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Geologic map and sections of the central part of the Katalla district, Alaska

By In Nichawak Mountain the Basin Creek Member includes much i
. ! C green fragmental volcanic material, in part water-laid IGNEOUS ROCKS S 0
Don 3. Millerl/ and interbedded with sandstone and siltstone and in part as lenticular or roughly cylindrical bodies that show some HEET 2 F 2
intrusive relations with the enclosing siltstone. One of these 12}rusive bodies, which forms the south peak of Nichawak Dioritic intrusive rocks with unknown contact relations crop out in isolated small hills rising above the alluvium
1NDuntamu, was described by Taliaferro (1932, p. 779-780, fig. 14)4/ as a laccolith of basalt, but this body consists at just west of the Nichawak Hills. Sandstone in the Katalla Formation in the nearest outcrops about half a mile (.8 km)
east im part of coarse volcanic breccia and tuff with poorly developed stratification. The stratification is roughly to the east shows no contact alteration. In thin section the diorite has an intergranular panidiomorphic texture. It
concordant with that of the enclosing sedimentary rocks, mostly siltstone, which show no alteration. is made up of about 45 percent plagioclase in broad laths up to 2.5 mm long, 30 percent anhedral augite and enstatite,
about 20 percent anhedral chlorite in large clusters, and 5 percent subhedral magnetite and ilmenite. The plagioclase
is highly saussuritized, but extinction angles on relict albite twinning indicate a composition of about andesine.
Ferroaugite (CAZ 449, 2V = 450) is commonly intergrown with enstatite. Some enstatite crystals are partly rimmed with
green chlorite. The rock may best be described as an altered pyroxene-bearing diorite or diabase. Its unusual miner-
alogy indicates a lack of chemical equilibrium, probably owing to contamination during emplacement.

Small tabular dikes and sills or irregularly shaped bodies of dark-colored mafic igneous rock too small to delin- TABLE 2.--
eate on the geologic map intrude Tertiary rocks in the Don Miller Hills and in Nichawak Mountain. Most of these intru-
sive bodies are associated with the silty Basin Creek Member of the Katalla Formation; a few are in the upper part of

This map of the central part of the Katalla district is one of a series showing the geology of the Gulf of Alaska
Tertiary province, The onshore part of the province is made up of an arcuate belt more than 300 miles {485 km) long
and 2 to 40 miles (3.2 to 64.5 km) wide in which Tertiary sedimentary rocks are exposed or are inferred to underlie
lowland areas covered by unconsolidated surficial deposits or ice (Plafker, 1967, 1971). Field studies were carried
out intermittently by Miller and others in the central Katalla district from 1944 to 1953 as part of the Geological
Survey's continuing efforts to evaluate the petroleum and coal resources of southern Alaska. Results of investigations
in the Katalla district have been made available in preliminary open-file reports (Miller, 1951, 1961). This map
:::::b:;:o:":;;ﬂgliig?g:‘gg{ii :::ﬂb::éh;: ﬁ:zgl‘?:a:zd ;:;t}:_:‘a ?Tl.eadlgia 5“"‘13‘"3 2; S. Eeolotg;}'caliS-urvey publication, Tal iaferro (1932, p. 772-774) named and defined the Burls Creek Shale Member as the upper member of his Katalla
TR AN 406, s y nes or redefines mappable time-rock units of Formatiom, corresponding to Martin's unit g and including the predominantly shaly sequence exposed in the valley of

Burls Cr-eek between his Split Creek Shale and Sandstone Member and Point Hey Sandstone Member. In this report the

Z 7
JThe.- titles of figures 13 and 14 in Taliaferro (1932) are reversed.

Burls Creek Shale Member

designated the reference section.

The Basin Creek Member crops out in a continuous belt extending from Redwood Creek to Chilkat Creek and is exposed
also in the ridges between the Katalla River and Redwood Creek and between Chilkat Creek and the Bering River. The unit
is exposed in one small area on Gandil Mountain and is extensively exposed, although not mapped separately from the
Burls Creek Shale, in the southwestern part of Nichawak Mountain. In resistance to erosion the Basin Creek Member is,
on the whole, intermediate between the underlying Split Creek Sandstone Member and overlying Burls Creek Shale Member.
In detail the sandstone units form low ridges, alternating with flat areas or small valleys developed on the siltstone.
This results in a finely ribbed texture that shows up clearly on the aerial photographs at some places.

The Basin Creek Member consists largely of gray hard very fine grained massive sandstone interbedded with softer
massive siltstone. The sandstone and siltstone alternate in beds or groups of beds 1 to 50 feet {.3 to 15 m) thick with
an average thickness of about 10 feet (3 m) for the sandstone and about 25 feet (7.5 m) for the siltstone. The sand-
stone and siltstone have about the same color and general appearance, both consisting of angular grains of feldspar and
quartz imbedded in a finer grained matrix. In the Don Miller Hills glauconite occurs as scattered grains in both sand-

stone and siltstone and locally forms thin beds of dark-olive-green sandstone.

At two sections measured at the head of Split Creek and at the east margin of the valley of Burls Creek the thick-
ness of the Basin Creek Member is 740 feet (226 m) and 550 feet (168 m). Elsewhere in the Don Miller Hills the thick-
ness, as estimated from measurements made on the map, ranges from about 550 feet (170 m) to about 1,000 feet (300 m).

In Nichawak Mountain beds of typical Basin Creek 1ithology in the undifferentiated Basin Creek-Burls Creek sequence are
at least 1,000 feet (300 m) thick. The most characteristic feature of the Basin Creek Member is its "cannonball" concre-
tions, which are abundant in the siltstone. The concretions are gray hard silty-limestone spheres or oblate spheroids
from 1 to 6 inches (2.5 to 15 cm) in diameter, many of which contain fossil crabs.

clasts were found in the Puffy Member, although Taliaferro (1932, p. 775) described the Puffy as containing boulders and
angular lblocks, 1ike the Yakataga Formation in the Yakataga district. Possibly equivalent beds elsewhere in the Katalla
district, in the Suckling Hills, and on Kayak and Wingham Islands contain conglomeratic mudstone with large, angular
clasts that have been assigned to the Yakataga Formation (Plafker, 1967, 1974). The nonconglomeratic siltstone, mud-
stone, and claystone of the Puffy Member are similar in appearance to the massive, fine-grained rocks of the Basin Creek
and Burls Creek Members of the Katalla Formation but contain few or no concretions and are generally more sandy, harder,
and more resistant to erosion. The sandstone is predominantly light gray to light brown and fine to medium grained.

It :cr.:ur's in thin beds in the siltstone and in thicker and more massive beds associated mainly with the conglomeratic
rocks.

Age and depositional environment

Megafossils within the Redwood Formation are scarce, and collections are small. The sparse fauna available suggests
to F. 5. Macheil (written commun., Oct. 23, 1963) tentative correlation with part of the "Blakeley" Stage (late Oligocene
to early Miocene) of the Pacific Northwest. It is accordingly considered to be Oligocene(?) and Miocene. The fauna and
lithology reflect deposition mainly below wave base in cold water at depths that range from middle neritic to probable
bathyal.” The high degree of rounding of the pebbles in the conglomerate and mudstones indicates that the coarser clastic
material was abraded by beach and possibly stream processes before being deposited in an offshore basin.

1/

The Redwood Formation was considered by Hanna and others to be in fault contact with and older than their Split Creek Formationm, but is

placed at top of column here to facilitate comparison with other columns.

