
? ?

!
!

?

?

?

?

?
?

?
?

?

?

?

?

?

?

?

?

?

?

?

?

?

?

?

?

!

!

!

!

!

!

! ! !

!

!

!
!

! !

!

!
!
!

!
!

!

!

!

!
!

!

!

!

!
!

!

!

!

!
!
!

!

!

!

!
!

!

!!!

and

?

Abundant carbonaceous plant fragments

Amalgamated beds, most bed contacts 
���]�8���µ�o�š���šo recognize

and

Lag deposit of Ditrupa worm tubes

and

and

Rusty-brown weathering, dark gray
on fresh surface; horizontal laminae
faintly visible; Palaeophycos and possible
sparse rhizoliths?

Discon
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Small 3D dune bedforms on bedding
surface; wavelength ~ 20–25 cm,
amplitude ~8 cm
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Broad, concave-up surfaces
suggest SCS

Abundant macerated carbonaceous 
plant fragments on bedding planes

Abundant plant impressions and 
fragments 0.5-3 cm long on
bedding planes

Amalgamated sandstone beds 0.5-
1.5 m thick with dispersed rip-up
clas ed mudstone

Amalgamated beds of HCS sandstone

Bitumen-�.�o�o���������]�le 3-4 cm thick at high
angle to bedding; dike a
dike exposed from 59-61 m; sandstones
cut by dike have strong hydrocarbon odor

Typical succession of sedimentary 
structures in a tempes e bed from 
this interval. Bioturba torm 
beds is generally limited to upper 
few cen ters in each bed and the 
intervening beds consist of highly 
bioturbated muddy sandstone.

Palynology sample yielded middle to 
late Albian age palynomorphs, sample
included abundant w
organics

Cone-in-cone structure

!

!

Pelecypod

Ammonite

Sandstone

Mudstone

Siderite clast

Current ripple cross-lamina�Ÿ�}�v

Discon�Ÿ�v�µ�}�µ�•�����o��y/mudst�}�v�����‰���Œ�Ÿ�v�P�•

Carbonaceous drapes

Asymmetrical ripple bedform

Plane-parallel lamina�Ÿ�}�v

Wavy, irregular lamina�Ÿ�}�v

Wavy, regular lamina�Ÿ�}�v

Small-scale trough cross-lamina�Ÿ�}�v

Large-scale trough cross-bedding

Low-angle, inclined lamina�Ÿ�}�v

Hummocky cross-stra�Ÿ�.��a�Ÿ�}�v

Swaley cross-stra�Ÿ�.��a�Ÿ�}�v

Herringbone cross-bedding

Plant fragment

Wood impression and/or woody
material

Bioturba�Ÿ�}�v

Extensively bioturbated

Key to Lithologies and Symbols

!
Skolithos

Diplocraterion

Arenicolites

Rhizocorallium

Measured Stra orma
Nanushuk River (R op Ridge), Alaska

Planar-tangen oresets

P

Planar-tabular foresets

meters meters meters

meters

Wave ripple cross-lamina

Wave ripple bedform

Sigmoidal cross-stra a
in scour

Convolute bedding

Rhizolith

ed by D. LePain and R. Kirkham (July 1999 and July 2000)

?

Flooding surface

Flooding surface

Flooding surface?

Flooding surface

Flooding surface

Flooding surface

Flooding surface

Flooding surface

Flooding surface

Flooding surface

Flooding surface

Palaeophycus; strong hydrocarbon odor

Planolites, Phycosiphon or Helminthopsis

Remnants of              visible 

Admixed clay and terrestrial organic material
(”c�}�+ee grounds”)

Middle to late Albian based on
palynology; w
organic material

Dune bedforms

Ditrupa

Siderite clast lag

Flooding surface

Flooding surface?

Flooding surface

Flooding surface

Flooding surface

Flooding 
surface

Flooding surface

Flooding surface

Flooding surface?

Flooding surface

Flooding surface?

Flooding surface

Flooding surface?

