleontologists and Mineralogists, Pacific Section, and Alaska tions are mostly poorly exposed in the mapped area, with outcrops generally occurring Ksbl
Geological Society, Bakersfield, California, Book 50, v. 2, p. 797-830. within a several kilometers wide swath northwest of the Colville River near Umiat i

AUIIET (/s By LetS) (CERIEEY B B NEmEe Chop e ke e, Mot e 22,500 -22,500 22,500 between Seabee Creek and Umiat Mountain; however, generally excellent exposures of
Alaska: U.S. Geological Survey Bulletin 1614, 129 p. . . . .

Kumar, Naresh, Bird, K.J., Nelson, P.H., Grow, J.A., and Evans, K.R., 2002, A digital atlas of these three units comprise the south face of Umiat Mountain (see also Houseknecht and
hydrocarbon accumulations within and adjacent to the National Petroleum Reserve-Alaska -25,000° -25,000 ~25,000 Schenk, 2005). Furthermore, a notably outstanding outcrop of Nanushuk Formation lies
(NPRA): U.S. Geological Survey Open-File Report 2002-71, 80 p. along the northwest bank of the Colville River near the southern map boundary (see

LePain, D.L., McCarthy, P.J., and Kirkham, Russell, 2009, Sedimentology and sequence stratig- Colville incision locality of LePain et al. (2009)); relatively resistant Nanushuk beds also

crop out discontinuously on tundra-covered slopes west of Umiat Mountain. Pre-Schrad-
er Bluff units do not crop out south or east of the Colville River in the mapped area.
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SCHRADER BLUFF FORMATION, REGIONAL LOWER PART, LOCAL
UPPER  MAPPABLE UNIT (informal subdivision)—Locally
distinctly brown-purple-weathering, light- to dark-gray,
chiefly thin-bedded, moderately to poorly indurated, tuffa-
ceous to locally siliceous, faintly ripple cross-laminated to
wispy, disrupted, or convolute laminated siltstone and very
fine-grained sandstone, with subordinate light-gray- to
brown-purple-weathering, plane-laminated to ripple
cross-laminated to locally trough cross-stratified, very
fine-grained sandstone in amalgamated bedsets to 10 m
thick. Commonly recessive, “popcorn”-weathering intervals
are light- to dark-gray, bentonitic claystone and yellow-green
to pistachio-lime-colored bentonite. Amalgamated sandstone
lithofacies contains thin lag deposits of intra-formational

Molenaar, C.M., 1983, Depositional relations of Cretaceous and lower Tertiary rocks, northeast- 500 ——— : ' : - : — : == Kiu : == : 2,500 2,500 2,500 siltstone rip-up ClaSF Conglom?rat_es’ with laminae defined by
ern Alaska: American Association of Petroleum Geologists Bulletin, v. 67, no. 7, p. E - — : : | = _ ——— e — - : ' : : carbonaceo_us debris and rhizoliths are locally Observgd.
1,066-1,080. — —_— ——— : Trace fossil assemblage commonly includes Schaubcylin-

_ _ Molenaar, C.M., 1985, Subsurface correlations and depositional history of the Nanushuk Group -5,000"F= = = : === —— : _ o 5,000 -5,000 -5,000 PR PR OF drichnus, Paleophycos, and locally densely packed Phycosi- .
et al. (2003). Parts of three major Brooki- and related strata, North Slope, Alaska, in Huffman, A.C., ed., Geology of the Nanushuk ' Gas to surface in 9 : NanusHuk  FormaTion  (locally  Cenomanian)—Tan- to

e i _ g inutes, It 3 hon. Shell fragments from large Sphenoceramus are locall . ;

an depositional cycles occur in the o _ Group and related rocks, North Slope, Alaska: U.S. Geological Survey Bulletin 1614, p. 7500 mler:;uersetroezs\r;?ed Thrust fault cut at 2,680 gbserve q g ge op y gray-brown- to rusty-brown-weathering, medium-gray to
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vak—Seabee, and Prince Creek—Schrader Molenaar, C.M., 1988, Depositional history and seismic stratigraphy of Lower Cretaceous rocks _ : : : . —— inantly well-indurated, commonly normally graded, lithic to
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Description of Map Units).  Schrader and exploration of the National Petroleum Reserve in Alaska, 1974 to 1982: U.S. Geological : > - : - SCHRADER BLUFF FORMATION, REGIONAL LOWER PART, LOCAL quartzose, locally structureless but common_y trough, um-
p P o). 9t Survev Professional Paper 1399. p. 593-621. MIDDLE MAPPABLE UNIT (informal subdivision)—Light-gray to mocKky, swaley, or tabular (planar and tangential) cross-strati-