; ; . Burls Crreek Shale Member of the Katalla Formation is restricted to the siltstone and associ 3
GENERALIZED COMPOSITE COLUMNAR SECTION OF THE . ‘ ) BEDDED ROCKS rocks that comprise the upper part of the Burls Creek Shale Member of Taliaferro. The :ﬁi;:;:: d::“s::gz:u::da:glz??zf the Tokun Formation. Most of the mafic intrusive bodies appear to be closely related in composition and time of emplace- --selected gastropods from the Redwood, Redwood Katalla Formation Tokun
TERTIARY SEDIMENTARY ROCKS EXPOSED IN THE KATALLA AREA The stratigraphic sequence exposed in the central part of the Katalla district includes more than 6,000 feet stone now designated as the Basin Creek Member are excluded. Three subdivisions of the Burls Creek are recognized and ment to the bedded volcanic rocks of the Basin Creek Member and the lower unit of the Burls Creek Shale Member of the sl Format jot TABLE 4.--wWells drilled i
(1830 m) of apparently conformable bedded marine sedimentary and volcanic rocks of probable late Eocene through Miocene mapped 1ocally and are here referred to as: 1) the lower unit, 2) the organic shale unit, and 3) the upper unit. The Katalla Formation; and, as noted under the q1scussion of these members, there seem to be all gradatigns_ from unguestion- Katalla, and Tokun Formations, showing Burls Creek Shale Member ) .==Wells drilled for petroleum in the Katalla area, Alaska, through 1969.
age. On this map, bedded rocks are subdivided into the Tokun Formation of late Eocene and early Oligocene age, the Burls Creek is typically developed at its type locality, the divide between the west fork of Burls Creek and east fork ably intrusive 1gneo|:|s mcks'thruugh extrusive pyroclastic deposits and lava flows to possible flow injection of frag- katiee i 58 |5 Locatien Total depth
Katalla Formation of 0ligocene age, and the Redwood Formation of Oligocene(?) and Miocene age. Table 1 shows the rela- of Redwoiod Creek. The upper contact here is gradational with the overlying san mented igneous material. Thin sections reveal that these rocks are mainly diabase, commonly with calcite- and chlorite- R Adgatitioat Jond ay, 35 2 - I Bo.  Company and well name or number Location Year Feet (Metres Formstion panetrated
p i » and g g ppe g ying dy member of the Redwood Formation. In ; 4 . °w - H {Metres) Formation penetrated Results and remarks
tions of formation and member subdivisions, as used herein, with those used previously. the Don Miller Hills the Burls Creek Shale Member, with a maximum thickness of 2,790 feet (850 m), is exposed exten- f:&]ed vesic:es a\rer;gmg 0.4 mm diameter, in an obscure groundmass of plagioclase microlites up to 0.7 mm long, stratigraphic ranges. " i, |5, 53 g E 1 Alaska Steam Coal & Petroleum
: ; s : r slx2 8 k3
r Ag a result of the early reconnaissance geologic investigations of the Katalla district, Martin (1908) assigned sw:]y 1; thet:aﬂ?ﬂ ofb:urls Creek, along the east fork of Redwood Creek, along Cl_ﬁ'lkat Creek and the ridge to the chlorite, calcite, abundant iron ore, and clusters of sphene. E z gg %5‘ _gi 5 § - Syndicate (ASC&PS) (A) Katalla field----- 1901 270 (B2.4)  Katalls Formation---------— Abandoned; tools lost. Show of oil
rocks in the map area to the Katalla Formation, which he subdivided into five parts ("e" through "i") on the basis of g; ée??l ng the r ggwe zuee: Rc;d:ood Creek and the Katalla River valley. The unit also forms nearly all of Mount STRUCTURE (Identifications by F. Stearns MacNeil) o2 |EE |8 S = g + ascars ) ; - .
'Iiitho}og{a t;he grguaings used herein and in previous preliminary U. S. Geological Survey reports (table 1) correspond P an € sou st end of Nichawak Mountain. E § = %EE 5 2% ] ES @ g 1] : - e W R o mmm{yfff i ““;;l' Erales
close o = s Se W ) - . . . ) o w & e - struc f oil ar 366 fr (111.6
been a:s! ned :ero tiar‘t'lndexcegt that his unit "g" has been further split into two members and all mappable units have Lower unit.--In the type area, the lower unit of the Burls Creek Shale Member consists predominantly of concretion- The characteristic pattern of folding in the Tertiary rocks of the south-central Katalla district is one of closely & | e "'B:-E 5%4]5:% 5] 55 & in 1902.  Froduced :"“""“‘t"“'t‘“" ’
g ormation and member names as shown on table 1. On the basis of age and 1ithology, the Katalla Formation TTtstone, . : d and tightl d 11 nd 14 f 1 n & et Pt =
is correlated with the Poul Creek Formation of the Yakataga and Malaspina districts, the Tokun Ft;rmation is probably Sry s1}terone, with varishie smounts of glauconitic. sandstane and frageanial valcanic yocks. The stitstone i3 nessive, v taq b conm;esstie hmﬁ“; 5 ? ]s;mc :esin i e e oy e e E % | 8|5 EE|S22|£38 5| £ g AR
> - = = —
the age squivalent of the upper part of the Kulthieth Formation of the Yakataga .and Malaspina districts, and the Reawood medium- to light-gray on fresh surface, weathering into small angular roughly equidimensional dark-gray fragments. ::mi;;.; 518 :v:;:u;?:cés"i: t:bee;:si:::n papr:"‘:: :hgpﬂgamrggd‘;?n‘;e:?és E:g:;::";;g“wwgh&:gﬁm:; x::m::dh:? 2?9" GASTROPODA: S| 3| E|E°7|E""|E7 |53 g U.S. Geological Survey fossil local ity nunber; 3 #BCERS (2) do 1903 1,000 (3052) do -~ Oil st 700 fr (213.5 ®). Produced
Formation may be equivalent to the lower part of the Yakataga Formation exposed in the eastern part of the Katalla dis- The: contact between the Burls Creek Shale Member and the underlying Basin Creek Member is not sharply defined on are much more common than dips of 300 or less. All faults on which the attitude could be determined with any deg,.eﬂ of Ancistrolepis teglandae (Weaver) ----=-----=c-mm-mn- P gcation shown on gealogic map. 2 incerniteently 1932:33,
trict (Suckling Hills, Kayak Island, and Wingham Island) and elsewhere in the Gulf of Alaska Tertiary province. Nichawak: Mountain because fragmental volcanic rocks occur interbedded in both units; for this reason and lack of out- certainty dip steeply north or west or are vertical. The west or north side has moved relatively up on many of the o £ aska prrolaue ¢ 6ud oyl Bear Bhd ot Abandoned at IMmit of drilling equip-
. crops, it was not feasible to map the contact, and the units are grouped together on the geologic map. The thickness faults, but on some faults either the opposite sense of dip-slip displacement or a large component of lateral displace- Antiplanes cf. A. thurstonensis (Weaver) ----------- X 1892 (110} ~mmmm oo e Katalla Slough—- 1903 1,710  (521.6) do ment. Small shows of oil reported.
Tokun Formation gf ;‘.he T ower unit of the Burls Creek ranges from 160 to 590 feet (50 to 180 m) in sections measured in the valley of ment is indicated. Bruclarkia cf. B. columbianum (Ander . 52! plaska Petroleun & Coal Co. 2
The Tokun Formation was named by Martin (1908, p. 24, 35) for exposures on both sides of Lake Tokun in the northern IS Crak,. and 51 iy e 1..000 feet (300 m) or wore.on The ridoe west of Redwood Cresk. The structure of the Don Miller Hills area, excepting the parts north of Split Creek and south of the Katalla oil 2% e e i b am e = R q“:"m;” s s bandoned
part of the Katalla district and north of the map area where the unit is typically developed. Within the map area, Conicretions of dense medium-gray Timestone are rather sparsely but evenly distributed throughout the siltstone. field, may be described generally as a southward-plunging synclinorium in which the superimposed lesser folds trend Bruclarkia cf. B. fulleri Durham --=---e-ccemmmmamme X 15796 e -
strata assigned to the Tokun Formation include 1,080 feet (330 m) to approximately 3,500 feet (1070 m) of interbedded Most of the concretions are lenticular or oblate spheroids, with pocked surfaces, and are much larger than concretions mostly north or slightly east of north. A northeasterly to easterly grain of deformation is dominant in the vicinity of Bruclarkia? 6 Company not known (102) =—=-=-m East shore of Bering
siltstone and sqndstone of late Eocene and early-Oligocene age. In the Don Miller Hills the formation is at least 1,400 of the umnderlying and overlying member; they average more than 2 feet (.6 m) and are as much as 10 feet (3 m) or more Split Creek. Elsewhere it is represented by an abrupt change in the plunge of north-trending folds as along the east __ A 15350 Rlyagesomtmme 1902 580 (176.9) d Abandoned.
feet '::25 m) thick where it is exposed in structural highs south of Bering Lake and in a homoclinal section along the in major- diameter. Large limestone concretions are well exposed in the southwestern part of Nichawak Mountain and on fork of Burls Creek, or by areas in which the prevailing strike is east as in the ridge between Puffy Creek and Redwood Clavatula n. sp. aff. C. arnoldi (Van Winkle) ------ 4 4322 7 ASCERE (3) =--rmemmeccmeemeaaan Katalla field----- 1904 900: (274.5%) Katalla Format Produced
