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EXPLORATION OF NAVAL PETROLEUM RESERVE NO. 4 AND ADJACENT AREAS, NORTHERN ALASKA, 1944-53 

THE PALEOZOIC SECTION IN THE SHAININ LAKE AREA, CENTRAL BROOKS RANGE, ALASKA 

By ARTHUR L. BOWSHER and J. THOMAS DUTRO, JR. 

The 7,500-8,000-foot-thick Paleozoic section exposed in the 
Shainin Lake area, central Brooks Range, northern Alaska, 
is divided into 5 formations, 4 of which have not been described 
before. The 3,300-foot-thick, probably nonmarine, Kanayut 
conglomerate (new name), of Late Devonian age, overlies an 
unnamed shale and sandstone, also of Late Devonian age. 
Massive lower and middle members of the Kanayut conglomerate 
are 1,400 and 1,030 feet thick, respectively. The upper, 860- 
foot-thick, Stuver member (revised name), consists of alternating 
beds of shale, orthoquartzitic sandstone, and orthoquartzitic 
conglomerate. 

The overlying Kayak shale (new name), 960 feet thick, con- 
sist& of black shale with a quartaose sandstone member a t  the 
base and argillaceous-limestone beds, which contain early 
Mississippian fossils, in the upper part. 

The Lisburne group (revised name), about 2,200 feet of 
fossiliferous bioclastic limestone and dolomite, is composed of 2 
formations. The Wachsmuth limestone (new name), the lower 
1,230 feet of the Lisburne, is predominantly cherty limestone and 
dolomite with some shale. Early Mississippian corals, echino- 
derms, bryozoans, and brachiopods occur sporadically through- 
out. The Alapah limestone (new name), the upper 970 feet of 
the Lisburne, is limestone with some chert and is characterized 
by late Mississippian lithostrotionoid corals and Qiganto- 
productus. 

Topmost beds of the Lisburne group are covered by high-level 
gravel deposits; the contact with overlying Permian or Triassic 
rocks is not exposed. Structurally the area is characterized by 
imbricate thrust faulting and high-angle reverse faulting. 
Mississippian rocks apparently represent platform-type deposi- 
tion in an east-trending late Paleozoic seaway. 

INTRODUCTION AND ACKNOWLEDGMENTS 

During a part of the summer of 1949 the authors 
measured stratigraphic sections of Paleozoic rocks 
exposed in the Shainin Lake area, Brooks Range, 
northern Alaska (pl. 1 and fig. 1). The main objective 
of the field work, a part of the exploration program of 
Naval Petroleum Reserve No. 4 in northern Alaska by 
the U. S. Geological Survey, was to obtain detailed 
stratigraphic and paleontologic information about the 
Mississippian rocks. 

Rock descriptions and graphic stratigraphic sections 
of upper Paleozoic formations that have not been de- 
scribed before (fig. 2) are presented. Locations of 

measured sections are plotted on the geologic sketch 
map (pl. 2 ) ;  lines of traverse for sections A, D, F, H, 
I, J, and K are shown on plate 1, and graphic sections 
of all the formations are shown on plates 3,4, 5, and 6. 
Type sections, except for the Kayak shale, are com- 
posites of two or more measured sections as indicated 
on the plates. 

Although few paleontologic data are presented, the 
authors wish to acknowledge the help of Helen Duncan 
and Mackenzie Gordon, Jr., who are studying the late 
Paleozoic corals and cephalopods collected in the 
Brooks Range province. Certain of their preliminary 
identifications are used as faunal-zone guides, and their 
discussions concerning general correlations have been 
very helpful. 

Some of the information relating to the Kanayut 
conglomerate and the Kayak shale, obtained by us in 
1949, was incorporated in a dissertation submitted by 
Dutro in partial fulfillment of requirements for an ad- 
vanced degree.l 

GEOLOGIC SETTING 

The Shainin Lake area is located in a belt of imbricate 
thrust faulting at the north front of the central Brooks 
Range (pl. 2 ) .  Sections A, Dl F, G, H, I, J, and K 
were measured in the same fault plate. Sections B, 
C, and E are in other fault plates to the south. 

The Mississippian rocks apparently represent plat- 
form-type deposition in an east-trending late Paleozoic 
seaway. Probable nonmarine deposition in latest 
Devonian time was succeeded in early Mississippian 
time by deposition of marine sand, clay, and argillaceous 
limestone. Predominantly carbonate sediments ac- 
cumulated during the remainder of Mississippian time. 
(See fig. 2.) Differences in texture, composition, and 
structure of these carbonate rocks reflect minor changes 
in depositional conditions and minor fluctuations in 
source areas. Significant interruptions of sedimenta- 
tion are indicated by disconformities a t  the base and 
top of the Wachsmuth limestone. 

1 1962, Stratigraphy and paleontology of the Noatak and associated formations, 
Brooks Range, Alaska: YaleUniv., unpublisheddoctoral thesis, 209p., 18 pls., 135gs. 

1 



EXPLORATION OF NAVAL PETROLEUM RESERVE NO. 4, ALASKA, 1944-53 

0 0 0 

f. 



THE PALEOZOIC SECTION IN THE SHAININ LAKE AREA 3 

c o n g l o m e r a t e  

Feet 

r 

STRATIGRAPHY 

HISTORY OF STRATIGRAPHIC NOMENCLATURE 

Paleozoic rocks in this area were first described in 
1902 by Frank C. Schrader (fig. 3). Although the 
b t  name applied to the Carboniferous rocks was 
Fickett series, this term later was found to be in- 
applicable and was abandoned (Smith and Mertie, 
1930, p. 149). Schrader (1902, p. 241-243) used the 
name Lisburne formation for a limestone unit exposed 
in the upper Anaktuvuk River valley. He noted here 
and later (1904, p. 62-66) that the Lisburne formation 
might be correlated with a similar limestone and shale 
section at Cape Lisburne, the geographic feature from 
which the name was taken. Although the limestone 
was first thought to be Devonian in age, critical 
evaluation by G. H. Girty of new fossil collections 
resulted in the assignment of a Mississippian age 
(Collier, 1906, p. 22-26). For more than 40 years 
the name Lisburne formation (later modified to Lis- 
burne limestone) was applied, for all practical purposes, 
to any limestone of Mississippian age. 

Schrader (1902, p. 240) gave the name Stuver 
series to a conglomeratic sequence beneath his Lis- 
burne formation in the central Brooks Range. Al- 

though the name Stuver later fell into disuse (Smith 
and Mertie, 1930, p. 155)) it is here reestablished and 
applied to the top member of the Kanayut. conglomer- 
ate. 

Philip S. Smith (1913, p. 69-75) proposed the name 
Noatak sandstone for dominantly clastic strata which 
underlie the Lisburne limestone in the central Noatak 
River valley. Smith and Mertie (1930, p. 151-168) 
redefined the Noatak formation to include all clastic 
rocks of early Mississippian age in northern Alaska. 
In practice, this included rocks here designated as the 
Kanayut conglomerate (including the Stuver member) 
and the Kayak shale, as well as the Noatak sandstone 
of the type area. 

The names Noatak formation and Lisburne limestone 
were in use when t.he Geological Survey, as part of the 
investigations in northern Alaska,. began a series of 
detailed studies of Paleozoic rocks in 1949 (Payne and 
others, 1952). By that time both names had taken 
on a time-stratigraphic meaning which, while useful 
for broad reconnaissance mapping, was inappropi~iate 
for detailed mapping in any limited area. 

NEW AND REVISED STRATIGRAPHIC NAMES 

The Lisburne limestone is herein raised in rank to 
Lisburne group, the name Stuver is reestablished and 
redefined, and four new names of formational rank are 
proposed. The Kanayut conglomerate (new name) 
and the Kayak shale (new name) comprise rocks 
previously referred to as the Noatak formation (Smith 
and Mertie, 1930; and Payne and others, 1952). 
Dutro suggests, on the basis of his field work in the 
type area of the Noatak formation in 1950, that the 
name for this nonmarine sandstone is not appropriate 
for use in the Shainin Lake area. 

A new name, Kanayut conglomerate, is proposed for 
conglomerate, sandstone, and shale of Late Devonian 
age whose type locality is on the ridge south of Mount 
Wachsmuth (pl. 1). Three members are recognized in 
this formation in its type locality. The two members 
in the lower part are informally named the lower 
member and the middle conglomerate member. The 
name Stuver member, originally Stuver series, is in 
this revised description restricted to the upper part of 
the Kanayut conglomerate as these beds most closely 
resemble those exposed on Mount Stuver (approximate 
lat 68'12' N., long 151°91' W.) from which Schrader 
took the name. The type locality of the Stuver mem- 
ber is on the ridge just south of Mount Wachsmuth 
(pl. 1). The thicknesses of these members are shown 
in figure 4. The name Kanayut is taken from the 
Kanayut River, which originates at  the north end of 
Shainin Lake. 
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FIGURE 3.-Development of stratigraphic nomenclature of Mississippian and Devonian rocks in northern Alaska. 

A new name, Kayak shale, is proposed for sand- 
stone, shale, and limestone of early Mississippian age 
with type locality on the south slope of Mount Wach- 
smuth. The name is taken from Kayak Creek, which 
joins Alapah Creek south of Shainin Lake (pl. 2). 
Five members with informal! names are recognized in 
the Kayak shale at its type locality. The thicknesses 
of these members are shown in figure 4. 

The formations described below are present3 in the 
type area of the Lisburne formation of ~Ehrader (1902)) 
which is here raised to the rank of group. 

A new name, Wachsmuth limestone, is proposed for 
early Mississippian limestone and dolomite, overlying 
the Kayak shale, in the lower part of the Lisburne 
group. The name is taken from Mount Wachsmuth, 
the type locality of this formation (pls. 1, 2). Four 
members with informal names are recognized in the 
Wachsmuth limestone at its type locality on Mount 
Wachsmuth. The thicknesses of the members are 
shown in figure 4. 

A new name, Alapah limestone, is proposed for the 
late Mississippian limestone, shale, and dolomite which 
disconformably overlie the Wachsmuth limestone and 
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An incomplete section of shale and sandstone more 
than 1,600 feet thick lies at the base of the Shainin 
Lake thrust plate, 4.8 miles east of the camp on Shainin 
Lake (pl. 2). The lower 400 feet, in which Upper 
Devonian marine fossils are present, is correlated in 
part with the Upper Devonian rocks, described by 
Smith and Mertie (1930, p. 140-146), along the Killik 
and John Rivers. Schrader apparent,ly included these 
rocks in his Fickett series (1904, p. 67-72). These 
shales and sandstones, overlain by conglomerate beds 
of the lower member of the Kanayut conglomerate, 
weather to smoother textured physiographic features 
than does the conglomerate. The nature of the contact 
between the two formations is unknown. 
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Ihawz 4.-Qeneralized stratigraphic section of Paleozcic rocm in the Shainin Lake area. 

the tributaries of the John River. No formal name is 
presented for the formation in this report. Although 
not measured in detail, a generalized description of 
these strata is given in section A and in figure 2. 

.KAN.Arn CONULOMEXUTE 

The Eanayut conglomerate, 3,300 feet of probable 
nonmarine conglomerate, sandstone, and shale, is 
typically exposed along the east side of Alapah Creek 
upstream from Shainin Lake (pl. 2). Lower parts of 
this formation make up the ridges on either side of 
Alapah Creek south of Block Mountain. This forma- 
tion is considered to be of Late Devonian age because 

I of the presence of lycopsid fragments ahd Archeopteris 
in the Stuver member at  the top of the formation. 

Three members are recognized: the lower member, 1 about 1,400 feet thick and apparently unfossiliferous; 
the 1,030-foot-thick middle conglomerate member, com- 
posed of unfossiliferous massive chert-pebble conglom- 
erate; and the Stuver member, at  the top, about 860 
feet of orthoquartzite, gray, red, and green shale, and 
conglomerate. The composite type section of the 
Kanayut conglomerate is described by sections B, C, 
and D. 