Bluff strata of the Umiat—-Gubik area y per 1399, p _ . . : . . i h ) i .

tirely below the mid-C i HEE, V-2, BelEes, U, (B, S, [, S5, 4, €6, sl DT, 51, 18, €007 tan to brown, thin- to medium-bedded, typically well-indu- fied chiefly fine- to medium-grained sandstone. The fine- to
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Y ogy of North America, Geological Society of America, Boulder, Colorado, v. G-1, ch. 3, p. - * : ' === ' 15,000 15,000 -15,000 and swaley cross-stratified, locally argillaceous, locally by subordinate  dark-gray- to  gray-brown-  to
carbonceous and woody debris-bearing, tuffaceous(?) very light-rusty-brown-weathering, medium-gray to tan-gray to

Thomson sand than Schrader BIuff units exposed farther ) R ' : : 49-140. _ _ _ _ = _ - _ ]

(informal unit) east in the Sagavanirtok River area (Gillis R ' - \ Mull, C.G., Houseknecht, D.W., and Bird, K.J., 2003, Revised Cretaceous and Tertiary strati- — — e = - . - — i o fi ined dst ith bordinat ‘ thin- to thin-beddsd deratel Lindurated
ine- to fine-grained sandstone, with subordinate gray, an, very thin- to thin-bedded, moderately well-indurated,
medium- to thick-bedded, carbonaceous mudstone, ripple to low-angle cross-laminated to plane-parallel laminat-

-20,000 -20,000 -20,000

Paleocene

submarine . .
SeaBee FormaTioN (locally Cenomanian(?) to Turoni-

an)—Tan-gray- to medium-gray-weathering, medium- to
dark-gray, thin-bedded, dominantly poorly indurated, tuffa-
ceous to bentonitic, locally fissile, plane-parallel laminated to
rippled siltstone, mudstone, and claystone, with subordinate
tan-gray-weathering, medium-gray, thin- to very thick-bed-
ded, locally well-indurated, commonly normally graded, low
angle cross-stratified (e.g., hummocky, swaley, and irregular-
ly) very fine-grained sandstone. Discrete, very thin-bedded
bentonite horizons are common, and mudrock-dominated
zones within the Seabee are typically covered in benton-
ite-rich, clayey slope wash that exhibits a characteristic “pop-
corn”-weathering style. Inoceramus prisms are locally
observed.
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raphy of the middle Albian-Cenomanian Nanushuk Formation in outcrop, Central North
Slope, Alaska: Alaska Division of Geological & Geophysical Surveys Report of Investigation
(midd 2009-1, 78 p., 1 sheet.
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Medium- to dark-gray, hackly weathering, well-indurated, tuffaceous(?) very fine-sandstone and siltstone packages Creek Formations. The mid-Campanian unconformity (MCU) crops out at this locality and is a sequence
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ganiferous shale unit (informal).
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dark-gray to black, thin-bedded, siliceous tuff, and choco-
late-brown to olive-green, medium-bedded, “pop-
corn”-weathering bentonitic tuff. Finer grained sandstones
are locally ripple cross-laminated. Sandstone beds locally
exhibit sharp, scoured bases with up to 80 cm of erosional
relief. Siderite nodule, sandstone rip-up clast, and extra-ba-
sinal clast conglomerates occur as thin lag deposits. Sand-

ed very fine-grained sandstone and siltstone. Centime-
ter-scale, coalified wood fragments and very thin pebbly lags
are locally observed. Porous, oil-stained sandstone in the
uppermost Nanushuk Formation was reported Dby
Houseknecht and Schenk (2005) at Umiat Mountain, and we
observed an oil seep along the Colville River near their mea-
sured section locality.
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