"ﬁﬁ:éiﬁre of Redwood Bay. Approximately 1,200 feet (365 m) of the upper part of the formation is exposed on Gandil ::et:t]l:::;::estrzla?k 21’ M%lunt Calﬁl]:ell. Many gf the Large;]cozcretigns show septarian structure, the cracks being filled Creek. As shown by the structure sections (A-A' through E-E') the intensity of folding and the shape of the folds and Echinoghorda of. E. fax Tegland ) - * ) W
) . e lenticular or oblate concretions ordinarily have their larger dimensions parallel to bedding and com- attitude of their axial planes vary greatly, not only between folds but also along the axis of individual folds. Flank =chinophoria cf. E. fax Tegland ----o--coo-vomooeoene X 15813
Fieldwork and paleontologic studies near Lake Tokun have shown that a thick sandstone unit, which was included in monly provide the only clue to the attitude of small outcrops of massive siltstone. dip§ um_aasured in the Split Creek Sandstung Member at approximately equal distance from the axis of the relatively large Epitonium aff. E. condoni Dall =s--s=sesc-ccccmammme X 0l x 4316, 4325, 15304 5 8 Ascars (3) d s - - do Bot known; probably sbandoned at shal-
the upper part of the Tokun Formation by Martin (1908, p. 35-39), is the equivalent of the Split Creek Sandstone Member The: glauconitic sandstone is dark olive green to almost black on fresh surfaces, weathering reddish brown. It is anticline along Split Creek range from 30° to 70° N, on the north flank and from 30° S. through vertical to 60° over- 15359, 15366 15;?1] ?225315?;3;?15?3256 fa
in the basal part of the Katalla Formation south of Bering Lake. In this report, therefore, the Tokun Formation is hard andl massive and consists of angular to subrounded grains of glauconite in a brownish-green silt- and clay-size turned to the south on the south flank. The intensity of folding generally increases to the south, with overturning to 15394, 15400, 15799 : ! : 9 ASCEPS (C) d 1904 - -~ do Do
considered to underlie directly the Katalla Formation, and the contact is drawn at the base of the Split Creek Sandstone  matrix. Pyrite is a common constituent. The glauconitic sandstone forms massive beds that show rapid lateral change the west in the ridge east of Chilkat Creek but to the east elsewhere. One of the most open folds in the area, however, Exilia lincolnensis Weaver 10 c
Member. The base of the Tokun Formation is not exposed within the map area but is believed to be gradational with the in thickness. Glauconitic sandstone is best developed in the valley of Burls Creek, where it forms beds a few feet (m) is the south-plunging syncline between Point Hey and Cave Point. X 16355, 15382 ASGERE: (103} mommosmmenammnn --- Chilkat Creek----- 1904 4002 (122%) do Abandoned; tools lost.
underlying coal-bearing Kushtaka Formation on Charlotte Ridge, north of Bering Lake. tg 60 fecet (18 m) thick at the top and base of the lower unit and Tocally forms a third bed a few feet (m) thick near Major faults along Redwood and Chilkat Creeks are indicated by discordant structural trends and by stratigraphic Galeodea cf. 6. trituberculata (Weaver) ------------ X 4049 1 ASCEPS (L04) =mmmmmmmmeeeee— e Near mouth of Abandoned; tocls lost? Shows of ofl
The contact of the Tokun with the overlying Katalla Formation is sharp, through apparently conformable, at most the middile of the unit. On the ridge west of Redwood Creek, the lower unit includes several beds of glauconitic sand- evidence. The attitude of the fault planes and, at places, the location of the faults are uncertain. No exposures of Molophorus aff. M. anglonana (Anderson) =--------e- Chilkat Crask-— 1904  650: (198.22) d and gas.
places in the hills south of Bering Lake. It is drawn at the change from predominantly silty beds to the sandstone of :!_:0:&, :me with a maximum thickness of 40 feet (12 m). Only a few tMr_n beds of glauconitic sa_ndstnne were r'mted on the Redwood fault plane were seen, but the trace of the fault at the head of Redwood Creek valley and the stratigraphic i 4 16796 12 ASCEPS (105) i 1904 BOO: (2442 #;
the Split Creek Sandstone Member. Judging from the description and field notes of Martin, the same relation also pre- ichawak. Mountain, and none were seen on Mount Campbell. No glauconitic sandstone was found in the member in the ridge relations of the rocks on either side of it indicate that it dips west and is downthrown on the west side. This inter- Molophorus cf. M. dalli Andersen and Martin -------- X 15343 - B 2 e Sh""’d"'l‘l“'l?“‘“ 384 nok Lastad for
vails on the ridge between Lake Charlotte and Kushtaka Lake, north of the map area. At both Gandil Mountain and sast of (Ehtikat; Creek. pretation is supported also by evidence of relative left-lateral movement along three east-trending faults that intersect Siphonalia aff. presmeren
Nichawak Mountain the contact between the Tokun and Katalla Formations is gradational and not so sharply defined as . . N . R the Redwood fault and cross the ridge to the west. Other smaller faults with the same trend as the Redwood fault, some 2iphonalia aff. 5 hicarinats Dickerson --e------oe- X 4316 2 ASC&PS (108) —--=m----=w-—-—-—-- Mitcher Creek ---- 1904 1,000¢ (3052) d Show of ofl; not tested for production.
farther west because the Split Creek, the basal member of the Katalla Forma Orgianic shale unit.--A black shaly unit, the "organic shale" described by Taliaferro (1932, p. 772-774), was mapped with the west side relatively up and others with the west side relatively down, were mapped to the east of Redwood Creek. Turcicula col 1/
P tion, is more silty. Because of complex d : ¢ ¥ Jurcicula columbiana Dall X T 16~ Alaska Petroleum & Coal Co. 3
structure and poor exposures, the probable Tokun strata on Nichawak Mountain could not be differentiated on the geologic and prov'isionally designated as a member of the Katalla Formation in the preliminary report on the area south of Bering The Chilkat fault is thought to dip steeply to the west, with the relative movement of the west side either up or south, 3z(r) (112) e Near Katalla -—-- 1904 1,500 " d
- map. t::equm \l,;1e;n:n:tg:I;?;:;p;$:Si)ateThelb}ack shaleh\;tas not f:u::eeast Efta faul: ?:‘gl;lg Eh;]:ﬂt Cr:ekb:n Ehiﬁ ?reg, altl;oggh or both up and south. The abrupt and even scarp? facing the Katalla River Valley on the west and the Bering River on Turcicula sp. (wide apical angle) --- X 15407 # 13002 (457.52) bandoned
< i i : . L 3 rval is presumably presen re. Later wor cate at the black shale is variable thi he possibili iller Hills 1 long thei ins. 15 Cla Cunnd, m_— = =
= Q The Tokun Formation consists predominantly of concretionary siltstone with a lesser and variable amount of inter- in its 11ithologic character and also in its stratigraphic position relative to the top and bottom of the sequence here R ool o hiwwicliagSivsidsomiinswiusie botlnded by THulEs @ g. eir east and uest., e . Turritella aff. T. lompocensis Arnold X 15356 ¥anies; Gunninghien:1 :(106) Hear Polnc Hey 7504 Quaternary unconsolidated -~  Abandoned at shallow depth.
=] '3 $ bedded sandstone. In Gandil Mountain and the type area north and northeast of Bering Lake, the formation has an upper included| in the Burls Creek Shale Member. At some places it occurs at more than one horizon, and at others it is absent _ Gandil Mountain, Nichawak Mountain, and Mount Campbell constitute a structural unit in which the grain of folding — 16  Clarence Cunningham 2 (107) =mmemmom pm B o s A s .
— Y . part that is almost wholly siltstone, and a lower part (base not recognized) that is siltstone containing numerous thin or not markedly different from the prevailing dark siltstone of the upper part of the Burls Creek. is uniformly northeast. The lowlands between these three northeast-trending ridges may lie along faults, but if so, lurritells cf. T. uvasana stewarti (Merriam) ------- X | 404 o b G TEhRE AYEEe] Rundves
H g < interbeds and some thick beds of sandstone. Thick sandstone beds, presumably of the lower part of the formation, are . . " i e . . : . the displacement along them probably is not large. The folds in Gandil Mountain are relatively broad, plunge southwest, Whitneyella cf. W. gabbi (Dickerson) --- 12
+ l exposed along the west side of Redwood Bay near Point Hey. The siltstone is medium to dark gray and massive and weathers hﬂ"?"‘ most of the Don Miller Hills the'medium- to light-gray siltstone and associated glauconitic sandstone making and are offset by a northwest-dipping thrust fault that cuts across the fold axes at a low oblique angle (section F-F'). S e i 8 1548 Alatin Peteelaum b Goul. Cosa Katalls Formatione-—--....  Abandoned st depth probably excesding