Siderite concre

Plant fragments common, most less than 2 cm,
few up to 7 cm in length

Talus of sandstone and
chips of black argillaceous
siltstone

Massive?; sand body fractured in
large irregular shaped blocks

Admixed clay and silt; abundant 
carbonaceous plant fragments

Structure obscure

Event beds 5-15 cm thick with thin
mudst tween beds;
sparsely to highly bioturbated

Horizontal laminated sandstone bed
with sca er ted pelecypod
fragments; fracture surface covered with
bitumen

Structure obscure

?

?

?

?

?

?

Schaubcylindrichnus, numerous pelecypod
impressions

?

Sandstone rubble-crop with plane-
parallel horizontal lamina
mudstone rip-up clasts

Rusty weathering

Structure obscure

Ditrupa and Schaubcylindrichnus

Palaeophycus; sparse large v al
burrows 4 mm wide and up to 15 cm
long - Skolithos

Rubblecrop silty sandstone-
sandy siltstone; bioturbated

Discon arbonaceous 
mudstone throughout; burrow
with some recognizable traces - 
Schaubcylindrichnus, Arenicolites, 
Rhizocorallium, Planolites, Palaeophycus;

o increase
slightly upward to�Á���Œ�����G�}�}���]�v�P���•�µ�Œ�(ace

Ammonit�����]�v���G�}��t at 160.0 meters -
middle Albian; paly sample at 159.95 m - 
middle to late Albian

First major recessive interval northeast
of bank-a ached gravel bar midway
through Nanushuk exposure

Vegeta over - willows;
most likely mudstone

Schaubcylindrichnus; Thalassinoides���]�v���G�}��t

Rusty-brown weathering bed at 88.4 m,
brown-green-gray on fresh surface,
friable, strong, heavy hydrocarbon odor;
bed above also has strong hydrocarbon
odor

Faint hydrocarbon odor

Thalassinoides?

Skolithos?

Discon tone 15 cm thick at
195 m

Amalgamated tempes es - iden a
bed cont�����š�•�����]�8���µ�o�š��

Sca ered low-relief scours and incipient
convolute laminae; bed-elongated 

oncre o 25 cm thick
and 35 cm long 

Bed-oblique tr�������•���•�ï���u�u���Á�]�������.�o�o�������Á�]�š�Z��
sand widely sca ered between 198-205 m

Ditrupa

Interference ripple bedforms and woody
fragments cover surface

HCS or incipient convolute bedding; 
few bed-parallel and oblique burrows

Wave-ripple bedforms cover surface of 
bed; surface includes many crawling 
traces and v al burrows 2-5 cm in 
diameter; v al burrows have outer 
rims that stand in relief above bed 
surface - shrimp or pelecypod burrows?

Irregular fracture pa ern; structure 
obscure

Plant fragments up to 2 inches long 
on bed surface

Low-relief, long wavelength wavy 
lamina

Salt and pepper colored sand with 
few sca ered black chert pebbles up to 
0.5 inches in diameter; sca ered 
poorly preserved carbonaceous plant 
fragments up to 2 inches long

Abundant wood impressions up to 60 cm
long

Carbonaceous wood fragmen�š�•���]�v���G�}��t

3D (dune) bedforms

Top 00DL022

Base of measur DL064
N68.843, W150.562
Datum: NAD 27

Upper few cen ters
of most sandstone beds
are bioturbated

Small carbonaceous plant fragments 
on bed top 

Amalgamated beds

Amalgamated beds

Amalgamated beds

Weathering color change

Sandstone rubble likely from 
exposure immediat
interval probably silty shale 
and/or siltstone?

Amalgamated beds of HCS; large ovoid-shaped 
concre �š���]�v���G�}��t

P t fragments 
to 15 cm long, and pelecypods 
abundan�š���]�v���G�}��t

Hydrocarbon odor in friable sandstone at 368-
369 m

Plant fragment up to 2 cm long common
on bedding plane

Mudstone rip-up clas�š�•���]�v���G�}��t

Crawling traces on wave ripple
bedforms

Barren of foraminifera; heavily 
iron-stained silty shale

464.5 - 466.6 m - rusty, orange-
brown weathering, parts in 
irr���P�µ�o���Œ���•�Z���‰�����U���.�•t-sized chunks 
that are internally burrow
common to abundant Diplocraterion 
and bed-oblique burrows. 