4 Identifications by J. M. Schopf, U. 8. Geological Survey, Columbus, Ohio, 1962. 
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CARBONIFEROUS ROCKS 

MISSISBIPPIAN SYBTEX 
KAYAK SHALE 

The approdmately 960 feet of marine 
black shale, argillaceous limestone, .nd sandstone, 
lies disconformably above the K a n a p t  conglomerate 
and is disco*ormably by the Wachsmuth 
limestone. Coral-echinoderm-bryozoan-brachiopod 

Of Mis'ssi~~ian age are present in' the 
upper part' This formation at the localit~ is 

Of members' In ascending Order they are 
the basal member' 130 feet thick; lower 
black shale member, 595 feet thick; argdlaceous lime- 
stone member, feet thick; upper member, 
140 feet thick; and red limestone member, 10-15 feet 
thick. Three faunal Zones are recog&ed in this forma- 
tion: the Scalailuba zone (see Shimer and Shrock, 

p' 234) 8 to the srndstone member ; 
the Le~taena andoga (Phillips) Zone (see Cooper1 1944, 
P. 3411 343) t in the arflaceous ~ ~ f o n e  and upper 

members; and the Captobhtua O' ~ u m  
(Meek and Worthen) 'One (see C1ioel p' 137): in 
the red limestone member. Section is the type 
tion for the formation. 

LISB URNE GROUP 

The Lisburne group consists of two formations in 
the Shainin Lake area: the Wachsmuth and the Alapah 
limestones, in ascending order. 

WACHSMUTH IXMJBTONE 

Limestone, dolomite, and chert are the Principal rock 
types in the 1,230-foot-thick Wachsmuth limestone of 
early Mississippian age. The formation is divided into 
four lithologic members, as shown on plate 5. These 
informally named members are, in ascending order, the 
shdy limestone member, 18 feet tGck; crinoidal lime- 
stone member, 179 feet thick; dolomite member, 564 
feet thick; and banded chert-limestone member, 429 
feet thick. Three distinctive faunal zones are present: 
the "Zaphrentis" konincki (sensu lato) Milne Edwards 
and Haime zone (see Milne Edwards and Haime, 1851, 
p. 331)) in the lower part; the Spirifer tenuicostatus Hall 
zone (see 1 9 1 4 2  p. 328-330), in the 
member; and the Brachythyris suborbicularis (Hall) zone 

we Weller, 1914, p. 374-376), in the banded chert- 
limestone member. Disconformities separate this for- 

from the Kayak and the 
limestone above. The composite type section is de- 
scribed by sections H and I. 

 AH LIMESTONE 

The Alapah limestone is a 970-foot-thick casbonate- 
rock sequence which overlies the Wachsmuth limestone. 

RESERVE NO. 4, ALASKA, 1944-53 

It contains zones of shale, chert, claatic limestone, 
silicified limestone, and oolitic limestone. Nine litho- 
logic members and seven faunal zones are recognized. 
These informally named members are, in ascending 
order, the shaly limestone member, 85 feet thick; dark 
limestone 175 feet thick; platy limestone 

18, feet thick; banded limestone member) z10 
feet thick; black chert-shale member, 38 feet thick; 
light-gray limestone member, 46 feet thick; fine-grained 
limestone member, 80 feet thick; chert-nodule member, 
go feet thi,.,k; and upper limestone member, 70 .feet 
thick. Lithostrotionoid corals, characteristic of the 
lower two-thirds of the unit, and productid brachiopods 
(Qiq.ntoprodUCtUS), in the upper part, indicate a prob- 
able late MiSBimippian age. Famd zones, from the base 
of the Natioopeia Emd Dawson 
Zone (see ~ ~ 1 1 ,  1929, p. 17&179), ~ , i t ~ ~ ~ ~ t ~ ~  a ~ .  
Ls dieurn (Yabe and Hayasaka) zone (see Yfi, 1933, 
p. 9&96), Eumet& costata (Hall) zone (see Weller, 
1914, p. 446-4471, S c ~ p ~ g ~ ~ u m  lamhad and 
~~h~~ zone (see and M ~ L ~ ~ ~ ~ ,  1950, p. 29- 
34), &?ZCati&s wen i s t~a  Phillips zone (see Gordon, Jr., 
1957, p. 42-45), Lithostrot&e,71a sp, (small rnraGtes) 
zone (see McLaren and Sutherland, 1949, p. 625-634), 
and c;;Santoproductus striato-sulcatus (Schwetzoff ) zone 
(see Sarycheva and Sokolskaya, 1952, p. 126). The 
type section of this formation is described by sections 
J and I(. 

STRATIGRAPHIC SECTIONS 

Each formation was considered separately and an 
attempt was made to find outcrops where a complete 
section was exposed. However, talus and structural 
complexities in area necessitated the description of 

sections for most formations. uninter- 
rupted succession of strata from the rniddle member 
of the Kanayut conglomerate to almost the top of the 
~ l ~ ~ ~ h  limeatone is present along the ridge south of 
M~~~~ wachsmuth and on Mount Wachsmuth itself 
(see 2). sections D, F, H, I, J, and I( are from 
this succession of strata. 

Most of the sections were measured with a 6-foot 
tape graduated in feet and tenths of feet. The authors 
realize that the precise thicknesses recorded are not 

over a great distance; these measure- 
ments are the most accurate that could be made in 
the line of traverse. Where significant, variations in 
thickness of beds in the vicinity of the traverse are 
discussed in the descriptions, and an average thickness 
is plotted in the sections, 

The Wentworth scale was used for textural termi- 
nology of the noncarbonate clastic rocks. In descrip- 
tions of clastic carbonate rocks, fine grained applies to 
rocks with an average grain size of 0.1 millimeter or 

- 
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less, medium grained applies to an average grain size 
of 0.1-1 millimeter, and coarse grained applies to rocks 
with most grains more than a millimeter in diameter; 
the same scale was used in describing the crystalline 
carbonate rocks. 

Color names conform with the National Research 
Council rock-color chart (Goddard and others, 1948). 

The exact positions a t  which all samples were col- 
lected are indicated in the reference list of fossil- 
collection and rock-sample numbers and on the graphic 
stratigraphic sections, although little detailed paleon- 
tologic information regarding them is given in this 
report. Fossil names in the written sections refer to 
field identifications by the authors. 

The stratigraphic sections are described from the 
top downward, and the units are numbered from the 
bottom upward. 

An asterisk (*) before a unit number in the written 
sections indicates that a fossil collection was made 
from the unit, and a double asterisk (**) indicates that 
a rock sample was taken. 

UNNAMED SHALE AND SANDSTONE-SECTION A 

Section A, in the unnamed shale and sandstone 
,(Upper Devonian), was measured along a single line 
of traverse on the east slope of a ridge 4.8 miles east of 
the Shainin Lake camp. The base of unit 1 of this 
formation is the base of a thrust plate (see pl. 2). The 
Alapah limestone, of which approximately 800 feet is 
exposed, lies directly beneath the thrust fault. I t  is 
not known how much of the lower part of the unnamed 
shale and sandstone has been eliminated by faulting. 
Also, the traverse was not completed to the base of 
the overlying Kanayut conglomerate. 

Section on ridge 4.8 miles east of Shainin Lake at la1 68°18'30'' N., 
long 160'47' W. (approximate) 

i[Examined by A. L. Bowsher, V. E. Shafnin, and J. H. Downs in 1950. Generalized 
section compiled by Rowsher from fleld notas and aerial photographs, all measure- 
ments approximate; loo8tion, pl. 21 

Cumzlhtioe thickness 
+e base of 
scetron (feet) 

Kanayut conglomerate: Lower member: Conglomerate. 
Estimated thickness (from aerial photographs) 1,400f 
feet. 

Unnamed shale and sandstone (incomplete) : 
14. Sandstone and shale, reddish-brown, thin- 

bedded; sandstone appears to predominate. 
Observed beyond end of traverse but not 
examined in detail. Thickness estimated- - 1,600 f 

**13. Sandstone, light-brownish-gray to medium- 
brownish-gray, fine- to medium-grained; sub- 
angular to subround clear and milky-white 
quarta grains, with minor amount of black 
chert and limonite grains; most beds weather 
medium gray; beds with much ferruginous 
cement weather dusky red; some orthoquartz- 
ite beds; sorting poor; argillaceous; some beds 
appear glauconitio; beds 0.2-3 ft thick---- - -  1, 400 

Cumuhtioe tlrkkncas 
above base of Unnamed shale and sandstone (incomplete)--Con. sation (fet) 

12. Shale, medium-gray, with thin beds of fine-grained 
quartzose sandstone. Mostly covered- - - - - - 1,220 

11. Sandstone, thin-bedded, similar to unit 13- - - - 1,190 
10. Shale, similar to unit 12 .................... 1,140 

** 9. Sandstone, light-olive-gray to light-brownish- 
gray; angular to subround grains; weathers 
light brown; most beds with predominantly 
clear quartz grains but some with abundant 
milky-white quartz grains; minor amount of 
black chert grains throughout, white chert 
grains in some beds; most beds thin and 
tabular, 2-8 mm in thickness, but range from 
2 mm to 2 ft in thickness; argillaceous; poor 
sorting--------------------------------- 1,030 

8. Shale, similar to unit 12. Mostly covered- - - - 1,000 
7. Sandstone, similar to unit 13, thin-bedded, shaly, 

but with shale bed 10-15 f t  thick in middle of 
unit------------------------------------  900 

6. Shale, similar to unit 12, but with lenticular 
sandstone beds and some thin, platy sandstone 
beds------------------------------------ 720 

** 5. Sandstone, medium- and light-brownish-gray, 
fine- to medium-grained; clear and milky-white 
quartz grains; most beds with some black chert 
grains; some beds calcareous(?), ferruginous, 
glauconitic(?) and weather dark reddish 
brown; Cyrtospirifer(?) common in some beds- 400 

4. Shale, with thin lenticular sandstone beds. 
Mostly covered . . . . . . . . . . . . . . . . . . . . . . . . . . .  350 

** 3. Sandstone and limestone; the sandstone is light 
brownish gray, medium grained, poorly sorted, 
weathers light brown, and is composed of 
angular to subround clear and milky-white 
quartz grains and a few yellowish-brown and 
black chert grains; the interbedded limestone 
occurs as light-brownish-gray very arenaceous 
ferruginous limestone, with clear and milky- 
white quartz grains and a few black chert 
grains; limestone weathers dusky red; Cyrto- 
spirijer(?) , Productella(?), Rhynchonella(?) , 
pelecypods, and orthoceratid cephalopods 
common in limestone beds - - - - - - - - - - - - - -  210 

2. Shale, medium-gray ; silt-size particles: quartzose, 
micaceous, kaolinitic, fissile; thin sandstone 
beds as in unit 3 . . . . . . . . . . . . . . . . . . . . . . . . .  180 

* ** 1. Shale, similar to unit 2, but highly folded and 
contorted; cut by many shear zones; inter- 
bedded sandstone with Cyrtospirifer(?) _ - - - - - 80 

Thickness of unnamed shale and sandstone- - 1,600f 
Thrust fault. 
Alapah limestone: Banded limestone member (incomplete) : 

Limestone, broken and contorted a t  top. 800 f t  or 
more exposed. 

KANAYUT CONGLOMERATE 

The authors were unable to measure the entire 
Kanayut conglomerate along a single line of traverse. 
Also, no suitable exposure was located for measure- 
ment of a detailed section in the lower member, which 
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is 1,400f feet thick; consequently no section is pre- 
sented for this member. The middle conglomerate 
member (section B) was measured along a single line of 
traverse where it is typically exposed 7 miles south of 
the Shainin Lake camp on Alapah Creek, and the 
lower part of the Stuver member (section C) was 
measured nearby. The type section of the Stuver 
member (section D) was measured a t  the type locality 
of the Kanayut conglomerate just south of Mount 
Wachsmuth; it directly overlies the middle conglom- 
erate member of the Kanayut and underlies the basal 
sandstone member of the Kayak shale. Relations 
among these sections are shown on plate 3. 

MIDDLE CONGLOMERATE MEMBER, KANAYUT CONGLOM- 
E R A T H E C T I O N  B 

Measurement of section B was begun in the lowest 
conglomerate beds of the middle conglomerate member. 
Conglomerate beds of the lower member, lying strati- 
graphically below this section, are incompletely exposed 
in the west wall of Alapah Creek and are covered by 
talus and gravel along the Aoor of the valley. Gravel 
and talus partly cover the upper beds of the middle 
conglomerate member and much of the overlying 
Stuver member. 

Section along east side of Alapah Creek, about 7.1 miles S. SO0 E. of 
'camp on Shainin Lake, at lat 68O14' N., long 160°47'80" W. 