=] into small angular fragments of irregular shape. Lighter gray brown-weathering calcareous siltstone and silty limestone '-'g t E f',m"‘ unit of the Burls Creek are overlain by the organic shale unit. This unit, with a maximum total thickness The falds in the main part of Nichawak Mountain are more tightly compressed and more closely spaced than those in Gandil Whitneyella Tincolnensis (Van Winkle) =-=s=ssemmmamas " 4315, 15346 Fear Fatalle s 03000 (o= = 1,500 fr (457.5 m).
8 ““:" ﬁ Ecc:r‘ within the darker siltstone as thin beds and discontinuous lenses. Spherical to oblate spheroidal concretions of ?nc?ﬁdinr;e:lillgi?i):sigglu:ﬁz :ad::oign f?ﬁ: E;ﬁtggtﬁgfm%h:rh?or: o; I;lac?t:rg:"lhcxu;. ;‘ock,1predor::r;antlydc::ystone but Mountain (section G'GI?"‘ The fold axes plunge southwest near the southwest end of the mountain but farther northeast Whitneyella cf. N. olympicensis (Durham) ) 18/ Rathbn weld (101) ~—meeeee Vaat: ahore: af
ard medium- to dark-gray limestone, from an inch (2.5 cm) to 2 or 3 feet (.6 to 1 m) in largest dimension, are distrib- : u . < acx snale W e underlying glauconitic sandstone or are about horizontal. The isolated hill at the southwest end of Nichawak Mountain consists of a broad syncline and et B, alympicensis (Durham) —----=seeae H 15346 Beri ~og = 5 .
p::’. o i et o B i O v B Ty b Ml thter{gray than]the sﬂgswne, s 10, fu8 Gt éigh;erh-cllﬂored siltstone is sharp; the contact with the prevailingly dark-?ray siltstone of the upper unit of the Burls narrower anticline whose axes plunge about 40° southwest. In Nichawak Mountain several vertical or steeply dipping Mhitneyella cf. W. pittsburgensis (Durha Ve 19036 1,702 (518.52) Eocene, Tokun(?) Formation  Abandoned; small flow of gas im 1945.
8 ceous, finely banded, and brown weathering. The dominant grain size is commonly near the boundary between very fine reek Shale Member is gradational over an interval ranging from a few feet (m) to as much as 100 feet (30 m). transverse faults with variable strikes intersect fold axes at angles ranging from low oblique to nearly perpendicular. Dihere’s of. 8. pittsburgensis (Durha) -cowsseme A 435 19 Mesks Pecroleus & Coal Co. 5 Mear Katalla
o sand and coarse silt. A maximum thickness of about 180 feet (55 m) of the organic shale unit is exposed at the north margin of the iso- The i?:l:lctur]g Db:dfhlimt ';-ahmhef!qdistﬁﬂr:m ex and not well lmow:- Ithis Emb:bl;ir a snutl_-ﬁst-dipp;ng :c]:mcline with some Whitneyella cf. W. sinuata aragoensis Turner ----s-- x | 4040 " R Tmmmmmmm Slough m—--—- 1907 1,600 (488)  Katalla Forwation Abandoned .
= . . . ) . lated hill at the southwest end of Nichawak Mountain. The contact with the dark siltstone of repecition o s in tight folds that are in part overturned southeast and with possibly considerable repetition of L 2027 Alagka Coal 01l Co. 1 (115) =--- = i
a stomﬂua:gng}?x::::e he‘ﬁ 4 ::e:e:tattgreq peobles ware rtaoted in the Tokun Formation. Thin beds of glauconitic sand- Creek is gradational at this locality; the lower contact with the lighter siltstone nftthe ]ué:eu:?:e;fuzgz 3:,2%5:;15 beds on the northwest flank by faulting (section H-H'). Most of the mountain consists of massive siltstone without : o) ML cEoE S Tough 1911-17 1,040 (317.2)  Orea Grous(?) Abandoned. Shows of ofl und gus ut
g Sipok, qnd 51 vi:in?t:.lof ;::111; Lak:an -size grains of glauconite, occur in the upper part of the Tokun at several Shale Member {s concealed. distinctive or persistent beds. The dip, where it can be determined, is extremely variable, and sedimentary features T 192 (2L80H W
* : i - . indicative of bedding tops are scarce. A fault dipping steeply to the west was observed along several streams on the o BRE: LOR + 2 (116) === —emme——-dp-——oee - 272 (83) 4 o T
The section exposed From Point Hey riorthward along the west shure of Redwood Bay 15 Somewh —— The organic shale unit is notably incompetent and at many places is strongly contorted and sheared, breaking down northwest slope of Mount Campbell. 222 '
consists largely of light- to dark-gra; Fiise o mediu?hgrained banded feldspathic sgndstone in::rg:;';:gs aﬁf‘lnthiinbeds into small, irregularly shaped fragments that have shiny, slickensided surfaces and resemble coal. Where undisturbed, MankaConl 011 00w BN s iimsmimagpismoss S5 SOET6,0) do
F;mtﬂﬂﬁf;:ﬁ%ﬁg" of gray sandy shale and shaly sandstone. The sandstone is similar in general appearance to the Split Creek Sandstone f'z‘essm])'et;szm::::vf 20:1)6?;;@?“. ti?sm"? ooyt s "‘3“3 'Ie:::cu'lartor gb1itelsph$roid:‘and f‘::ging ::‘omkanhinch UNCONSOLIDATED DEPOSITS 23 Asalgamated Development Co. (4) Katalla fleld --- 1912 690 (210.4%) Katalla Formation 011 between 400 and 500 fe (
Member of the Katalla Formation, but it contains a larger proportion of siltstone and thin-bedded sandstone and lacks ] 4 Argast DIMENSION . Ars: cOmpn. 111 LI 4hd 8 UhIx: Sample o1 partiy. Neatnene ack shale o T S5 ey 7 i
; tP_)e mottled sandstone that is cltbaracter'istic of the Split Creek. The massive sandstones of the Point Hey area are ﬁ:llecteddfrgﬂ anungtcr?%:u near tlfle Junction of the_east and west forks of Burls Creek contains 5.1 percent total organic A var_‘iet_v of Holocene glacial, g]aciofluvi@'l, fluvial, and shoreline deposits occur within ttle mapped area. Their 24 Analgamated Development Co. (5) - 152.5 =); produced 1912-33.
lighter in color, as a rule, and contain a larger proportion of feldspar. o i ut 0.8 gallon of o0il per ton (analysis by W. W. Brannock, U. S. Geological Survey, Jan. 9, 1945). The distribution and physical characteristics are given by Kachadoorian (1960). Only the more extensive unconsolidated : Trmenedermome= 1912 1,000¢ (3052) do 011 at 650 and 800 fc (198.2 and 244
Crabs predominate in fossil collections from the Tokun Formation. Most of the crabs are in concretions in th 8 SE St puliroph Emis § Sraky bdir of petrolelm wien Strick WITH 3 howmar. depasits have: been delineatad on tRis map. 2/ m}; produced 1912-22,
upper part; the mollusks are mainly in thin beds or lenses of calcareou: sandstone in :h: l;‘:‘e;{’] p::: 1nnth;nv1cl13nit_y Black shale, much like that exposed in the Don Miller Hills, crops out at many places in the vicinity of the oil R e e e AR loce (30,58) do Absndoned, tools lost
B s of Point Hey. The most abundant fossil in the upper part of the Tokun is the large crab Branchioplax washingtoniana seeps at the southwest end of Mount Campbel] and also along the northwest flank of the mountain. This shale is believed T 26 Amalgamated Developuent Co. (7) =——---==do=-nnn ' "
D20 ror e Rathbun, many specimens of which have been found enclosed in spherical or ellipsoidal concretions, beautifully preserved to-occur st wo' or Nors hortzony in'the Gurls Cresk-Shale-Nanber. 011 and gas seeps were discovered in the Katalla district about 1896, and active exploration for petroleum began TABLE 3.-- . ’ T SR, ’ o -; 30: ity e AN
. x s 1912-33,
Iaji;d with the slender appendages still attached. Known occurrences of this crab in the Katalla district, with one possi- A'Imr_:g the east fork of Redwood Creek and the west fork of Burls Creek the light-gray to black siltstone of the shortly after that (Martin, 1921, p. 11-34). The locations of wells drilled for 0il and all known seeps in the area are 17 Mexianaarad Dovelopment C5;' (B) <ccsccd produced 1912-33
ang E;ﬁ;gg::g:; :r‘? }g th; Ig:m Fo;ma:'lo?é Th? 0:1)! ?thfr cra:s known from %het;okun a!'l'e Portunites :Iaske?sis Rathbun low:r :mt ﬁ“d the organic shale unit of the Burls Creek Shale Member contain tabular and irregularly shaped masses of shown on the geologic map. Data for the wells are given in table 4. Selected pel from the and Redwood Katalla Formation l T P L G ’ o ar =k UL EaLay 700 000
u us Rathbun. Portunites alaskensis is much more common in the overlying Katalla Formation, and an rock tha't show some intrusive relations to the enclosing sediments but consist wholly or in large part of fragmental = . - Formation fr (213.5 and 244 m); produced briefy
identical or similar species of Raninoides occurs in the Eocene Stillwater Formation north of Bering Lake volcanic. material. The largest of these is an irre i i In 1902, the second of two wells drilled near the Katalla discovery seeps struck oil at a depth of 366 feet (112 m) s
N - gularly shaped body in black siltstone on the west fork of Burls B : : : S o Katalla i Burls Creek Shale Member :
Creek, albout : ! ’ i etween 1902 and 1931, 28 wells were drilled in the Katalla field (inset map), and 16 wells were drilled at nearby loca- ' R 28 St. Elfas 0l Co. (9) do 9 2 -