Bedforms have discon
crests (3D) and appear to be 
dunes

Structure obscure

White quartz and black chert impart 
salt and pepper appearance

Washed-out 3D bedforms on 
bed surface; common small 
carbonaceous woody fragments 
1-4 mm long on bed surface

Abundant, small carbonaceous 
woody fragments 1-4 mm long

Ball-and-pillow structure;
rusty red-brown stain covers
surface of outcrop

Low-amplitude wave-generated(?)
bedforms

Bent ystone and clayshale

Seabee Forma uronian?)

Surface covered with 3D bedforms 
and bed oblique to perpendicular 
burrows (Skolithos?)

Nanushuk Forma
(Cenomanian)

Rosselia, Schaubcylindrichnus, Skolithos,
and Cylindrichnus; abundant woody frag-
ments

Composite measur

Lower half of measur
(00DL22)

Upper half of measur
(99DL064)

Township 6 south

Township 7 south

Range 7 eastRange 6 east

U. S. Geological Survey Chandler Lake Quadrangle

Anaktuvuk River

Carbonaceous plant fragments
up to 5 cm long

?

Muddy sandstone

Gyrochorte

Plant impressions up to 20 cm long
Abundant Diplocraterion

Scours 2-3m wide, up to 25 cm
�������‰�U���.�o�o�������Á�]�š�Z���,���^�M

Abundant Diplocraterion

Division of Geological &
Geophysical Surveys

Most ripple bedforms are
slightly asymmetric

Most sandstone beds appear burrow
remnants of horizontal and ripple cross-lamina
visible locally; most bed surf ered with 
small piences of carbonaceous plant detritus

Nanushuk in thrust contact
with Torok - minor throw on
fault (Mull, oral comm., July 1999)

Base of measur
N68.846, W150.551
Datum: NAD27

Ditrupa���]�v���G�}��t

Ditrupa���]�v���G�}��t

Many bed surfaces covered withcurvilinear 
traces - Gyrochorte

Symmetrical bedforms common
on bed surfaces, along with many
Gyrochorte traces; possible
Ophiomorpha at 44.5 m

Single event - tempes e?

Beds 10-15 cm thick; at least three events;
possible trace glauconite

Low-angle laminae trunca
subtle concave-upward geometry
sugges ould be foreshore
laminae?

Foreshore laminae?

Mudstone?

Low-relief, symmetrical ripple bedforms

Convolute laminated bed below 190 m 
separates HCS and horizontal laminated 
sand below from likely SCS above; 
macerated plant de
planes throughout interval from 188.4 m
to 191.4 

Small dune bedforms (3D) cover bed surface

Planar-tangen oresets record
bedforms at least 50 cm high

Abundant, discon tone

Abundant, discon tone

Poorly exposed mudstone interval divides 
the Nanushuk at this loca into lower 
and upper halves, each comprised of a 
stack of parasequences that are largely 
aggrada throughout most of their 
thickness, becoming prograda in the 
upper 50-100 m. Each half is interpreted as 
a third-order sequence that likely includes 
higher-order sequences.

Macaronichnus

Most beds between 302 m 
and 308 m are highly 
bioturbated, but some have 
low to moderate bioturba

Amalgamated HCS beds

Talus and muddy colluvium;
likely a covered mudstone 
interval

Talus and muddy colluvium;
likely a covered mudstone 
interval

Amalgamated beds of HCS sandstone

Rusty-red weathering bed 10 cm 
thick consis gely of rounded 
grain 4-6 mm in diameter of 
unknown c e?

Amalgamated beds of SCS 
sandstone, bed cont�����š�•�����]�8���µ�o�š��
to iden y; sca ered siderite 
clasts up to 7 cm long appear to 
�G�}��t in sand

Nanushuk-Seabee contact:
N68.84136, W150.57368
Datum: WGS84

Satellite Imag�����u�}���]�.�������(�Œom the USGS Na wer

00DL022

99DL064

Nanushuk Fm.

Seabee Fm.

Torok?

Covered interval thickness 
measured with Jacob sta�+

0.4 mi

N

45        215
Nanushuk bedding a

Candidate sequence boundary
(surface at 242.2 m is preferred
choice)
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