(approximate) 

[Memured with hand level and tape by the authors and C. J. Qudim in 1949. Graphic 
section, pl. 3; location, pl. 21 

CumlLhtioc thickness 
&b&b?Zf 

Kanayut conglomerate: 
Stuver member: See stratigraphic section C. 
Middle conglomerate member: 

59. Covered; talus of blocks of conglomerate 
similar to top beds of this member a t  base 
of stratigraphic section C -------------- 1,026f 

58. Conglomerate, light- to medium-gray, with 
cobbles of gray and black chert in matrix 
of light-gray coarse-grained sandstone; 
massive beds as much as 2 f t  thick- -----  826. 0 

57. Conglomerate, light-gray, with cobbles of 
gray chert in coarse-grained medium-gray 
sandstone; less resistant than units above 
or below . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  816. 0 

56. Conglomerate, similar to unit 58, except that 
beds are 0.6-1.5 ft thick ---------------- 813. 0 

55. Conglomerate, light- to medium-gray; 15-20 
percent small, medium-size, and large 
pebbles of white, light-gray, grayish-black, 
and olive-gray chert scattered in a very 
coarse grained sandstone matrix; layers of 
small pebbles every 4 .to 8 f t  give banded 
appearance; pebbles form nearly 50 per- 
cent of a 2-foot-thick layer from 777 to 779 
feet; massive beds 4-8 f t  thick - - - - - - - - - -  803. 0 

54. Conglomerate, light-gray and reddish-brown, 
ferruginous; 50 percent white, light-gray, 
grayish-black, and olive-gray chert pebbles- 769. 0 

Kanayut conglomerate-Continued Cumulative thickneab 
above base of Middle conglomerate member-Continued seetion (feet) 

53. Conglomerate, light- to medium-gray; 15-20 
percent white, light-gray, grayish-black, 
and olive-gray chert pebbles; becomes 
coarser toward top- - - - - - - - - - - - - - - - - - - -  767. O 

52. Conglomerate, similar to unit 54, in massive 
beds; about 10 percent of coarse constitu- 
ents are small cobbles ------------------  759. O 

51. Conglomerate, similar to unit 54, with small 
to medium-size pebbles grading upward to 
50 percent small cobbles near top; cobbles 
and pebbles apparently derived from con- 
glomerate below unit 42 are present in this 
unit and downward through unit 42----- 719. (1 

50. Conglomerate, light- to medium-gray; 30 
percent pebbles and small cobbles of milky- 
white, medium-gray, dark-gray, mottled 
light- and dark-gray, yellowish-gray, and 
black chert; nonresistant - - - - - - - - - -_ - - - -  708. 0 

49. Covered; conglomerate talus - - - - - - - - - -_- - -  698. O 
48. Conglomerate, light- to medium-gray ; 10-40 

percent pebbles, similar to those in unit 50, 
concentrated in resistant bands; less re- 
sistant sandy zones interspersed between 
pebble bands . . . . . . . . . . . . . . . . . . . . . . . . .  688. O 

47. Conglomerate, medium-gray ; 50 percent 
large cobbles and small pebbles of milky- 
white, medium-dark-gray, and black chert 
in coarse sandstone matrix.. - - - - - - - - -_- -  677. 5 

46. Sandstone, medium-light-gray to light-olive- 
gray, medium-grained ------------------  670. 5 

45. Conglomerate, similar to unit 47 ----------  670. 1 
44. Sandstone, similar to unit 46- - - - - - - - - - - - -  669.6. 
43. Conglomerate, medium-gray; 25 percent 

medium-size to large pebbles and small 
cobbles of white, medium-dark-gray, and 
black chert in coarse sandstone matrix. 
Single massive bed forms rounded scarp 
face--------------------------------- 669.3 

42. Conglomerate, medium-gray; 15 percent 
medium-size pebbles of gray and black 
chert and some pebbles of sandstone; lith- 
ologically similar to units 39-41; cobbles 
and pebbles from units below this unit are 
present upward through unit 51 - - - - - - - - -  658. 3 

41. Sandstone, medium-light-gray to light-olive- 
gray, medium- to coarse-grained; thin, 
platy beds . . . . . . . . . . . . . . . . . . . . . . . . . . .  654. 3 

40. Sandstone, brownish-gray to light-olive- 
gray, medium- to coarse-grained; contains 
10 percent ferruginous grains; single mas- 
sive bed------------------------------ 654. 0 

I 39. Sandstone, similar to unit 40, but thin beds- 652. 5 
38. Conglomerate, medium- to yellowish-gray; 

1 70 percent small to medium-size pebbles 
of white, light-olive-gray, medium-gray, 
and grayish-black chert and white quartz- 
ite; some pebbles of silicified argillite and 

I siltstone; matrix is coarse-grained sand- 
stone; slightly crossbedded - - - - - - - - - - - - -  652. (B 
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Kanayut conglomerate-Continued Cumulative above base thickness of 

Middle conglomerate member-Continued section (feet) 
37. Conglomerate, similar to unit 38, but with 

some small and medium-size cobbles scat- 
tered throughout . . . . . . . . . . . . . . . . . . . . . .  639. 0 

36. Conglomerate, similar to unit 38, except 
that about 50 percent of the pebbles are 
of medium and large size; thin lenticular 
bed of coarse-grained olive-gray to medi- 
um-gray sandstone from 623 to 627.1 feet- 633. 0 

35. Covered-------------------------------- 619. 0 
34. Conglomerate, lithologically similar to unit 

38, with a very few cobbles scattered 
t h r o u g h o u t - - _ _ _ _ - - _ _ - - - - - - - - _ - - - - - - -  610. 0 

33. Conglomerate, similar to unit 34; about 15 
percent small cobbles - - - - - - - - - - - - - - - -  606. 0 

32. Conglomerate, medium- to yellowish-gray; 
70 percent medium-size to large pebbles 
of white, light-olive-gray, medium-gray, 
and grayish-black chert, quartzite, and 
silicified argillite; matrix is coarse sand- 
stone; massive beds 2-8 ft thick - - - - - - - - -  603. 0 

31. Covered-------------------------------- 570.0 
30. Conglomerate, 10 percent small to medium- 

size pebbles of light-gray, medium-gray, 
white, and yellowish-green chert in matrix 
of coarse-grained light-gray to light-yel- 
lowish-gray sandstone; percentage of peb- 
bles increases upward to about 40 at  top 
of unit . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  557. 0 

29. Conglomerate, 30 percent medium-size to 
large pebbles and 10 percent small cobbles 
of white, gray, black, light-yellowish- 
green, pale-brown, and dark-reddish- 
brown chert, and gray and greenish-gray 
quartzite in matrix of coarse to very 
coarse light-gray to light-yellowish-gray 
sandstone. This is typical of the litho- 
logic character of the lower part -of the 
middle conglomerate member of the Kan- 
ayut conglomerate . . . . . . . . . . . . . . . . . . . . .  549. 0 

28. Conglomerate, similar to unit 29; 40 percent 
medium-size to large pebbles ------------ 545. 0 

27. Conglomerate, similar to unit 29; 60 percent 
small to medium-size pebbles; thin 
bedded------------------------------- 523. 0 

26. Conglomerate, similar to unit 29; 15 percent 
small to medium-size pebbles; about 10 
percent light-brown ferruginous grains in 
matrix------------------------------- 516. 0 

25. Conglomerate, similar to unit 29; 30 percent 
medium-size to large pebbles in matrix 
ranging from very coarse sand to granule 
size---_------------------------------ 515. 0 

24. Conglomerate, similar to unit 29; 40 percent 
large cobbles . . . . . . . . . . . . . . . . . . . . . . . . . .  480. 0 

23. Conglomerate, similar to unit 29; 50 percent 
medium-size to large pebbles - - - - - - - - - - - -  477. 0 

22. Conglomerate, similar to unit 29; 90 percent 
medium-size to large pebbles ------------ 468. 0 

21. Conglomerate, similar to unit 29; 50 percent 
small and large cobbles of chert and 
appreciable percentages of vein quartz 

Kanayut conglomerate-Continued Cumulative thickness above base of 
Middle conglomerate member-Continued section (feet) 

20. Conglomerate, similar to unit 29; 80 percent 
small to medium-size pebbles and a few 
small cobbles; beds 1-4 f t  thick in lower 
12 ft, upper part massive ---------------  456.0 

19. Conglomerate, similar to unit 29; 20 percent 
small to medium-size pebbles in an 
orthoquartzite matrix - - - - - - - -__ - - - - - - - -  424. 5 

18. Conglomerate, similar to unit 29; 70 percent 
medium-size pebbles and scattered sub- 
angular cobbles alined parallel to bedding- 417. 5 

17. Conglomerate, similar to unit 29; 60 percent 
small cobbles near base; grades upward 
from large to small pebbles; poorly 
developed crossbedding in lower 10 ft---- 401. 5 

16. Conglomerate, similar to unit 29; 60 percent 
pebbles; grades upward from small to 
large cobbles; some dark-green and jet- 
black chert; cobbles are oblate spheroids 
with long axes parallel to bedding- - - - - - - 382. 5 

15. Conglomerate, similar to unit 29; 50-60 
percent small to large pebbles in matrix 
of very small pebbles and granules; cross- 
bedded . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  376.5 

14. Covered; beds probably conglomerate---- - - 368. 0 
13. Conglomerate, similar to unit 29; 30-40 

percent medium-size to large pebbles; 
4 massive beds . . . . . . . . . . . . . . . . . . . . . . . .  338.0 

12. Conglomerate, similar to unit 29; 30 percent 
small to medium-size pebbles; 2-ft zone of 
60 percent medium-size to large pebbles 
a t  top . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  313.0 

11. Conglomerate, similar to unit 29; 30 percent 
large pebbles; 3 massive beds -----------  296.0 

10. Conglomerate, similar to unit 29; 15 percent 
medium-size to large pebbles in matrix 
containing 50 percent ferruginous grains; 
weathers light brown to yellowish gray; 
thin beds 0.3-0.4 f t  thick --------------- 285. 0 

9. Conglomerate, similar to unit 29; 30-50 
percent small to large pebbles in medium- 
grained to coarse sandstone matrix con- 
taining 20 percent ferruginous grains; 
tabular, massive beds 6-16 f t  thick--- ---  281. 0 

8. Covered; beds probably conglomerate---- --  213.0 
7. Conglomerate, similar to unit 29; 50-75 

percent medium-size to large pebbles; 
3 massive beds . . . . . . . . . . . . . . . . . . . . . . .  197.0 

6. Covered; beds probably conglomerate_----- 181. 0 
5. Conglomerate, similar to unit 29; single 

massive bed- . . . . . . . . . . . . . . . . . . . . . . . . .  174.0 
4. Conglomerate, similar to unit 29; 25 percent 

small pebbles in friable thin-bedded sand- 
stone matrix . . . . . . . . . . . . . . . . . . . . . . . . . .  156.0 

3. Conglomerate, similar to unit 29; 60 percent 
medium-size to large pebbles, becomes 
more sandy in upper 9 ft; massive beds 
3 - 1 4 f t t h i c k - - - - - - - - - - - - - - - - - - - - - - - - -  145.5 

2. Covered; beds probably conglomerate--- - - - 75. 0 
1. Conglomerate, 60 percent medium-size to 

very large pebbles, becomes 25 percent 
small to medium-size pebbles in upper 

and greenish-gray quartzite cobbles------ 465. 0 I part; light-gray, medium-gray, dark-gray, 
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Kanayut conglomerate-Continued ctcrntdaibe t k k h w n  h b o  
Middle conglomerate member-Continued section ~ a d J  

olive-gray, dark-reddish-brown (10R 3/4), 
grayish-purple (5P 4/2), and moderate-red 
(5R 514) chert, quartzite, and silicified 
limestone pebbles as coarse components; 
matrix of coarse-grained light-olive-gray 
(5Y 512) sandstone; massive, tabular beds 
8-10 ft thick; pebbles in upper beds 
oriented with long axes parallel to bed- 
ding. Unit is 55 f t  thick -------------- 55. 0 

Thickness of middle conglomerate mem- 
ber (section starts a t  or near the base 
of the middle conglomerate mem- 
ber)---------------------------  1 ,0263~  

STUVER MEMBER, KANAYOT CONQLOMERABECTION C 

Although most of the Stuver member is covered by 
talus where section B of the middle conglomerate mem- 
ber was measured, the lower part of it is exposed 
approximately 1 mile northwest above a cliff formed 
by the middle member. Here shale at  the base of the 
Stuver member rests with apparent conformity upon 
a massive conglomerate bed of the middle conglom- 
erate member. The upper part of the shale is cut by 
many shear zones and is highly contorted. A precip- 
itous cliff of the lower member of the Kanayut is a 
thrust plate on shale of the Stuver member. Strati- 
graphic section C is of the strata in the lower part of 
this shale. 

h y u t  conglomerate-Continued GUmuhdive above base thirkncss o 

Stuver member (incomplete)-Continued section (fee4 
17. Shale, grayish-black, kaolinitic; clay-size 

particles; weathers grayish purple (5RP 
312); zones of very fine grained lenticular 
dark-greenish-gray kaolinitic quartzose 
sandstone which weather light brown 
(5YR 516); sandstone lenses as much as 
0.3 f t  thick a t  154 and 160 ft; only a part 
of this unit is plotted on pl. 3 ----------- 160. 0 