fnary majp (M‘iilllElling.loghg':s.a?gzg}tgﬁtﬂgzgﬁi:;ew::{-‘-g:h:ne:;;:t;g:kéf I::?u::: :’r‘oa"w"::sagi,‘:::'i':;:: dhgggi::nt:$yp:§llic“.‘_ t!ltms in the district. In the period 1902 through 1933, the Katalla field produced about 154,000 bb] of r:'araffin{hasg identifications and stratigraphic ranges. £ 5 ) P nEe e Aneon c;:;:o!::uuss . m"f,,;:)f‘ 630,
v _ ) the lack of alteration of the country rock at the contacts, and other nonigneous features were noted. Later study of AILWTEh & graviny o7 S14C" S [atus ity dedths Pabond frow 380 fa )70 et (110 to 534 m). The oil accumulation 58, [ei " i T ;s
—_D;_eceased. The pulghcation in 'Its_present form was pre[_]ared by George Plafker, R. G. Tysdal, and G. R. Winkler from thin sec'tions showed that some parts of the supposed intrusive body consisted of angu‘lar fragments of sedimentary and ::stE?K:t {1aa;g$1n§t!: ragt:;e gqrosﬂ:g ::ln'a _T;g;t f‘one C:tt"'g steeply dipping, we]ltindurated sandstone and siltstone (Identifications by F. Stearns MacNeil) s u: ...E :" el 8 29 St, Eltas 01l Co, (109) ===m—mm
E;;L;T:::;_g :::ugﬁn:;:; 'I:n;edp:;:s by Miller, Rossman, and Hickcox (1945) and Miller (1957, 1961), and from Miller's :l:lcanl;:u rnclt:s_mbedded 1: the country rm:kl (the black shale) or cemented by calcite. In other parts of the body, how- 1962, the Iaﬁchfiel d U}Inéorpnrraﬁu:nn;rﬁigd ;:0 dry :x:'llma-at:):; xﬁ:o{ﬁdtﬁgemigagle?ﬁ?E? f::sthae{:e]?ﬁca:::dlzg]t::d § | S E% =5 ES ﬁ £ Lioid L) do Abandoned, caving. Small smounts of
: CYers the Ratrix sppears, to consIst of basaTeic glass, Some of the tabular bodics of volcanic material ave Ceurly eq  S1Tuvial flats vest of Bering River (uell no.'45). penetrated 6,175 reet (1883 ) of Tokun and Kushtaka(2) strata: the p (3] 2Ee o byl 5|2 Lo L Lim ciin e
to represent fragmental material deposited with the enclosing sediments. During later folding larger masses like the e Ay .2 i wdge of:xhe hills niav The outiss:of bering Lakv' yetll ndo 0], pepsteated.o 013 eet i A3 H 2 AR 260, 250, 460, and 0 fe" (79.3
; e i . 1836 m) of the Katalla and Tokun Formations. Both holes were drilled into complex faulted t ith 5 o|552|53al5c2| 5|5 A gl b co R
. . . one exposed on the west fork of Burls Creek acted as competent “knots” around which the enclosing sediments flowed, and ( = complex faulted structures with steep to £ | € = lane lnrs 88.4, 140.3, and 463.6 a),
the nl;:e?o;}u?:zi::gﬂa%zealgk:;e?i):?tig:e:;sv:};:g:ti:lelrgi;:zii::::::?l‘ w;::rgasgzgllgzi:de:c:?;:goge::ﬁﬂ:: l‘ngs‘:?th both the large and small bodies at places were shattered and injected into the enclosing sedimengar_v rocks along frac- averturisd. fecding. PIELECYPODA: '4': 2 'E»EEE et A U.S. Geological Survey fossil locality number; 0 St. Elias Ol Co- ()====-—- Katalls Fleld ——= 1918 1,130 (344.6) d 011 at 490 and 590 to 1
s collected by Miller and identified hy.F. 5. MacNeil are listed in table Zy Mollusks co'l1ectgd by earlier workers -iny tures in a manner analogous to the formation of sandstone dikes. Fluid igneous material may have later invaded some of On the basis of the stratigraphic units in which most of the oil seeps and other indications of petroleum are found, ~ £ |81 5|8 & & 3| & location shown on geologic map. and 180 z:naos .)fos..'off ;;u{:::‘i
- the map area generally are not specifically identifiable,or their locatim-'ns SridanbbRel - Fa di ti Tusk the larger bodies. Several dikes of light-gray medium-grained sandstone, ranging in thickness from 1 to 4 inches (2.5 the most probable source beds are the carbonaceous shaly parts of the Katalla Formation. Sandstone within the Katalla Acila cf. A. hamiltonensis Clark ] 15385 475 fr (115.9 and 144.9 @m); produced
) o have baen found in the upper part of the Tgkun and of thass, only Turcicuts columbisns Dl ‘;:E:'ar:g:":s‘; Z?;if?f s to 10 cm), were found in the Burls Creek in the ridge between Chilkat Creek and the Bering River. Formation as well as the sandstone and conglomerate of the overlying Redwood Formation are the most favorable potential - 1918-33.
g HO cally identifiable and possibly indicative of the age of these beds. Among the other remains of mggafossﬂs found. 1 : 2 reservoirs. Most of the outcrop samples, however, have fairly low porosity and permeability, mainly because of a fine- fcla cf. 4. shmard} (Dal1) ----- K| 05946y 15399;7 16351 4338 Sl 4 1918 903 (2715.4) do 011 at 330, 430
,8 2 .ﬂ' beds tentatively or definitely correlated with the Tokun Formation is an echinoid (Linthia? sp.}, an apparently unde- Uppier unit.--The upper unit of the Burls Creek Shale Member consists of dark-gray commonly sandy massive to platy grained matrix of silt, primary and authigenic phyllosilicates, and carbonate. 01l seepages from the Tokun Formation Calyptogena n. sp. 1 % X 13012, aad 183 )7 produced 191833
(] 'E scribed species of starfish, and shark teeth. S pe ¥ siltstone interbedded with varying proportions of fine-grained sandstone in the Don Miller Hills, in the isolated hill outcrop area could be due to juxtaposition of the older rocks over the Katalla Formation by faulting. Outcrop samples o T, 00 RO 10 T n St. Eltas 011 Co. (13) d 1918-1 ) et _'
o ado X S and vk gt iferal £ btained - 5 vty Tob at the §|ou::yes§ :nd o; i.‘lhchawak LMounta'ln% e]n?d in Mount (é:mpbel]. l:nm:reﬁans are raﬂla. altgoughllight-gray limestone ?ftTOKUE sandsw:e are generally compositionally and texturally immature. They appear to have poor reservoir character- Calyptogena n. sp. 2 % 4436, 15385, 15397 =19 900 (274.5) d 0“)“ 635 and 770 fr (193.7 and 234.8
g . r and poorly preserved foraminiferal fauna ol ned from the middle and upper part o e Tokun Formation occurs in thin beds and lenses. Lenses o mestone containing a coquina of broken pelecypod shells are a character- istics because they are compacted and are tightly cemented with zeolite, carbonate, ¢ 3d authigenic siiica. Anticlinal m), gas at 637 fe (194.3 m); produced
= - 5 e includes species of Cyclammina, Haplophragmoides, and probably Trochammina, and other badly deformed arenaceous speci- istic feature of the upper part of the Burls Creek. The sandstone for the most part is in.thin beds, gray or brown, and structures exposed in the map area have proved to be either inaccessible or too small and complex to justify exploratory Cardits {(Cyclocardia) ff. L. (C.) hannibali (Clark) * 15370 3 i
w"""""“'w o 2] mens not identifiable even to genera. ew pyritized diatoms were found in the samples. much of ‘it shows closely spaced, even banding. drilling to date. Because of the structural complexity and scarcity of good reservoir sands, it is unlikely that large Cardium aff. C. a1a5kensis C1ark —cemcoommmomocn y S 8E- Eliah DAL Loy (14) o 1919-20 2,265 (690.8) d Abidomits whiova-of ol wid ean
— .u_ The molluscan fauna of the Tokun Formation indicates a correlation with the late Eocene “Tejon" stage and the The contact of the Burls Creek with the overlying strata is rather sharply defined by the transition from a predom- accumulations of petroleum occur in the map area although it is entirely possible that small commercial deposits may be - 3% Chilkat 06l Co. (16) =mmmmmmmnm Katalla Field --— 1920 07 (225,77 I e
probable early Oligocene Keasey Stage of the Pacific Coast standard section (MWeaver and others, 1944). The gastropod inantly 'silty to a predominantly sandy sequence at most places in the western part of the Don Miller Hills, at the south- BYEsent, Lhione of. C; Securls AlaskEns1s, Clapk: mezmomnmmerr X 15374 ' +7%) MHigcene andfor) Oligocene, 04l sc 365, 510, and 740 fr (IL1.3,
w 3 P i 9 PO ~ e y seq pa Katalla Formacion 155.6 d 215
g o Turcicula columbiana, from near the top of the formation, is a common form in the Keasey Formation and in other beds in west end of Nichawak Mountain, and in Mount Campbell. In the valley of Burls Creek, however, the contact is gradational S Clinocardium sp. X 1892 Tog0dar 20T Wi preduced
T =] uq.': “ s b E{ashlngt?n a.:g][}rggon that are included in the Keasey Stage of the standard section and that are regarded by most West and is arbitrarily drawn at the transition from predominantly silty sediments to interbedded sandstone and siltstone. REFERENCE 2 N v ) on G0 Gk .
" < asyy  ™ith dense gray to brown sandstone; oast paleontologists as latest Eocene and earliest Dligocene. The crab Branchioplax washingtoniana, which is charac- The it of the Burls Creek Shal i about 480 f 145 hi : Addi W y : R Crenella cf. C. porterensis Weaver ------------e-ee X 15356 : do Produced 1920-33.
- many of the sandstone beds sre teristic of the he T : ¥ upper unit o e Burls Cree e Menb_ er is abou eet ( m) thick in the type section at the head of icott, W. 0., and Plafker, George, 1971, Paleocene mollusks from the Gulf of Alaska Tertiary province: a significant 36 Chilk 1 Co. i