16. Shale, grayish-black, micaceous, somewhat 
kaolinitic; silt-size particles; weathers 
dark yellowish brown (10YR 412) -------- 132. 0 

15. Siltstone, medium- to dark-gray; weathers 
dark yellowish brown (10YR 412); len- 
ticular------------------------------- 112.4 

14. Shale, olive-gray (5Y 4/1), micaceous; siltc 
size particles; weathers dark yellowish 
orange------------------------------- 111. 6 

**13. Siltstone, medium- to dark-gray, laminated, 
lenticular; thickness ranges from a feather 
edge to 1.4 ft; weathers dark yellowish 
orange and moderate reddish brown- - --- 108.8 

**12. Shale, olive-gray, kaolinitic; clay-size par- 
ticles; weathers dark yellowish orange---- 108.8 

11. Shale, grayish-black, hard, massive; clay- 
size particles; weathers orange red, with 
metallic luster; unit appears to be a shear 

104.0 
10. Shale, olive-gray; clay-size particles; 

weathers dark reddish gray ------------- 101. 0 
9. Sandstone, very fine grained, hard, dense, 

lenticular, fucoidal--------------------  96. 2 
8. Shale, grayish-black; clay-size particles; 

weathers light brown and dark yellowish 

[Measured with hand level and tape by the authors and 0. [J. Oudim in 1949. 
Graphic section, pl. 3; location, pl. 21 

Cumdat ioe t k b h e d ~  
abwe base of 
section (feet) 

Kanayut conglomerate: 
Lower member: More than 500 feet of yellowish- 

Section on south side of Block Mountain, about 800 feet above the 
valley jloor of Alapah Creek, 6.6 miles south-southeast of camp on 
Shainin Lake, at lat 68'14' N., long 160°60' W. (approximate) 

orange-weathering conglomerate of the lower 
member has been thrust onto the Stuver member 
of this section and forms a precipitous cliff. 

Thrust fault. 
Kanayut conglomerate: 

Stuver member (incomplete) : 
18. Shale, olive-gray (5YR 3/1), kaolinitic; 

clay-size particles; relatively hard, with 
bands of ferruginous nodules in middle 
part; some nodules contain small rounded 

orange------------------------------- 95. 8 
* ** 7. Shale, grayish-black, fissile; clay-size par- 

ticles; weathers reddish gray; Zft-thick 
zone of dark-gray lenticular ironstone 

ferruginous grayish-black phosphatic peb- 
bles which weather dark reddish brown 
(10R 314) or very dusky reddish purple 
(5RP 212); a much contorted zone with 
chevron folds, slickensides along bed- 
ding; shear zones more resistant and, when 
seen from a distance, appear to be beds in 
the shale; true thickness of unit not known 
but exposed thickness is 390 ft$ ; unit not 
plotted on pl. 3- _. _ _ _ _ _ - - - - -  - -  _ - _ - - - -  550f 

nodules that weather dusky red (5R 314) 
and are as much as 0.5 f t  thick between 
78 and 80 ft --------------------------  87.0 

6. Claystone, grayish-black; weathers light 
brown (5YR 516) or dark yellowish orange 
(10YR 616); badly crumpled, may be a 
shear zone--------------------------- 66.0 

* ** 5. Siltstone, medium-gray, shaly, micaceous; 
weathers reddish purple or purplish black 
with metallic luster; basal 4 ft forms mas- 
sive ledge; upper 3 f t  is more shaly, with 
bed of limonite nodules that weather dusky 
red (5R 314) and are as much as 0.3 ft 
thick in top foot . . . . . . . . . . . . . . . . . . . . . .  51.0 

* ** 4. Siltstone, medium-dark-gray, very shaly, 
with thin stringers of very fine grained 
sandstone and small ferruginous concre- 
tions; weathers reddish gray; folded and 
crenulated, may be a shear zone- - - - - - - -  44.0 

3. Sandstone, medium- to dark-gray and gray- 
ish-purple, laminated, slightly micaceous; 
weathers moderate reddish brown (10R 
4/6), with some surfaces showing a very 
dusky purple (5P 212) metallic sheen- - .. - 25. 0 



THE PALEOZOIC SECTION I 

Kanayut conglomerate-Continued Cumulatb above base thickness o 

Stuver member (incomplete)-Continued section (feed 
2. Claystone, black, kaolinitic, arenaceous, 

hard, with a vitreous luster; lower part 
blocky, upper part shaly-- -------------  18.0 

.* 1. Claystone, black, kaolinitic, arenaceous, 
hard, with a vitreous luster; rounded 
polished small to medium-size chert 
pebbles 6-12 mm in diameter similar to 
those in the top beds of the underlying 
middle conglomerate member ----------- 1. 0 

Exposed thickness of Stuver member-- 5 5 0 f  
Middle conglomerate member: Conglomerate, gray- 

ish-red (10R 4 /2) ,  with well-rounded polished 
pebbles and small cobbles of dark-gray chert; 
from a distance the beds appear moderate grayish 
blue (5PB 412); forms vertical cliff more than 700 
f t  high on west side of Alapah Creek; beds 3-10 f t  
thick a t  top, 30-40 ft  thick in main part of cliff. 
See correlated section B. 

S'I'UVER MEMBER, EANAYUT CONGLOMERATE, TYPE SEC- 
TION-ON D 

The Stuver member a t  its type locality, 0.7 mile 
south of Mount Wachsmuth, overlies the midde con- 
glomerate member of the Kanayut, which is only 
partly exposed. The lower 140 feet of the Stuver 
member is covered by talus but appears to be largely 
shale (pl. 3). Ledges formed by the upper part of this 
member form a conspicuous hogback cutting across the 
ridge a t  this locality. The northern or dip slope of 
the hogback is partly overlain by the basal sandstone 
member of the Kayak shale shown in section F, a 
continuation of this section. 

Section on ridge about 1.8 miles east of camp on Shainin Lake at 
lat 68O19' N., long 160°33' W. (approzimab) 

[Measured with hand level and tape by the authors and O. J. Gudim in 1949. 
Graphic section, pl. 3; location, PI. 21 

Cumdative thickness 
dove baae o 
sedion (feed 

Kayak shale: Basal sandstone member: See stratigraphic 
section F, a continuation of this section. 

Disconformity. 
Kanayut conglomerate: 

Stuver member: 
*66. Sandstone, medium-dark-gray, fine-grained, 

quartzose, orthoquartzitic; beds 0.5 f t  
thick, with very thin interbedded shale - - 860. 0 

65. Sandstone, medium-bluish-black, very fine 
grained, shaly; thickness of unit ranges 
from feather edge to 0.5 ft -------------- 857.3 

**64. Conglomerate, light-gray, with large pebbles 
and small cobbles of black, gray, and 
white chert in orthoquartzitic coarse 
quartzose sandstone matrix ------------, 856. 8 * **63. Sandstone, light- to bluish-gray, very h e  
grained; in beds 0.05-0.5 f t  thick; scattered 
chert granules in basal 0.5 f t  ----- - -- - -- - 855.5 

T THE SHAININ LAKE AREA 11 

Kanayut conglomerate-Continued C u r n ~ i o c  fl)icknm 
about baae of 

Stuver member-Continued sectim (feet) 
62. Conglomerate, light-gray, with small chert 

pebbles in coarse sandstone matrix; platy 
beds 0.2-0.5 f t  thick--- - -- --- -- - ---- --- 850.5 

* **61. Conglomerate, light- to dark-gray, with 
pebbles and small cobbles of white, gray, 
and black chert in matrix of coarse quartz- 
ose sandstone; shaly stringers near base, 
with plant fragments- - - ---------------  846.5 * **60. Shale, medium-light-gray ; clay-size particles; 
thin lenses of conglomerate -------------  842.5 

*59. Sandstone, dark-gray, fine-grained, ortho- 
quartzitic . . . . . . . . . . . . . . . . . . . . . . . . . .  841.0 

"58. Sandstone, dark-gray, fine- to medium- 
grained, shaly . . . . . . . . . . . . . . . . . . . . . .  840. 5 

*57. Sandstone, dark-gray, fine- to medium- 
grained, quartzose, ferruginous, with 
scattered small pebbles of white and black 
chert,------------------------------- 840.0 

**56. Conglomerate, dark-gay; about 20 percent 
small cobbles and pebbles of gray and 
black chert and white quartzite in ortho- 
quartzitic coarse quartz sandstone matrix; 
cobbles show internal primary bedding--- 835.0 

55. Covered; beds probably shale ------------- 826.0 
54. Sandstone, medium-gray, medium-grained, 

orthoquartzitic - - - - - - - - - - - - - - - - - - - -  769. 0 
* **53. Sandstone, dark-gray, fine-grained, bitu- 

minous; a few s ~ ~ s  of coarse sand- 
stone and conglomerate; plant fragments 
throughout unit ----------------------- 766. 0 

**52. Sandstone, medium-gray, fine-grained, ortho- 
I quartzitic, kaolinitic (1); in blocky beds-- 759. 0 

I **51. Conglomerate, white to light-gray, with 
medium-size to large pebbles of white, 

I gray, and black chert; irregular beds; 
lenses of light-gray coarse sandstone as 
much as 0.5 f t  thick - - - - - - - - - - - - - - - - - -  756. 0 

*50. Sandstone, dark-gray, fine-grained, ortho- 
quartzitic; thin lenses of pebble conglom- 
erate near top- - -  ..................... 752.0 

49. Sandstone, light-brownish-gray, medium- 
grained, orthoquartzitic, crossbedded- - - - 750. 0 

**48. Conglomerate, white to light-gray, massive; 
pebbles and cobbles of white, red, and 
gray chert and silicified limestone, shale, 

l and sandstone; 90 peroent pebbles a t  base 

~ decreasing to 20 percent a t  top ---------- 749.5 
47. Sandstone, dark-gray, medium-grained, or- 

tho4uartzitic . . . . . . . . . . . . . . . . . . . . . . . . .  739.5 
46. Conglomerate, similar to unit 48; in addi- 

tion, contains pebbles of sandstone from 
lower units- - -  - - - - -  - - - -  - - -------------  738.8 

45. Covered; shaly-sandstone talus ------------ 731. 8 
44. Sandstone, dark-gray to greenish, medium- 

grained, orthoquartzitic; crossbedded in 
part . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  731. 3 

43. Sandstone, dark-gray, fine- to medium- 
grained, shaly . . . . . . . . . . . . . . . . . . . . . . . . .  729.0 

42. Sandstone, medium-gray, medium- to 
coarse-grained, orthoquartzitic; 0.3-ft- 
thick lens of pebble conglomerate a t  top, 727. 9 
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Kanayut conglomerate-Continued Cumrcbtive tbickncss above base o 
Stuver membtr-Continued seetian (feet{ 

41. Conglomerate, with large black and white 
chert pebbles; grades laterally into gray 
shale of silt-size particles ---------------  726. 0 

40. Sandstone, medium-gray, fine- to coarse- 
grained, orthoquartzitic; basal part white, 
gray, and black chert-pebble conglomer- 
ate, with pebbles 6-20 mm in diameter--- 725. 5 

39. Sandstone, medium-gray, fine-grained, fer- 
ruginous, orthoquartzitic ---------------  723. 7 

38. Conglomerate, light-gray, with large rounded 
pebbles of white, gray, and black chert--- 721. 6 

37. Sandstone, similar to unit 39 - - - - - - - - - - - - -  721. 1 
36. Conglomerate, with granules of gray and 

black chert and white quartz in very 
fine grained medium-gray sandstone 
matrix . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  719.9 

**35. Sandstone, medium-gray, fine-grained, kao- 
linitic(?), with rounded frosted quartz 
grains; blocky beds-- - -- -- ----- - - - - - - - - 719. 6 

34. Sandstone, light-grayish-purple, coarse- 
grained, with lenses of white, gray, and 
black chert-pebble conglomerate- - - - - - - - 702. 6 

33. Shale, medium-gray to light-brownish-gray, 
kaolinitic(?) ; clay-size particles ----- - - - - - 700. 6 

**32. Sandstone, light-purple, fine- to medium- 
grained; single massive bed - - - - - - - - - - - - -  700. 3 

**31. Sandstone, similar to unit 34, but with lenses 
of white, gray, and purple chert-pebble 
and chert-cobble conglomerate; very fer- 
ruginous in lower 0.7-0.8 f t  ---- - - - - - - -- - 697. 3 

30. Shale, brownish-gray to greenish-gray; clay- 
size particles . . . . . . . . . . . . . . . . . . . . . . . . . .  694. 3 

29. Claystone and shale, dark-gray, with metallic 
sheen, kaolinitic(?); clay-size particles; 
brownish-gray shale in upper part- - - - - - - 609. 5 

28. Covered; talus of material similar to unit 27- 432. 5 
**27. Conglomerate, dark-gray, with pebbles and 

cobbles of white and black chert in coarse 
orthoquartzitic sandstone matrix; scat- 
tered ferruginous mudstone nodules------ 379. 5 

26. Sandstone, light-yellow-green, very fine 
grained, carbonaceous, micaceous, argil: 
laceous, shaly; weathers dark yellowish 
orange; mostly covered- - - - - - - - - - - - - - - -  366. 0 

25. Sandstone, light-gray to dark-gray, fine- to 
medium-grained, orthoquartzitic- - - - - - - -  355. 0 

**24. Sandstone, dark-gray, coarse-grained, poorly 
sorted, with conglomerate lenses; in flaggy 
0.2- to 0.5-ft-thick beds; weathers to white 
or light-yellowish-brown po.wder ----- - - -  - 345. 0 

23. Covered; beds apparently lithologically 
similar to unit 22 . . . . . . . . . . . . . . . . . . . . . .  307.0 

**22. Shale and sandstone; light-bluish-gray to 
brownish-gray platy shale of clay-size 
particles; thin beds of fine-gained dark- 
gray micaceous platy sandstone - - - - - - - - -  282.0 

**21. Sandstone, light-gray, medium-grained; 
weathers reddish brown; beds 0.5 ft thick 
at  base, thinning to 0.1 ft a t  top.. - - - - - - -  272. 0 

Kanayut conglomerate-Continued Cumulative thickneaa above base of 
Stuver member-Continued section (feet) 

**20. Sandstone, similar to unit 21, but more 
massive, crossbedded - - - - - - - - - - - - - - - - - -  262. 0 

**19. Sandstone, similar to unit 21, but strongly 
crossbedded . . . . . . . . . . . . . . . . . . . . . . . . . .  257. 0 

18. Conglomerate, with white, green, and black 
chert pebbles to large cobbles in a sand- 
stone matrix that is similar to unit 21; 
unit is 0.5-1.5 ft thick -----------------  254. 0 

17. Sandstone, similar to unit 21, but with very 
irregular bedding . . . . . . . . . . . . . . . . . . . . . .  253. 0 

**16. Conglomerate, white to light-gray, with 
white, gray, green, and black chert pebbles 
scattered in matrix of coarse sandstone 
with frosted quartz grains - - - - - - - - - - - - - -  250. 0 

15. Covered; rubble of shale and sandstone sim- 
ilar to unit 14 . . . . . . . . . . . . . . . . . . . . . . . . .  245. 0 

14. Shale and sandstone; reddish- td greenish- 
gray micaceous fissile shale of clay-size 
particles, and thin beds of reddish-gray 
fine- to medium-grained quartzose sand- 
stone-------------------------------- 230.0 

13. Shale, black, micaceous, bituminous, hard, 
platy; clay-size particles ---------------- 205. 0 

12. Covered; rubble of sandstone similar to unit 
11 ----------------------------------- 168. 0 

11. Sandstone, medium-gray, fine- to medium- 
grained, orthoquartzitic; weathers reddish 
brown------------------------------- 162.8 

10. Sandstone, medium-gray, medium-grained, 
orthoquartzitic, with a few small pebbles 
scattered throughout - - - - - - - - - - - - - -  158. 8 

** 9. Sandstone, medium-gray, medium-grained, 
orthoquartzitic; weathers greenish gray; 
ferruginous grains weather reddish brown; 
in tabular beds 0.6-1 f t  thick ----------  156.8 

** 8. Conglomerate, medium-gray, with gray and 
black chert pebbles in medium-grained 
quartzose sandstone matrix - - - - - - - - - - - - -  152. 7 

** 7. Shale and sandstone; greenish-gray hard 
arenaceous shale with very fine quartz 
grains; beds of dark-gray fine-grained 
orthoquartzitic thin-bedded sandstone--- 152.4 

6. Sandstone, dark-gray, fine- to medium- 
grained, quartzose, orthoquartzitic, with 
scattered black chert grains; weathers 
reddish brown; crossbedded - - - - - - - - - - -  151. 3 

5. Sandstone, greenish-gray, very fine grained, 

4. Sandstone, medium-gray, medium-grained, 
dense, orthoquartzitic ---,__-------------- 144. 1 

3. Sandstone, medium-gray, very fine to fine- 
grained, orthoquartzitic _---------------  143. 6 

* 2. Conglomerate, light- to medium-gray; 40 
percent white, gray, and black pebbles in 
matrix of fine-grained reddish-brown- 
weathering quartzose and orthoquartzitic 
s a n d s t o n e - - - - - - - - - - - - - - - - - - - - -  143. 1 

1. Covered; beds probably shale, sandstone, and 
conglomerate --,---------------------- 140. 0 

Thickness of Stuver member ---------- 860. 0 
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Kanayut conglomerate-Continued 
Middle conglomerate member (incomplete) : Con- 

glomerate, light-gray; weathers light brown; 
20-90 percent pebbles to small cobbles of white, 
light-gray, dark-gray, and black chert; matrix 
coarpe-grained light- to medium-gray sandstone; 
massive beds 2-10 ft thick. 

KAYAK SHALE 

Talus covers parts of the Kayak shale at  its type 
locality in the saddle near the foot of the south slope 
of Mount Wachsmuth (pl. 2). Section F, measured at 
the type locality along a single line of traverse, indicates 
the true thickness of the members and their position 
in the formation. The basal sandstone member of the 
Kayak shale (section E) is typically exposed 3.7 miles 
south-southeast of the Shainin Lake camp (pl. 2). The 
argillaceous limestone, upper black shale, and red lime- 
stone members (section G) are typically exposed 1 mile 
south of the Shainin Lake camp (pl. 2). The relations 
among these three sections are shown on plate 4. 

BASAL SANDSTONE MEMBER, EAYAK SHALB-SECTION E 

The basal sandstone member is well exposed 3.7 
miles south-southeast of the Shainin Lake camp. 
Here the disconformable contact between the Stuver 
member of the Kanayut conglomerate and this member 
is well exposed. All parts of the member were examined. 
Small folds and faults present in the overlying lower 
black shale member do not involve the basal sandstone 
member, except locally in the upper part. The details 
of the member at this locality are presented on plate 4, 
and the section is correlated with the basal sandstone 
member at the type locality of the Kayak shale (sec- 
tion F). 

Section 1.I miles west of junction of Kavak Creek with Alapah 
Creek, 3.7 miles south-southeast of the Shainin Lake camp, lat 
68'16' N., long 150°56' W. (apprmimate) 

[Measured with hand level and tape by the authors and R. L. Miller in 1949. 
Graphic section. ~ 1 . 4 :  location. d. 21 . -  - 

Cumulatwe thickness 
Kayak shale: abme base of section (feet) 

Lower black shale member: This member is onlv 
410 ft thick here because of faulting. See section 
F for true thickness of the member. 

Basal sandstone member: 
12. Sandstone, medium-gray, very fine to fine- 

grained, ferruginous, thin-bedded; has 
"hackly" surfaces when weathered; com- 
posed of subangular to subround clear 
and milky-white quartz grains; ferrugi- 
nous beds weather grayish red (5R 412); 
numerous thin, lenticular beds of medium- 
gray or dark-gray arenaceous silty shale; 
beds 2 mm-13 mm in thickness- --------  126+ 

Kayak shale-Continued Cumuktive thickness abme bme o 
Basal sandstone member-Continued section (.feed 

11. Shale, dark-gray, fissile, kaolinitic; clay- 
size particles; light-olive-gray (5Y 512) 
ferruginous septate claystone concretions 
which weather dark yellowish orange and 
very dusky reddish purple --------------  107. 4 

10. Shale, dark-gray, relatively hard, fissile, 
kaolinitic; clay-size particles - - - - - - - - - - - -  103. 3 

9. Sandstone, medium-gray to medium-light- 
gray; very fine grained a t  base, becomes 
fine to medium grained toward top; wavy 
bedded, lenticular, with thin shaly-sand- 
stone lenses; macerated plant fragments 
common throughout; Scalarituba abun- 
dantfrom91.5to92ft  ----------------- 96.3 

8. Covered; beds probably sandy shale with 
thin sandstone beds-- -----------------  90.0 

** 7. Sandstone, very-dusky-red (IOR 212). 
coarse-grained to very coarse grained, 
ferruginous; 60 percent angular to sub- 
round clear and milky-white quartz grains; 
40 percent fine- to medium-sized angular 
to subround clear and milky-white quartz 
grains; uniform tabular beds 0.1-0.2 f t  

I 
thick 82.0 

** 6. Sandstone, very-light-gray to medium-light- 
gray, coarse-grained, hard; predominantly 
clear subangular quartz grains, with fer- 
ruginous and siliceous cement; tabular 
beds 0.1-1.9 ft thick, with most beds 0.2- 
0.7 f t  thick; conspicuous crosslamination 
throughout, crosslaminae dip predomi- 
nantly north; weathered surface of cliff 
irregularly banded with blackish red to 
dusky red (5R 314) and pale yellowish 
orange (10YR 816) to grayish yellow (5Y 
814) ; bedding surfaces of crosslaminae are 
dusky red (5R 314); unit forms cliff------ 71. 4 

* 5. Sandstone, medium- to dark-gray, fine- 
grained, hard, graphitic, ferruginous, 
with thin stringers of shaly very fine 
grained medium- to dark-gray sandstone; 
hard beds 0.4-0.5 ft thick and shaly beds 
0.1-0.3 ft thick; 0.2-ft-thick bed from 28.6 
to 28.8 ft is medium grayish red and 
laminated . . . . . . . . . . . . . . . . . . . . . . . . . . . .  32.8 

4. Shale and sandstone; interbedded medium- 
dark-gray to medium-gray shale of silt- 
size particles, and medium-dark-gray to 
medium-gray very fine grained sandstone, 
with subround to subangular clear and 
frosted quartz grains; slightly ferruginous- 25. 1 

3. Shale, medium-dark-gray, ferruginous; clay- 
and silt-size particles; weathers light 
brown with purplish-blue sheen on some 
bedding planes; somewhat crumpled and 
folded . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  21.3 

2. Sandstone, medium-gay, fine-grained, hard, 
siliceous; beds 0.05-0.4 ft thick - - - - - - - - -  2. 8 

1. Shale, medium-gray, splintery, slightly kao- 
linitic, with very thin lens of quartzose 
sandstone---------------------------- .05 

Thickness of basal sandstone member.. 126+ 
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Disconformit y. 
Kanayut conglomerate : Stuver member (incomplete: 

Conglomerate, light- to medium-gray, with rounded 
pebbles of medium-dark-gray, dark-gray, and white 
chert in orthoquartzitic matrix; f&intly banded; 
approximately 5 percent pebbles in top bed, 30 percent 
pebbles in next to top bed; beds, in ascending order, 
are 0.3, 0.6, 0.2, and 0.1 f t  thick. Overlies massive 
thick beds of conglomerate. 

The Kayak shale a t  the type locality disconformably 
overlies the Stuver member of the Kanayut con- 
glomerate and disconformably underlies the Wachs- 
muth limestone. This section is a continuation of 
section D of the Stuver member. Section H of the 
Wachsmuth limestone is a continuation of this section 
(PI. 2). 

Descriptions of the covered parts o-f the basal sand- 
stone member in this section are supplemented by data 
from section E. The lower black shale member, this 
section and section G, was examined a t  several exposures 
because no locality furnished a completely exposed and 
undeformed section. The argillaceous limestone and 
the upper black shale members are not completely 
exposed at the type locality, and details of these mem- 
bers are presented in section G, which is typical. 
The red limestone member, at  the top of the for- 
mation, is typically exposed at the type locality south 
of Mount Wachsmuth and also across Alapah Creek, 
1 mile south of the Shainin Lake camp (section G). 

The Kayak shale at  this locality is undeformed; this 
section gives a close approximation of the true thickness 
of the formation and its members. 

Section in saddle on south side of Mount Wachsmuth, about 1.8 
miles east of Shainin Lake camp at lat 68°19'19" N., long 160" 
64/89" W. (approximate) 

[Measured with tape and hand level by the authors and C. J. Gudim in 1M9. 
Graphic section. pl. 4; location pl. 21 

C u m ~ e  thickness 
obope baae of 
sectton (feet) 

Wachsmuth limestone: Shaly limestone member: See 
stratigraphic section H, a continuation of this section. 