4 99 O oK S N o e ene (oowiits Fovmlion) sa,  thewest fork of Burls Creck bt sppears ta thicken westiard to at lasst 2,600 feet {610 m) in the vicintty of the new occurrence on the North Pacific rim: U.S. Geol. Survey Prof. Paper 750-B, p. B4B-B5Z. Hyalopecten (Delectopecten) =-r-smrrmmsessmemnses X x| x 15381, 1533, 15394 o o o G0 = W Lo () ¢ Produced 1921-31.
: r : A g Katalla oil field and pro y thickens eastward also in the valley of Burls Creek. It is about 1, eet (305 m) thick . - . 37 Chilkat 041 Co. (19) d = "
.o g R Eﬂlﬁn?é"ﬁ?i é:?;'ﬁ&ﬁ:"iggf(b}:m? . Tk s Soin T s Crab ooy Tnhe Orca Group of in the hill at the southwest end of Nichawak Mountain and possibly as thick as 1,750 feet (535 m) in Mount Campbell. Brown, R. W., 1946, Fossil egg capsules of chimroid fishes: dJour. Paleontology, v. 20, p. 261-266. Lims cf. L. twinensis Durham =-=-sse-ssnmmcsoneaes x 15373 38 ° gt -l Produced 1922-33.
Q ’ : ’ . Durham, J. W., 1950, Cenozoic marine climates of the Pacific coast: Geol. Soc. America Bull., v. 61, no. 11, p. 1243- CRATEAELOR1. G KAL) o 1922 1,202 (365.6) d
L] o The marine origin of the Tokun Formation is demonstrated by the fossil remains of marine organisms, mainly mollusks Age ’ ’ ’ ISR Tk Lucina cf. L. hannibali, (Clark) -----=-o--=-ocecoee X 4312, 14436, 15403, 15883, 15035 ' ’ Froduced 1942-93,
bl @ o O i t 1 J org s s 39 Chilkat 011 Co. (21) d
— 1000 Fost echinoids, and crabs, that are found throughout the formation. Such genera as Ficopsis, Turritella, and Pitar, which ; Macoma sp. X 1893 e 1922 1,751 (534) de Produced 1922-31.
't_!i' 'S o ‘E,' occur in the formation outside the map area, are generally regarded as indicating tropical to warm temperate water Fossils are relatively rare and poorly preserved in the Katalla Formation, except for the crabs in concretions of Ha""ahc'knl' ﬁryagi_‘}ﬁ j" HewtEss R. Loy bamehy Gy £oy-dnd Kazzard, d. Doy 1995 sediogy of_the Bontrdlier Sty faghon. 40 cChilkae 011 Co. (22) do 19237 1,280 (380 o
= - Black organic shale; contains (Durham, 1950, p. 1248, 1249, 1254). The gastropod genus Conus, which was collected from "...near the end of Point Hey" the Basin Creek Member. Dall (in Martin, 1908, p. 39) prefaced each of his reports on the early collections with remarks ¢ A M nguthlsuei "eg‘?;'tcc"mp“edff"‘” the Stﬂ"d?'d 0i1 Company of California, the Tide Water Associated 011 Mya salmonensis Clark A | 4318, 15349, 15796 X (3%0.8) do == Produced 19237-33,
o | o o 380°  some round and lens-shaped (Martin, 1908, p. 30), is now mainly tropical in distribution with only a few species known in warm temperate water. on the poor state of preservation of the fossils, and Taliaferro (1932, p. 781-782) noted the scarcity of fossils in the ompany, and the Union 011 Company of California, 133 p., 51 pls. 4 Chilkac oil Co. (23) d 1925 1,160 (35 d
9+ 3 ® SO Bapastition unden GUIGE Botta Cosdieions belaw tha Towar TAMIL of ordinary wave sction 1% stggested be bt wastive oo Katalla IFornation as compared to heds of approxisately the same age 1n the Yakataga district. The scarcity of idantifi Jeletzky, J. A., 1954, Tertiary rocks of the Hesquiat-Nootk t coast of Vancouver Island, BRitish Coluib Senocardiun cf. K. lorenzanum (Arnold) ------------ X 15635 80 e ° it 4
. = | t ) ¢ h i t. 2 S - » A ry r - a area, west coast of Vancouver Island, British Columbia: d
% 5 ‘? cretionary Sutstane a?d by the thin, persistent beds of uniformly banded fine-grained sandstone. The character of the ahll(e fos:susf1s reflecte:“;n the uncertainty that has existed as to the age and stratigraphic position of the units that Canada Geol. Survey Paper 53-17. Nemocardium weaveri (Anderson and Martin) =-------- X x| x 15357, 15362, 15367 to 15369, 15372, 15374, 15378 e i 1925-26 2,350 (716.8) d Abandoned .
o 80 o bedding and the general fineness of the sediment indicate deposition well seaward from the surf zone on a continental make up ‘t ormation. Among the age-diagnostic megafussﬂs collected from the Katalla Formation, pelecypods and gastro- i ; i 4y 15398, 15815, 15818, 15829 3 43 Chilkat 041 Co. (25) =wm==mm --~ Mear Katalla Fi. x =
H | & wn Gray, partly sandy shals with some shelf of sufficiently low gradient to preclude introduction of coarse clasts by mass-flow processes. The abundance of pods are most abundant in number of specimens and variety of species. H. E. Vokes made a preliminary study of the mol- mm‘;"f‘;ﬁ;"’"‘ Reubany 1400, Emyineering geology of -the atally eveay Mlusias  UsSy Geol: Surwey Misu: Seols Inv.: Bap 1 e el e aeaE 200s @S - Abkndanads) BiGH oF ks
O|loyw 180y 1o lora-shaped calcareous, well-preserved remains of crabs in calcareous concretions, coupled with the absence or scarcity of these or other kinds lusks collected during the 1944 and 1945 field seasons. F. S. Mackeil later restudied all of the mollusks in the U. S. : Hucylana. aff. X, merriani (Bickerson) & | 199 9. Al Gul Bysdicare
o ..é .:; = ,,“h,""“'“?""”" of fossils irfn the enclosing noncalcareous sediment, is characteristic of the massive concretionary siltstone of the Geu1]ug1cia1 Survey's collections from the Katalla district, making tentative identifications of selected species, which Martin, G. C., 1905, The petroleum fields of the Pacific coast of Alaska, with an account of the Bering River coal Nuculana cf. N. washingtonensis (Weaver) ---------- X 15343 i Hbchimval; Mauatels. (£330 180 a8 do === Abandoned
| e he Tokun, as well as the Basin Creek Member of the Katalla Formation. Selective preservation of crabs are listed in tables 2 and 3. deposits: U.S. Geol. Survey Bull. 250, 64 = 45 -
500 - o | == upper part‘u t : ; : C pre 'y s p. Richfield 0Ll Corp. =—-===m -—~ East side Bering
- H o] = O e siralintty 15 Selienes S0 bedue to peaace uf o Jotel Mka e taviraion’ I SSNSe EE S IO SRMER SIS The: distinctive crab " Eumorphocorystes" naselensis Rathbun occurs abundantly in the "cannomball" concretions of 1908, Geology and mineral resources of the Controller Bay region, Alaska: U.S. Geol. Survey Bull. 335, 141 p. fandora cf. . smshingtonensis Weaver: -eo-oocoo-o=- X 15401 River ~—-----em 1961 6,175 (1,803.4) o Bey and sbandensd.
o a H S EE==—o 220 " aicareous concretions prttafiensizptide d bbb Mgt they diment Y 4 P the Basin Creek Member and seems to be restricted to this member and beds of equivalent age in the Katalla district. 1921 limi I : . Pecten sp. - % | 15827 6 Richfield 011 Corp. ==-mmmmm-nm Near outlast of
- = 0 O| EE== P pore-water in sediment. At some localities as many as half of the concretions that intai i 1921, Preliminary report on petroleun in'Alaskd: U.S. Geol. Survey Bull. 719, 83 p. 55 toke
¥ o 1y ncretions that were broken open were found to contain well-preserved speci- Bering Lake ——— 1961-62 6,019  (1,835.8) d bind
- 8 own Katalla Formation mens of this crab. A species of swimming crab Portunites alaskensis Rathbun and the pelecypods Nemocardium weaveri Miller, D. J., 1951, Geology and oil possibilities of the Katalla district, Alaska: U.S. Geol. Survey open-file report, Ehiresqens n; spy/1 X 15399 ' T Pey and *
- = w1 s Grajcpardty sandy shale with mary % i e (Anderson and Martin) and Pitar sp. aff. P. dalli {Weaver) are most common in, but not restricted to, the Basin Creek. 66 p. Phreagena n. sp. 2 i X 15399
- e Kata i i i i ; . s 5 % ;R
[ Sterions; sy fivasalle " sei1Eg“;t;::k“gﬁgﬂﬁ;‘egﬁz‘gﬁ By MafLin CIO0B, 0. T30 08 ctoantitite Bade ol ssvdstiie The: Burls Creek Shale Member is characterized by one or more species of a mud pecten Hyalopecten (Delectopecten) 1961, Geology of the Katalla district, Gulf of Alaska Tertiary province, Alaska: U.S. Geol. Survey open-file T T T e— . e Dol x| assen: 1osasits Ssante ieanss nanst; iovss; iesar i
- - - limestone, conglomerate, and volcanic ash * * * typicaily exposed in the region to the northeast ?:: iﬁ:i::hiﬁ?‘:ﬁ‘tﬁf deggimge:hgelae?ﬁdsrﬁ o gener?1:1‘“' phopsis?, Phreagena, Calyptogena, and Solemya (Acharax). map, June 2, 1961, 2 sheets. I 15372, 15377, 15789, 15800, 15801, 15815 to 15819 ~ Outslde area of the geologic map.
L 8 é P ] at of Kat:l;:. :]o??ggge ban;qofzghgokagﬂlg Rivege:ndhin the raﬂg? of hills So th? southe?ss;. T Gastropods are conspic:oﬂsly :carce o zolqec:m?::l;mu:he ;u:!l::s:r::kthe Basin Creek Member, rarely contain fossils. Miller, D. J., Rossman, D. Li. and Hickcox, C. A., 1945, Preliminary report on petroleum possibilities in the Katalla pitar sp X 4318 5ot located on sap.
—0 n a later repor rtin . p- 24, 27-30, escri the sequence in greater detail as including five Titholegic . area, Alaska: U.S. Geol. Survey Prelim. Rept., 18 p. —
(] 3 :
units with a total thickness of 6,500 feet. Taliaferro (1932, p. 772-776) restricted the name Katalla Formation to the In addition to the mollusks and crabs, the megafauna of the Katalla Formation includes a few poorly preserved speci- . s Pleurophopsis? n. sp. X x 431 1