Disconformity. 
Kayak shale: 

Red limestone member: 
*24. Limestone, medium-gray, medium- to coarse- 

grained, argillaceous; detrital fossil frag- 
ments, fish teeth, and phosphatic pebbles 
common-;--------------------------- 960f 

* **23. Limestone, dark-gray, coarse-grained, bio- 
clastic; weathers reddish brown; brachio- 
pod fragments scattered throughout, fish 
teeth and phosphatic pebbles on many 
bedding surfaces; beds 0.8-2 f t  thick----- 959. 9 

22. Limestone, dark-gray, medium-grained, bi- 
tuminous (?), hard; thin irregular beds, 
crosslaminated; abundant brachiopod, 

Kayak shale-Continued &mulatine thickness above baae of 
Red limestone member-Continued section (feet) 

crinoid, d gastropod fragments; fish 
teeth and phoq3btic pebbles common- - - 948.3 

Thickness of red limestone member----- 13.2 

Upper black shale member: 
21. Shale, dark-gray to grayish-black, fissile, 

soft, very slightly micaceous; clay-size 
particles. Mostly covered, but exposed 
in small areas along mountainside- - - - - - - 946. 8 

i Thickness of upper black shale member- 140. 0 

Argillaceous limestone member: 
*20. Limestone, dark-gray, fine-grained, very 

argillaceous, shaly, nodular; fossils rare. 
Poorly exposed along mountainside- - - - - - 806.8 

*19. Limestone, similar to  unit 20. Forms ledge 
along mountainside . . . . . . . . . . . . . . . . . . . .  796. 8 

*18. Covered; beds thought to be mostly lime- 
stone. See plate 4, sections F and G- ---  791. 8 

Thickness of argillaceous limestone 
member . . . . . . . . . . . . . . . . . . . . . . . . . .  80.8 

Lower black shale member: 
17. Shale, dark-gray to grayish-black, fissile, 

slightly calcareous(?), relatively soft, 
slightly micaceous, with scattered ferru- 
ginous limestone or clay-ironstone nodules; 
clay-size particles. Mostly covered, but 
there are scattered exposures on mountain- 
side--------------------------------- 726.0 

16. Shale. Mostly covered; scattered exposures 
of shale similar to unit 17 on south slope 

I of Mt. Wachsmuth and in the saddle to 

Thickness of lower black shale member- 595. 0 

Basal sandstone member : 
15. Sandstone, reddish-brown, fine-grained, ar- 

gillaceous, fucoidal, thick-bedded -----,-- 131. 0 
14. Sandstone, reddish-brown, he-grained, ar- 

gillaceous, fucoidal; hard, platy, irregular, 
shaly beds-------------------------.- 129.7 

**13. Sandstone, white to light-gray, fine-grained, 
orthoauartzitic, quartzose, with grains 
well rounded but not frosted; beds 0.2-0.3 
f t th i ck- - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  117.7 

12. Shale, light-greenish-gray, soft, fissile; clay- 
size particles -------------------------- 107. 7 

11. Sandstone, dark-gray, fine-grained, mica- 
ceous, carbonaceous, argillaceous, shaly - - 95.7 

10. Sandstone, dark-gray, fine-grained, carbo- 
naceous, micaceous, argillaceous; uniform 
beds 0.C5-0.1 f t  thick; vertical worm 
borings, Rcalarituba, common ----------- 93. 7 

* 9. Shale and sandstone; dark-gray micaceous 
shale of clay- and silt-size particles, with 
thin beds of brown fine-grained sandstone 
that become less numerous in upper 1.7 
ft . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  92.7 
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Kayak shale-continued Oumukrtiue t~ickn-a about? base of 
Basal sandstone member-Continued section c feet) 

8. Shale, dark-gray, micaceous, very soft; clay- 
and silt-size particles ------------------- 89. 0 

7. Sandstone, light-brownish-gray, very fine 
grained, in lenticular beds ranging from 
feather edge to 0.2 f t  in thickness ---- - - - 86. 0 

6. Shale, dark-gray, kaolinitic, brittle, fissile; 
silt-size particles- - . . . . . . . . . . . . . . . . . . . .  85.0 

5. Covered; beds probably shale similar to 
unit 6- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  83.0 

4. Sandstone, reddish-brown, fine-grained, 
quartzose, with well-rounded unfrosted 
grains; thin tabular beds ---------------  70.0 

3. Covered by talus; conceals sandstone similar 
tounit4-----------------------------  66.0 

2. Sandstone, similar to unit 4. Forms low 
cliff---------------------------------- 56.0 

1. Covered by talus; conceals sandstone similar 
to unit 2, but may be shale in part ------  45.0 

--- 
Thickness of basal sandstone member-- 131. 0 

Total thickness of Kayak shale- - - - -  960f 
Kanayut conglomerate: Stuver member: See strati- 

graphic section D, a continuation of this section. 

UPPER PART, EAYAE B W E C T I O N  G I 
The upper part of the Kayak shale, including the 

upper part of the lower black shale member, the 
argillaceous limestone member, the upper black shale 
member, and the red limestone member, is typically 
exposed in a gully about 1 mile south of the Shainin 
Lake camp on the west wall of the Alapah Creek valley. 
The lower part of the formation is covered by talus and 
alluvium. The Wachsmuth limestone disconformably 
overlies the red limestone member at  the top of the 
Kayak shale. The strata in this section are correlated 
with those in the Kayak shale a t  the type locality. 

Section on west wall of Alapah Creek valley, about 1 mile south of 
the Shainin Lake camp, lat 68°18'09Jf N., long 160°67'40" W. 
(approximate) 

[Measured with tape and band level by the authors, C. J. Gudim, and A. Feder 
in 1949. Graphic section, PI. 4; lowtion, PI. 2. Datum is base of Kayak shale 
as established in section F] 

Cumdatbc thickness 
abm datum 

(feet) 
Wachsmuth limestone: 

Crinoidal limestone member (incomplete) : 
Limestone, crinoidal. Thickness 118+ feet. 

Shaly limestone member: 
Covered; thought to be shaly limestone similar to 

unit 1 of section H. Thickness 18f feet. 
Disconformity. 
Kayak shale: 

Red limestone member: 
*41. Limestone, dark-gray, coarse-grained, 

reddish-brown-weathering, bioclastic, with 
fragments of brachiopods, fish teeth, and 
phosphatic pebbles throughout; top sur- 
face of unit is pavement of fish teeth, 
phosphatic pebbles, and weathered lime- 

byak shale-Continued Curnuk~tiae thick- above datum 
Red limestone member-Continued (feet) 

stone pebbles; beds 0.3-1 f t  thick - - - - - - -  960.0 
-- 

Thickness of red limestone member--- - 11. 5 

Upper black shale member: 
40. Covered; beds thought to be grayish-black 

shale similar to unit 39 ----------------- 948. 5 
39. Shale, grayish-black, calcareous, fissile; clay- 

size particles . . . . . . . . . . . . . . . . . . . . . . . . . .  938. 5 
38. Limestone, grayish-black, fine-grained, nod- 

ular; beds range from feather edge to 0.5 
f t  in thickness - - - - - - - - - - - - - - - - - - - - - - - - 899.6 

*37. Shale, similar to unit 39, with many fenes- 
trate bryozoans; as much as 0.6 f t  thick-- 899. 1 

*36. Limestone, grayish-black, fine-grained, dense, 
very ferruginous; lenticular unit from 
feather edge to 0.3 f t  thick - - - - - - - - - - - - -  898. 8 

35. Shale, similar to unit 39, with band of 
grayish-black limestone nodules a t  879 f t -  898. 5 

34. Shale, similar to unit 39, with many nodules 
of dark-gray very fine grained dense 
sideritic(?) limestone which weather dark 
reddish brown (10R 314) or very dark red 
(5R 216) - - - - - - - _ -- - - - - - - - - - - -- - - -- - - - 872.8 

*33. Shale, similar to unit 39 ------------------  870.8 
**32. Limestone, medium-dark-gray, medium- 

grained, slightly argillaceous, bioclastic, 
fossiliferous; weathers dusky red (5R 3/4), 
moderate brown (5YR 4/4), and moderate 
reddish brown (10R 416) ; beds, in ascend- 
ing order,are 0.3, 1.0, 2.2, 0.5, and 0.3 f t  
thick; lower beds distinctly laminated, 
but laminae become fainter upward and 
disappear a t  846.8 ft --_----------------  847. 6 

31. Limestone and shale; dark-gray fine-grained 
unfossiliferous limestone as tabular beds 
2 mm thick that increase uniformly in 
thickness to 7 mm at top, interbedded 
with grayish-black calcareous shale of 
clay-size particles; shale partings range 
from 0.3 mm in thickness a t  base to 0.6 
mm a t  top; unit ranges from 0.7 to 2 f t  
in thickness- . . . . . . . . . . . . . . . . . . . . . . . . .  843. 3 

30. Shale, grayish-black, fissile; clay-size par- 
ticles --------------------------------  841.8 

29. Limestone, dark-gray, fine- to medium- 
grained, with many crinoidal fragments- - 835. 9 

*28. Shale, similar to unit 30 ------------------ 835. 1 
27. Limestone, grayish-black, fine-grained, argil- 

laceous, unfossiliferous- - - - - - - - -- - - - - - - - 810. 9 
26. Shale, similar to unit 30; weathers bluish 

gray--------------------------------- 810. 0 

Thickness of upper black shale member-- 140. 8 

Argillaceous limestone member : 
* **25. Limestone, medium-dark-gray, fine-grained, 

extremely argillaceous, shaly, with scat- 
tered crinoidal debris; irregularly bedded; 
lenticular zones of calcareous shale of clay- 
size particles and lenses of crinoidal bio- 
clastic limestone; more shaly from 804.5 
to top of unit + - - - - - - - - - - - - - - - - - - - - - - -  807. 7 
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Kayak shale-Continued ~urnclhtioe eiekneaa above &turn 
Argillaceous limestone member-Continued V d  

24. Limestone, medium-dark-gray, fine-grained, 
very argillaceous, slightly bioclastic- - - - 795. 3 

23. Shale and limestone; dark-gray to medium- 
gray very calcareous fossiliferous shale 
with splintery fracture, and medium- 
dark-gray fine-grained very argillaceous 
limestone with crinoid fragments- - - - - - 7949 

22. Limestone, medium-dark-gray, coarse-grain- 
ed, bioclastic, with crinoid columnals aa 
much as 5.0 mm in diimeter ---------  794. 1 

21. Limestone, similar to unit 22, with num- 
erous crinoid fragments as much as 0.2 mm 
in diameter ----------------_----------- 792.2 

20. Shale, medium- to bluish-gray, kaolinitic, 
very calcareous, with splintery fracture, 
very few fossils- - -, - - - - ---, -- _ - - - - - -- - 789.5 

19. Limestone, dark-gray, fine-grained, very 
argillaceous, with small amount of com- 
minuted fossil fragments ---------------- 787.0 

18. Shale, similar to unit 20 ----------------  783. 9 
*17. Limestone and shale; dark-gray fine-grained 

very argillaceous limestone with minor 
amount of comminuted fossil fragments, 
nodular in top part and unevenly bedded 
in lower part; interbedded medium- to 
bluish-gray kaolinitic shale of clay-size 
particles, with splintery fracture and 
few fossils . . . . . . . . . . . . . . . . . . . . . . . . . . . .  783. 3 

*16. Shale, similar to unit 20 -----_----------  775. 5 
15. Limestone, grayish-black, fine-grained, very 

argillaceous, with few fossil fragments; 
very few small crinoid columnals- - - - - - 774 8 

*14. Shale, similar to unit 20 ----------------  774 4 
* **13. Limestone and shale; grayish-black fine- 

grained very argillaceous limestone with 
minor amount of comminuted fossil frag- 
ments, interbedded from 765.5 to 768.3 
f t  with dark-gray splintery-fracturing 
very calcareous shale of clay-size particles 
that forms 30 percent of the strata; shaly 
zones 0.1-0.2 f t  thick; limestone beds 0.2 
f t  thick at  base, 0.8-0.9 f t  thick in middle 
part, and 0.2-0.6 ft thick a t  top --------  770. 7 

12. Shale and limestone; dark-gray kaolinitic 
very calcareous shale of clay-size particles, 
with splintery fracture, that constitutes 
70 percent of unit; interbedded dark-gray 
to grayish-black fine-grained limestone 
more common in upper part of unit; few 
fossils . . . . . . . . . . . . . . . . . . . . . . . . . . .  765.5 

11. Limestone and shale; grayish-black fine- 
grained nodular limestone, with sparse 
small crinoid columnals; interbedded 
medium-gray to light-bluish-gray very 
soft calcareous shale of clay-size particles 
which constitutes 15 percent of the unit. 
Unit forms ledge ...................... 759.6 

**lo. Limestone and shale; dark-gray fine- to 
medium-grained argillaceous bioclastic 
limestone, interbedded with medium-gray 
to light-bluish-gray soft calcareous kao- 
linitic shale of clay-size particles that 
constitutes 50 percent of the unit- - - - - - - 755.2 

Kayak shale-Continued Cumulative atmve datum thickncas 

Argillaceous limestone member-Uontinued Cfeet) 
** 9. Limestone, dark-gray, Ene- to medium- 

grained, fossiliferous; weathers light brown 
(5YR 516); 0.1-ft-thick bed of medium- 
gray to grayish-black chert a t  base------ 751. 7 

* 8. Limestone and shale; limestone, similar to 
unit 9, in beds 0.2-0.4 f t  thick, that are 
separated by medium-dark-gray calcareous 
shale of clay-size particles, in beds 0.1-0.5 
f t thick-- - - - - - - - - - - - - - - - - - - - - - - - - - - - -  750.2 

* 7. Limestone, similar to unit 9, in beds 0.2-0.4 
ft thick . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  747.5 

* 6. Limestone and shale; dark-gray fine-grained 
argillaceous limestone, in beds 0.1-0.3 f t  
thick; interspersed thin zones of medium- 
dark-gray calcareous shale of clay-size 
particles . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  745. 9 

* 5. Limestone, dark-gray, medium- grained, argil- 
laceous, unfossiliferous; weathers pale yel- 
lowish orange (IOYR 816) to light brown 
(5YR 516). Base of unit forms base of 
upper limestone cliff - - - - - - - - - - - - - - - - -  744.4 

* 4. Limestone and shale, aimilar to unit 6. Forms 
receding slope . . . . . . . . . . . . . . . . . . . . . .  742. 9 

* ** 3. Limestone, medium-dark-gray to brownish- 
black, coarse-grained to very coarse 
grained, argillaceous, with many crinoid 
plates and columnals; weathers yellowish 
gray (5Y 712); beds 0.41.9 ft thick, sep- 
arated by thin partings of medium- to 
dark-gray calcareous soft shale of clay-size 
particles that are 0.1-0.3 f t  thick; 4 
rhythmic phases represented by beds from 

1 726.7 to 729.6 ft; 729.6 to 734 ft; 734 to 
737.7 ft; and 737.7 to 740.9 ft. Forms 
lower cliff in member- - - _ - - - - - - - - - - - - -  740. 9 

-- -- 
Thickness of argillaceous limestone 

member . . . . . . . . . . . . . . . . . . . . . . . . . .  81. 8 
-- 

Lower black shale member (incomplete; see correlated 
section F, pl. 4) : 

2. Covered; beds may be limestone and shale 
similar to unit 3 or grayish-black shale 
similar to underlying unit 1 -------------  725. 9 

** 1. Shale, grayish-black, micaceous, carbona- 
naceous, fissile; weathers moderate yellow 
brown (10 YR 514) ; predominately of clay- 
size particles but shale of silt-size particles 
predominates in several parts of the unit; 
zones of calcareous ferruginous mudstone 
concretions at  790.5, 683.4, and 657.1 ft. 
The shale in this unit is exposed between 
594 and 723.9 f t  above the base of the 
Kayak shale. Below 594 f t  the formation 
is covered by talus and soil. See cor- 
related section F for the lower part of the 
Kayak s h a l e - - - - - - - - - - - - - _ - - - - - - - - - -  723.9 

Thickness of lower black shale member 
measured-----------------__------- 130& 

Total thickness of lower black shale 
member (see pl. 5) - - - - - - - - - - - -  595f 
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LZSBURNE GROUP 

WACHSMUTH LIMESTONE 

The Wachsmuth limestone crops out on the south 
slope of Mount Wachsmuth, the type locality for this 
formation. The lowest beds of the Wachsmuth are 
well exposed just above the saddle on the south side 
of the mountain but are covered by slide-rock on the 
lower slopes of the mountain on both sides of this saddle 
(pl. 2). The upper part of the Wachsmuth is largely 
covered by slide-rock on the south face of the mountain 
but is well exposed on the west slopes and on the south 
face of Sugarloaf Hill (pl. 2). It was necessary to 
measure sections along two separate lines of traverse 
one-half mile apart to obtain detailed description of all 
parts of the Wachsmuth limestone. The relations 
between the two sections, H and I, are shown on 
plate 5. 

Cumulative thicknesr 
above base of 

Wachsmuth limestone-Continued section (feet) 
Dolomite member (incomplete; see pl. 5)-Continued 

27. Limestone, medium-dark-gray, medium- 
grained, bioclastic; band of medium-dark- 
gray nodular chert along bedding plane a t  
254f t - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  254. 7 

26. Limestone and chert; medium-dark-gray 
fine-grained argillaceous limestone and 
interbedded medium-dark-gray nodular 
chert--------------------------------  250.7 

25. Limestone, medium-dark-gray, medium- 
grained, bioclastic; beds 0.4-4 f t  thick; 
beds of units 25 through 28 weather to 
distinctive light-brown band along out- 
crop; zones of medium-dark-gray nodular 
chert at  237.6, 238.5, 245.8, and 247 ft; 
thin shaly zones, 0.4 ft thick, from 236.2 to 
236.6 and 237.7 to 238.1 ft- --------_ - - -  247. 7 

24. Limestone and chert; medium-dark-gray 
medium-grained bioclastic crinoidal lime- 
stone and interbedded medium-dark-gray 

LOWER PART, WACHSMUTH LIMESTONE--SJECTION H nodular chert . . . . . . . . . . . . . . . . . . . . . . . . .  229. 7 
23. Limestone, medium-dark-gray, medium- 

This section, comprising the shaly limestone member, 
the crinoidal limestone member, and part of the 
dolomite member, was measured just above the saddle 
on the south side of Mount Wachsmuth. The shaly 
limestone a t  the base of the section lies disconformably 
on the red limestone member of the Kayak shale. 
This section is a continuation of section F of the Kayak 
shale. The upper part of this section, in the dolomite 
member, is correlated with beds in section I, a continua- 
tion of this section, but was measured one-half mile 
west on the lower slopes of Mount Wachsmuth. 

Although units 17 through 31 of this section were 
identified in the field as limestone, samples from cor- 
relative strata in section I were identified in the lab- 

. oratory as dolomite. The strata in units 17 through 
31 are probably dolomite or dolomitic limestone. 

Section on south face of Mount Wachsmuth at lat 68O19'80" N. ,  
long 16O064'd0" W .  (approximate) 

[Measured with tape and hand level by the authors and 9. J. Qudim in 1949. 
Graphic section, pl. 6; location, pl. 21 

Wachsmuth limestone: Cumukrtioe thickness 
above base of 

Dolomite member (incomplete; see pl. 5) : smtion (feet) 

3 1. Limestone, light-gray, fine-grained, bioclas- 
tic in part. Slope above this unit is 
largely covered by slide-rock. See cor- 
related stratigraphic section I for a de- 
scription of the Wachsmuth limestone 
stratigraphically above this unit------ -- - 312+ 

30. Limestone, medium-dark-gray, hard, fine- 
grained, bioclastic --------------------- 296. 6 

29. Limestone, light-gray, medium-grained, bio- 
clastic, with few crinoid columnals; beds 
1.5-5.4ft thick . . . . . . . . . . . . . . . . . . . . . . .  293.6 

28. Limestone, medium-gray; thin beds 0.2-0.4 
f t  thick; massive unit - - - - - - - - - - - - - - - - - -  258. 7 

grained,. bioclastic, crinoidal, with single 
layer of medium-dark-gray chert nodules 
in middle . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  225. 1 

22. Limestone and chert; medium-dark-gray, 
fine- to medium-grained bioclastic cri- 
noidal limestone, interbedded medium- 
dark-gray nodular chert ---------------- 223. 7 

21. Limestone, medium-dark-gray, medium- 
grained, bioclastic, slightly argillaceous, . with a few crinoid columnals; band of 
medium-dark-gray chert nodules near top 
of bed-------------------------------  222.2 

20. Shale, medium-dark-gray, very calcareous, 
platy-------------------------------- 218.2 

19. Chert, medium-dark-gray, dense, nodular--- 217. 7 
18. Limestone, light-gray to white, medium- 

grained, bioclastic; 15 percent crinoid 
ossicles; massive 6 ft-thick-basal bed, with 
layer of thin irregular dark-gray chert 
nodules 0.4 ft above base, makes a prom- 
inent bench which is overlain by 3-ft 
ledge of similar limestone from 206.2 to 
209.2 ft that is composed of 3 indistinct 
beds; beds between 209.2 and 217.2 f t  
range from 2 to 3 ft in thickness - - - - - - - -  217.2 

17. Limestone, medium-dark-gray, fine-grained, 
bioclastic; dark-gray chert a t  two levels; 
top and bottom contacts flat and even--- 200.2 

Thickness of dolomite member meas- 
ured . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1154- 

Total thickness of dolomite member 
(see pl. 5) -------------------- 564.0 

Crinoidal limestone member: 
*16. Limestone and shale; medium-dark-gay 

very fine-grained to fine-grained argilla- 
ceous shaly platy limestone; interbedded 
gray calcareous slightly nodular platy 
shale with thin flat nodular beds of dark- 
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Wachsmuth limestone-Continued czlrnuWtae tbfcWr 
Crinoidal limestone member-ConLinued ~~~~~~6 

gray chert which is concentrated in top 
5 ft; crinoids, bryozoans, and brachiopods 
present; unit makes conspicuous dark 
band and distinct reentrant on slopes 
along exposures; bottom contact transi- 
tional(?), top contact flat and even ----,- 197.0 

15. Limestone, medium-dark-gray, coarse- 
grained; appears slightly argillaceous; 
about 50 percent crinoid columnala 2-12 
mm in diameter ----------------------- 183.0 

14. Limestone, light-gray to white, medium- 
grained; 20-30 percent crinoid omicles-, - 174 2 

13. Limestone and chert; medium-dark-gray 
irregularly bedded platy shaly seminodu- 
lar limestone, with slightly irregular bands 
of dark-gray chert about every 0.5 ft----  172. 3 

12. Limestone, light-gray to white, medium- 
to coarse-grained; 20-30 percent crinoid 
ossicles; beds flat, tabular and 0.5-2 ft  
thick . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  169.3 

*11. Limestone and chert; medium-dark-gray, 
irregularly bedded platy shaly seminodular 
limestone, with interbedded dark-gray 
chert nodules 139.3 

10. Limestone, light-gray, fine- to medium- 
grained, with a few medium-dark-gray 
chert nodules; tabular beds 0.5-1 ft  thick- 135. 3 

* 9. Limestone and chert; light-gray, nodular, 
and slightly shaly limestone, fine grained 
a t  base and becomes medium grained a t  
top; interbedded with elongate irregular 
nodules of medium-dark-gray chert; 
Syringopora, fenestrate bryozoans, and 
Syringothyris- - - - - - - - -- ------- - - -- --- - 126.3 

* ** 8. Limestone, medium-dark-gray, fine- to me- 
dium-grained, bituminous (?), similar to 
unit 6; beds 1-3 ft thick except from 59.5 
to 65.3 ft  where beds are 0.4-1 ft  thick---- 122. 3 

7. Limestone, dark-olive-gray, fine-grained, 
verv nodular and argillaceous: nodules of 
limestone enclosed by very shaly lime- 
stone stringers as in unit 1; limestone 
that is thin, slabby, light gray, shaly, 
crinoidal, 0.6-0.7 ft  thick, and whose beds 
are 0.1-0.2 ft  thick, occurs from 55.5 to 
56.1 ft; bottom and top contacts undula- 
tory--------------------------------- 59.5 

** 6. Limestone, medium-dark-gray, fine-grained, 
with solitary corals, crinoids, bryozoans, 
brachiopods, and trilobites; beds 0.5-2.5 
ft  thick, with thinner beds in upper part; 
appears slightly bituminous(?); bottom 
and top contacts flat ------------------- 55. 5 

5. Limestone, medium-dark-gray, fine-grained; 
beds0.5-0.8ftthick - - - - - - - - - - - - - - - - -  38.0 

4. Limestone, medium-dark-gray, fine-grained; 
ranges in thickness along strike from 2.8 
to 4 ft; bottom contact uneven and top 
contact flat . . . . . . . . . . . . . . . . . . . . . . . . . .  35.0 