ﬁ g qu lower three units of Martin and proposed the name Redwood Formation for the upper two units. Geologists investigating mens of starfish, a possible coral, shark vertebrac and teeth, and fish-scale impressions. The eg; cas“: cp:f a chimmp$d Plafk::. 'ffﬁ;ﬁe‘ 19167'1?283)03{1); wap: of the Gulfiof Rlasks Tertinry province, AMleska:. 1.5, Gecl, SurvayMisc. Gsol. dnv. * % TSR, R
j g the II‘l(atal'la district on behalf of 0il companies (Hanna and others, unpublished report, 1938) recognized three formations :1::. ?ne of th$ few Icnu:n in the fossil record, was found in the Split Creek Sandstone Member (Brown, 1946), and carbon- P 3 SLEIR MUY Pseudamusium? aff. P. vanwinkleae (Clark) ==--=-s-n X 4321
shale snd sandy shale with beds in the area south of Bering Lake and considered the upper part of the Katalla Formation of Martin to be in fault contact zed plant remains are abundant. 1971, Pacific margin Tertiary basin, in Future petroleum provinces of North America: Am. Assoc. Petroleum
H Vo SIS ggge  Of gray finergrained sandstone with, and older than, bed igned by Martin to the 1 f hi la F mi Geologis = B ) . Solemya (Acharax) cfy §. (A} dalil Clark -o-oooeme i 15837
=) in thickness from 1. to 30 L) er than, beds assigned by Martin to the lower part of his Katalla Formation. In a preliminary report, F. S. MacNeil, after making a study of all Katalla nollusks in the U. S. Geolegical § 1 . BOIQERER O ol g b - L
nd sbout 10 feet Miller, Rossman, and Hickcox {1945) provisionally divided the Katalla Formation of Martin into seven members, adopti : 7o 29 urvey collections, concluded o . )
ﬁ (_"3 'T' ﬁ and averaging in part the definitions and nimes grgpnsed by Ta*iaferrs (1932) and by Hanna and othe:;?unpuhlished report, 1938|;. ngs gzztsﬁgﬁiﬁ:ﬂ;: Formation is of Oligocene age and suggested the following tentative age assignment and correlation for P"ilfkg:,ggeorge. 1974, Preliminary geologic map of Kayak and Wingham Islands, Alaska: U.S. Geol. Survey open-file map Solemyn (Achsrax) sp. 4 X 4436, 15833
o a result of later work in the Katalla district, it is now considered desirable to assign the lowest of these members to ’ i Solena cf. 5. eugenensis (Clark) --=--eesmescmumees X 4318, 15349, 15351, 15354, 15386, 15788, 15800, 15816
(=l the underlying Tokun Formation and to consider the coarse clastic facies of the highest member and part of the under- "The Split Creek Sandstone Member is approximately middle and possibly lower Lincoln (middle Plafker, George, and MacNeil, F. 5., 1966, Stratigraphic significance of Tertiary fossils from the Orca Group i
- > i A c » ge, PRLE T s p in the | spisula aff. S. pittsburgensis Clark ----mm-mem-ee-
N lying member as two members of a separate formation, the Redwood Formation. In this report three members of the Katalla Oligocene) in age. It may be equivalent in part to the lowest part of the Poul Creek Formation Prince William Sound region, in Geological Survey research 1966: U.S5. Geol. Survey Prof. Paper 550-B, p. B62-B68. Spisula aff. 5. pittsburgensis Clark X 415, 8435,,15383,, 15045, 19348; 1538, 71 5381, "JaT96,
2 Formation are defined and d, i ding order, as follows: 1) Split Creek Sandstone Member; 2) Basin Creek or it may all be slightly older. The Basin Creek Member i bably 1 : o . : 4 e R
,2 5 Thin-bedded glauconitic sandstone Menbee: and 3) Burls Creek Shals Rabar: Wobinai EAts] thFeknens of S Ciatiin 1s shenk 5,155'fegt ??5; m;‘,!e Table 1 0ligocene) and possigly ipper Lincoln (m?dﬁurﬁﬂgoﬁene? i 2;2_"’ The ﬁ?flﬂﬁ;ﬁﬂs’hﬂ:‘ﬁemhe, Rathbun, M. J., 1926, The fossil stalk-eyed Crustacea of the Pacific slope of North America: U.5. Natl. Mus. Bull. 138. Thracia cf. T. trapezoides Conrad ----------nnnecee X 4326
—_— 1:; :mum-um " shows the relations of the redefined Katalla Formation to the stratigraphic subdivisions used in earlier published and is of late? Oligocene age." Taliaferro, N. L., 1932, Geology of the Yakataga, Katalla, and Nichawak districts, Alaska: Geol. Soc. America Bull., Thasi f. 1. bisecta (Conrad) X X 15035
assive coarse-grained, brownish-gray unpublished reports. " i " ; v. 43, p. 749-782, Ahvasiva cf. 1. BISECER (CONPAK) mocsesocomeomossse 3
@ o The crab "Eumorphocorystes" naselensis Rathbun, according to H. B. Stenzel (undated written commun., circa 1945), is a
=] Split Creek Sandstone Member specialized form and 15 regarded as a reliable guide fossil. This species, which is characteristic of the Basin Creek Warren, W. C., Norbisrath, Hans, Grivetti, R. M., and Brown, S. P., 1945, Preliminary geologic map and brief description Yoldia aff. ¥. akanensis Uozumi =s------------omoem | X 1893, 1894
3 n Gray and graaish ray medium-o _ ) Member of the Katalla Formation, has been reported from unnamed beds assigned to the Lincoln Stage on Vancouver Island of the coal fields of King County, Washington: U.S. Geol. Survey. Yoldia chehalensis Armold ——-m-smssmmmemmmmecnm-—- X 1893, 1894
@ ) T Taliaferro (1932, p. 772-773) named and defined the Split Creek Shale and Sandstone Member as a shale unit and ;\r{:‘ﬁz:l’-dws“i]» Iﬂlﬂﬂge}j“e !ﬂsﬁl E“‘ET‘ in southwestern Washington (Weaver, 1942, p. 558), and from the Keasey Shale Weaver, C. E., 1942, Paleontology of the marine Tertiary formations of Oregon and Washington: Wash. [State] Univ. Pub. I
" 8 g;::lgiggszzng:t::e Witt heeh OSNERt witing the lMumts maibar oL, :h:hﬁtzl:«: Farel e, Scte Incluce tﬁgégwest i At tlgﬁqgaser Stage or lower part of the Lincoln Stage in northwestern Oregon (Warren and in Geol., v. 5, pts. 1, 2, 3, 789 p., illus. [1943) ’ Yoldia sp. aff. Y. montereyensis Dall ------------- X 433
X e area south of Bering n this member, espon units h and i rtin ¥ ' H ) . ) Y 4 i .\ .
g :; o 13 Massive and banded brown p. 24). The Katalla Formation in the map area is correlated with the lower and middle parts of the Katalla Formation west HEEVE;I;EE%CE'I; ‘l"]'d othe;;. 194;69&;;?]“10" of the marine Cenozoic formations of western North America: Geol. Soc. Yoldia aff. Y. thraciafomis Storer ----------==-- X i
" ..% 3 ) L ey sanatons Miller, Rossman, and Hickcox {1945, p. 8-9) restricted Taliaferro's name to the upper (sandstome) unit and accord- ?;1“;: Kat?;}:)mve:h;nhth? Sugklll'inﬁ H1:15 EH‘:]'Ier, 1961) and with the Katalla Formation of Kayak and Wingham Islands ull., v. 93, p. =098, —
Massive coarse-grained brownish.gray ingly renamed it the Split Creek Sandstone Member. The underlying shale unit was considered an unnamed shale member afker, on asis of both paleontological and lithological evidence. Vokes, H. E., Myers, D. A., and Hoover, Linn, Jr., 1954, Geology of the west-central border area of the Willamette
a 9 120 sendutone wilh Hght eray spots tituting the lowest member of the Katalla Formati Valley, Oregon: U.S. Geol. S i1 and Ga
= (Spotied sandstone) constituting the lowes r o e Katalla Formation. . alley, Oregon: .S. Geol. Survey 0il an s Inv. Map OM-150.
H = 10" Gresnish-gray sandsione In this report, Miller, Rossman, and Hickcox' (1945) restricted usa d --Spli - Dipasictans) emvizonmant
» v ' ge and name--Split Creek Sandstone Member
© 2 are retained, but the base of the Katalla is raised to coincide with the base of this member. The underlying shale unit Thin evenly bedded fine- to medium-grained sandstone units of the Sp1it Creek Sandstone Member, together with their
o 240° Massive and thin-bedded sandstone is reassigned to the underlying Tokun Formation as its uppermost member because the lithology more closely resembles the associated marine invertebrate fauna, are interpreted as evidence of deposition in relatively shallow but quiet water.
— gross lithology of the Tokun than that of the Katalla. ?achioheveg fluvial environments may be represented by some of the massive mottled arkosic sandstones of this member,
'El-i- The Split Creek Sandstone Member is well exposed in the valley of Split Creek and is typically developed at the or similar beds are associated ‘f"th coal in t‘je Kushi‘;aka Formtion in the northern part of the Katalla district. TABLE 1.--Inferred relation of formation and member subdivisions proposed for Tertiary sequence exposed in the Don Miller Hills
) uulmwm‘ mi&wﬁ head of the creek. The member is exposed extensively elsewhere in the hills south of Bering Lake, in the vicinity of The massive concretionary siltstone and fine-grained muddy sandstone of the Basin Creek and Burls Creek members *
1 sandstone with 8 It Lake Tokun., in Gandil Mountain, and in the northeastern part of Nichawak Mountain. The member is a prominent ridge- \yeredpr?babll;y ergsn:d ‘ig deeger mar1|:|!e \E‘ate:s and under quiet bottom conditions. Intermittent mafic submarine volcan-
former between more easily eroded silty sequences of the underlying Tokun Formation and overlying middle part of the ism during Basin Creek and much of Burls Creek time is indicated by the abundance of water-laid pyroclastic material
& y seq ying ying P py T
Katalla Formation. interbedded with the clastic sediments of the Basin Creek and lower part of the Burls Creek. The environmental signif-
H i sy icance of the crab-bearing concretions, so abundant in the Basin Creek, was discussed in the section on the Tokun Enrma- This report Hllery I.tnssma“’ and Riskces Hanna and others,
The Split Creek Sandstome Member is 1,000 feet (305 m) thick in the type section measured at the head of Split tion. The black, highly organic siltstone and shale of the Burls Creek was formed in closed basins with restricted preliminary report (1945) unpublished report (1938) Taliaferro (1932) Martin (1908)
Dark-gray miceceous sandy shale with (}EEEek. ingotTd‘ne;?g est;l;;ted fmmhmggh ;?ﬁurem??%s mage_on th? mag gsof;o"‘ St;';gt“‘i'ei“i:wg:- d:‘;“ﬁ‘?shfm:“ ;g“"t ; bottom circulation and foul bottom waters that retarded or prevented destruction of organic matter before burial. The = 3F
iy Imm,mu areata s eet ( to m) in the Don er Hills and is at leas eet ( m) in the Gandil-Nichawa untain %Eite-heari?g glal.]llconitic sandstones are also indicative of restricted circulation. A depth of considerably more than & ] Puffy Shale with g Congl a
: : fathoms (183 m) at times during deposition of the Basin Creek and Burls Creek members of the Katalla F 5| utly Shale with con- } § oug onerdte. ay
beds thicker and more e a Formation is ]
% "5; numerous near top The chief rocks in the Split Creek Sandstone Member are massive thick-bedded medium- to coarse-grained brownish- suggested by the occurrence of the vesicomyacid pelecypod genera Phreagena and Calyptogena; 1iving representatives of ] Puffy Member Puffy Member =L H glomerate lenses T Puffy Shale conglomeratic
= Q gray sandstone and evenly banded fine- to medium-grained thin-bedded gray to brown sandstone. The bands are formed by the latter genus have been dredged at depths ranging from 183 to 680 fathoms (335 to Igﬂ m). A sparse foraminiferal £ 7 & £ Member . sandstones inter-
= w cancentrations of dark grains, principally biotite, with or without carbonized plant remains, along bedding planes. fauna recovered from the more silty rocks of the Katalla Formation is considered by Ruth Todd to indicate deposition in L o Puffy Conglomerate c bedded with shale
g & Locally this type of sandstone is conspicuously crossbedded. Much of the massive hrownish-gray]sar;dstnm]a_is mtﬁ'led moderately deep water, ranging possibly from 50 to 500 fathoms (90 to 915 m). - g o » and sandstone T
with 1ight-gray spots one-eighth to half an inch in diameter in which the matrix mineral commonly is zeolite. This 2 no'g )
" i i h Redwood Formation 24 e 8
o o mottled sandstone, called "spotted sandstone" in the field, is a reliable indicator of this member in the areas sout Redwood Formation g & 3
i jcini Ni ain. Both 7 i ; S 24 =
= oco hmbﬂ"uammmum :: B:;!“E Lakg ::d 1&32:‘1";2:‘:12&22 ::tecm:egur'!:c?utﬁm:?g::g: Tﬁ?::] t:m;:t*;i;:ng:d g:::::knt‘h:zgrt: felde The Redwood Formation was named by Taliaferro (1932, p. 774-776) for a clastic marine sequence roughly 4,500 feet E andstone member Point Hey Sandstone BE5 & Point Hey Sandstone b Point Hey Sand- b i
S 320 e e iaad cn e “d-b:ntit in ot sin] e algite g:d ﬁh‘ S aee cogstitutes from 10 10 40 percent of several (1370 m) thick that overlies the Katalla Formation. Taliaferro recognized two units within the formation, a Tower member Member Sva g | stone Member > TH4RE] Smmitoce
sandstone spar, an otite, par, mainly ’ ' 9 ' consisting predominantly of sandstone with subordinate interbedded siltstone, which he named the Point Hey Sandstone Interbed T U
selected specimens of the member. Member, and a er memb his Puffy Shale Membe fi bedded i i ¢ |t} i ad g
o In the ridge south of Bering Lake and west of Bering River, the Split Creek Sandstone Member includes at lgast two glomere:tic. t:u:pgonglm:;;, :ndusaﬁdston:. Therﬁ;gun;:tlggmtianm::s;.;:i::ﬁ;oggvg;ozélt::gnie};?azx:;s;g :?;:gut'z; rRer A c ::2;;::: = :._a, Point Hey Shale £ o
H thin beds of massive dark-green sandstone in which hornblende is a conspicuous constituent. Along the Bering River crest of the r_-1dge between Puffy and Redwood Creeks. The predominantly sandstone sequence exposed in the vicinity of Burls = - ] Soft shale with
200° Dark-gray micaceous platy shale about a third of a mile (.5 km) north of the abandoned village of Chf'lkat. 10 feet (3 m) or more of fossiliferous pebble Pomi_: Hely, which was previogsly thought to be younger than the Burls Creek Shale Member of the Katalla Formation, is now Creek | Organic shale b 2 B = calcareous con— .
conglomerate, apparently a lens, occurs about 400 feet (120 m) stratigraphically below the top of the member. Scattered considered on the basis of its micro- and megafauna to be at least in part equivalent to the Tokun Formation. Accord- g oo i E| Organic shale member o srie Ynoek g Lg cretions and with
o b il pebbles and thin, lenticular beds of pebble conglomerate were seen in the member at a few t_)ther places in the district. mgl_y. it is sl_'mm as Tokun and probable Tokun on the geologic map; usage of the name "Point Hey Sandstone Member" as Es Shale untt s A - Shale Member E * bed of glauconitie o n I e r
muum-:mh-hm- In the Don Miller Hills the Split Creek Sandstone Member contains only a minor amount of siltstone, mainly gray sandy a time-rock unit should be discontinued. Thus, Taliaferro's nomenclature is followed herein except that the name of the 5 | Member bt b & Cannon-ball Shale o S sandstone near .
mh&m::#:%u siltstone, as thin partings between beds of massive sandstone or thin interbeds with flne—graineg :gded sagsii:nr:e. ?t lower unit is changed from Point Hey Sandstone Member to the sandsione member. o Lower unit % |Burls Creek Shale Member g 2 © base
———— perhaps i i ntervals " . Lo
G} Ratn ottcrops mpped s Sl Crsk e largel s, Bt s s Jor, 1 106 SIS AICALS 1o A5 e head ofpufy Cresk i the B Miler W1, the sandsons pnbr of e fthod formation i 40 o - : . § £ ;
. 2 T g i - i - i i A —
Wi S equal amoics ot o1 45tone M- ndgrlying Si1ty unit of tyteal Tokun Titholoay vs nosed at 3 few places (0 e et Riaond Creek and Burss Creek v the ntated iT1 3t the Southwsst ond o 5| sastn creck sember || 3| Basin creec member || £ £ | sastn crock tncerbessea || 5 :
m]eartthg I;Grthzastdend of ¥1Eh“?:k “‘:"".lta‘g' Ths::;ﬂty ;ocﬁc::‘lﬂge"“';i:: delineated, however, because they are com- Nichawak Mountain the sandstone member includes about 400 feet (12 m) of gray and brownish-gray fine- to medium-grained 3 A sandstone and shale pe| M
plexly deformed and concealed extensively by vegetation and g Pastiss sandstone. The unit is well exposed along several creeks at the swtheast margin of Mount Campbell, where it consists 3 g
T ; ?Tﬂghi(}:k units of sandstone alternating with thinner units of sandy siltstone with a total thickness of about 500 feet e o
Membe: ). Split Creek Sandstone Split Creek Sandstone i Spli =
N : " " i plit Creek Sandstone Split Creek h. Sandstone
i i ilts Ba§1" Creeﬁ"_mihused‘ﬁy Ha?ng a?d gthe;s (unp:l;?:l;ed tr:po:‘t. IQHAh:nrolnE::?ﬁdgﬁ:ll:ag:f:::n&:l:u::ah The Puffy Member of the Redwood Formation is made up of about 50 percent massive siltstone, mudstone, and claystone, Member Member 28 4 Shale and
{mainly siltstone) exposed in the valley of Basin Creek, constituting the lower member ] 30 percernt conglomeratic mudstone and conglomerate, and about 20 percent sandstone in the type area. The conglomeratic LERre] b=
Miller, Rossman, and Hickcox (1945, p. 7, 9-10) first published the name Basin Creek Member and assigned it to the beds, which characterize the Puffy Member, show complete gradation from true conglomerate in which the coarse clasts o 2 3 Saudstome
K"ﬁ'”“ ;"E““"E"“E' ak"s‘t‘ge :Etﬂ'i'e‘l ilr_ltthi: :E‘tmh;t. (;nly ithi 1‘;“‘{]‘”;: O: th: g;::i:e?u]-e;:pme: "ihgxggg;g }‘;r:l:.'ﬁg predominate and are in contact with one another to conglomeratic mudstone or sandstone in which the coarse clasts are “e 2 Rember
valley of Basin Creek, the type locality, bu member is typically developed an n 3 : ; ; ¢ N
the divide between the valleys of Split Creek, Redwood Creek, and Burls Creek. A section measured on this ridge is ﬁftﬁgﬁ.ﬂdlﬁ E!;esﬂ;:;z:&es;millzr";:tpgg: lge; g:g:;:g.m “r‘i;t;ec;a::?r;:;edg;?:g?:nﬂ;:g 2ifzge??:§t“ge;gtr,§}?ys}igma?dtgrg Tokun Formation, Upper part Unnamed shale member ol Split Creek Shale . Soft shale
inches (:2.5 to 7.5 cm), with a few clasts exceeding 6 inches (15 cm) in diameter. No large angul’ar boulders or striated