2. Limestone, medium-dark-gray, medium- 
grained, crinoidal; undulatory bedding; 
ranges from 1.8 to 3 ft  in thickness along 
strike-------------------------------- 32.2 

Wachsmuth limestone-Continued C ~ m ~ ~ i o c  tnickwaa above base of 
Crinoidal limestone member-Continued 8 ~ t i 0 n  (feet) 

* 2. Limestone, medium-dark-gray, medium- to 
coarse-grained, bioclastic, with about 20 
percent comminuted fossil fragments; 
2-6 percent orinoid ossicles 3-6 mm in 
diameter, lens of crinoidal debria ranging 
laterally from feather edge to 0.3 f t  in 
thickness a t  20.3 ft, other crinoidal lenses 
a t  21.6 and 22.6 ft; beds 0.3-2 f t  thick; thin 
beds, 0.2 ft  thick, of relatively soft crin- 
oidal debris occur from 23.6 to 25 ft; mli- 
tary corals, crinoids, bryozoans, brachio- 
pods, and trilobites; bottom contact 
undulatory and top contact slightly un- 
dulatory - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 29.2 

Thickness of crinoidal limestone mem- 
ber------------------------------  179.4 

Shaly limestone member: 
* ** 1. Limestone, dark-olive-gray, fine-grained, 

shaly, argillaceous, nodular; nodules as 
much as 0.4 ft  in diameter enclosed by 
thin limestone beds as much as 0.2 f t  
thick; caninoid corals and fenestrate 
bryozoans occur sparingly throughout; 
upper and lower contacts undulatory and 
sharp-------------------------------- 17.6 

Thickness of shaly limestone member-- 17. 6 

Thickness of Wachsmuth limestone 
measured------------------------- 312+ 

= 
Total thickness of Wachsmuth 

limestone (see pl. 5) -,------- - 1,230 f 
Disconformity; distinct lithologic and paleontologic 

break occurs a t  the base of the shaly limestone member 
of the Wachsrnuth limestone. 

Kayak shale: Red limestone member: See stratigraphic 
section F, a continuation of this section. 

U P P W  PART, WACHBMUTH I X M E S T O ~ ~ O N  I 

Part of the crinoidal limestone member, and the 
dolomite and banded chert-limestone members were 
measured dong a line of traverse across the west slope 
of Mount Wachsmuth and up the south face of Sugar- 
loaf Hill. The lower part of the crinoidal member 
is covered by slide-rock. This section together with 
section H represents the strata in the Wachsmuth 
limestone a t  its type locality on Mount Wachsmuth. 
The relations of these two sections are shown on plate 
5. The Alapah limestone disconformably overlies the 
Wachsmuth limestone near the crest of Sugarloaf Hill. 

When this section was originally measured, snow 
covered the beds on a dip slope between 230 and 348 
feet above the base of the Wachsmuth limestone, and 
these rocks were not examined. In 1950, rock samples ' were taken from these beds, but, the section was not 
described in detail. Therefore, descriptions of unit 13 
in this section are prepared from theae samples. 
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Section along the west slope of Mount Wachsmuth and up the south 
face of Sugarloaf Hill at lat 68°19'80" N., long 160°66'16" W. 
(approximate) 

[Messuwd with tape and hand level by the authors and 0. J. Qudlm in 1949. Glraphic 
section pl. V location, pl. 2. Datum is base of Wachsmuth limestone as established 
in seeti'on E\ 

~ - 
Cumulative thickness 

above datum 
(fee) 

Alapah limestone: Shaly limestone member: See strati- 
graphic section J, a continuation of this section. 

Dieconformity . 
Wachsmuth limestone: 

Banded chert-limestone member: 
* **149. Limestone, light- to medium-gray, me- 

dium- to coarse-grained, bioclastic; 
beds 1.1-4 f t  thick-- - -------------- 1,230. 0 

**148. Limestone and chert; brownish-gray 
very fine grained argillaceous platy 
limestone, with many irregular, ragged 
masses of black chert scattered 
throughout. Forms conspicuous ledge- 1,217. 6 

147. Limestone, medium-gray, medium- 
grained, bioclastic ------ -- - -- -- -- - -- 1,211. 6 

146. Limestone and chert; medium-dark-gray, 
fine- to medium-grained bioclastic 
limestone, with a few crinoid colum- 
nals, and thin-bedded light-gray to 
medium-dark-gray laminated chert in 
lower part, grading upward to inter- 
bedded irregular, ragged black chert 
nodules in upper part. Forms con- 
spicuous ledge . . . . . . . . . . . . . . . . . . . . .  1,209. 1 

145. Limestone and chert; medium-dark-gray 
fine-grained argillaceous irregularly 
bedded limestone in rather massive 
beds 0.5-1 f t  thick; nodular beds and 
nodules of black chert as much as 0.5 
f t  thick ---------------------------  1,204.1 

144. Limestone, medium-light-gray, coarse- 
grained, bioclastic ------------------ 1, 181. 2 

143. Limestone, medium-dark-gray, fine- 
grained . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1,180. 2 

142. Limestone and chert; medium-dark-gray 
very fine grained dense bioclastic ir- 
regularly bedded limestone, in beds 
ranging from 0.5 to 0.8 ft in thickness, 
with interbedded nodules and nodular 
beds of grayish-black to black chert 
0.5-0.8ft thick . . . . . . . . . . . . . . . . . . . .  1,178.2 

141. Limestone, medium-dark-gray, very fine 
grained, dense, bioclastic, with abun- 
dant comminuted fossil fragments--- - 1, 174. 5 

140. Limestone and chert; medium-dark-gray 
fine- to medium-grained argillaceous 
bioclastic irregularly bedded Bmestone, 
interbedded with medium-gray to 
dark-gray nodular porous chert beds 
or chert nodules that constitute 80 
percent of unit .................... 1,172. 6 

139. Limestone, dark-gray, fine-grained, 
slightly argillaceous, bioclastic; beds 
0.5-2 f t  thick -------------,------- 1,161.6 

138. Limestone, medium-light-gray, fine- 
gained, bioclastic, with light-gray 

Wachsmuth limestone-Continued Curnulativet hickness 
above datum 

Banded chert-limestone member-Continued y ~ t )  
nodules and nodular chert beds 0.1-0.3 
f t  thick . . . . . . . . . . . . . . . . . . . . . . . . . . .  1,141.6 

137. Limestone, medium-light-gray, fine- to 
medium-grained, bioclastic; weathers 
brownish gray; beds 1-3 f t  thick, with 
alternating thick and thin beds. 
Forms top of third main cliff on south 
face of Sugarloaf Hill --------------- 1, 139. 6 

**136. Limestone and chert; dark-gray fine- 
grained limestone similar to  unit 135, 
with interbedded irregular, ragged 
grayish-black chert nodules that differ 
from the nodular chert beds in the unit 
immediately below; chert in this unit 
weathers mottled light olive gray and 
dark gray . . . . . . . . . . . . . . . . . . . . . . . . .  1, 106. 6 

135. Limestone and chert; dark-gray to 
grayish-black fine-grained limestone, 
with abundant interbedded laminated 
light-gray to grayish-black chert 
nodules and nodular chert beds. 
Forms base of third main cliff a t  top 
of south face of Sugarloaf Hill-- -----  1,060. 9 

*134. Limestone, medium-light-brownish-gray, 
medium-grained, thin-bedded, argil- 
laceous, relatively unfossiliferous; beds 
0.1-1 f t  thick. Forms receding slope 
beneath third main cliff at  top of south 
face of Sugarloaf Hill ---------------  1,052. 9 

133. Limestone, medium-light-gray, medium- 
grained, bioclastic ------------------ 1, 013. 9 

132. Limestone and chert; medium-gray fine- 
grained bioclastic limestone in thin, 
platy beds 0.1-0.3 f t  thick, interbedded 
with dark-gray to  black nodular chert 
beds which compose over 50 percent of 
unit . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1,010.9 

131. Limestone and chert; medium-gray me- 
dium-grained bioclastic limestone beds 
1-1.5 ft thick, with beds of laminated 
white and medium-gray chert, 0.3-0.6 
f t  thick; chert beds thicken and thin 
along outcrop and weather to brownish 
and chalky-white bands; limestone 
beds thinner and chert beds more 
abundant toward top --------------- 997. 9 

*130. Limestone, medium-gray, medium-grained 
to very coarse grained, bioclastic; weathers 
medium dark gray; irregular beds 0.1-1.2 f t  
thick-,----------------------------- 979.4 

129. Limestone, medium-gray, medium-grained, 
bioclastic, with interbedded nodules and 
nodular beds of laminated light-gray 
and dark-gray chert ---------------- 962.4 

128. Limestme, medium-light-gray, coarse- 
grained, massive ..................... 960.3 

127. Chert, laminated, light- t o  dark-gray---, 959.2 
*126. Limestone, medium-light-gray, coarse- 

gained, massive ,-------------------- 958.4 
*l25. Limestone, medium-light-gray, mediuin- 

grained; thin, irregular beds 0.1-0.3 f t  
thick--,------------_--------------- 966.4 
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Wachsmuth limestone-Continued Cumulatioe thieknclrs above datum 
Banded chert-limestone member-Continued Ueet) 

124. Limestone and chert; medium-gray me- 
dium-grained bioclastic limestone that 
weathers to a light-gray pitted surface, 
in beds 0.1-0.8 ft thick, and laminated 
light-gray and dark-gray chert in fairly 
well-developed nodular beds 0.1-0.3 f t  
thick; conspicuous laminated chert nod- 
ules; some very nodular beds pinch out 
laterally. Top of unit forms top of 
second main cliff on south face of Sugar- 
loaf Hill . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  951.4 

123. Limestone and chert; nodular laminated 
dark-gray and ligkt-gray chert almost 
completely replacing bed of medium- 
light-gray medium-grained limestone- - 927. 4 

122. Limestone, medium-light-gray, medium- 
grained, light-gray-weathering, with 
nodules of laminated light-gray and 
dark-gray finely crystalline dolomite--- 926. 6 

* ""121. Limestone, medium-light-gray, medium- 
grained; weathers light gray; 2 tabular 
beds, 3.9 and 1.7 f t  thick ------------  921. 6 

120. Limestone, medium-light-gray, medium- 
grained, light-gray-weathering, with thin, 
lenticular beds and nodules of brown to 
dark-gray laminated chert; chert beds 
range from less than 0.1 to 0.4 f t  in 
thickness ----------------------------  916.0 

119. Limestone, medium-light-gray, medium- 
grained, weathers light gray; tabular 
beds 0.7-3 ft thick; medium- to coarse- 
grained beds from 909.7 to 912.7 ft---- 914. 9 

118. Limestone, brownish-gray, medium-grained, 
bioclastic; beds 0.8-1.7 ft thick; 
interbedded with undulatory nodular 
beds of dark-gray to black semilitho- 
graphic limestone, more abundant from 
883.7 to 896 f t  than in upper part; 
semilithographic limestone beds weather 
reddish brown and dark gray, look like 
weathered chert, and are 0.3-0.8 ft thick; 
bedding inconspicuous. Unit forms mas- 
sive conspicuous cliff ------------------ 905. 7 

**117. Limestone, medium-gray, fine-grained, 
bioclastic, with interbedded undulatory 
more resistant nodular beds of dark-gray 
very fine grained limestone; fine-grained 
limestone beds weather more readily than 
the very fine grained ones, which stand 
out conspicuously on outcrop face and 
look like chert; it is difficult to distinguish 
between the two types on freshly broken 
surfaces, but chert is found mainly in very 
fine grained beds which range from less 
than 0.1 to 0.5 ft in thickness; fine- 
grained beds range from 0.7 to 1 f t  in 
thickness; this is lowest occurrence of this 
type of rock, although chert in unit 107 
from 776.7 to 789.6 f t  is replacement of 
very fine grained nodules and nodular 
limestone beds; some of the very fine 
grained beds are composed largely of 
comminuted fossil material -----  -------  883. 7 

Wachsmuth limeston-continued . 02lmulative thickness above datum 
Banded chert-limestone member-Continued Cfcet) 
* **116. Limestone, medium-light-gray, with dolo- 

mitic light-brown chert beds 0.1-0.4 f t  
thick a t  867.4, 868.8, 871.4, 875.3, and 
875.7 ft; fine grained a t  base, becoming 
coarse grained at  top; chert bands less 
nodular than in underlying units; light- 
brown chert weathers medium dark gray 
to light brown in upper part -----------  877.2 

115. Limestone and chert; medium-light-gray 
fine- to medium-grained limestone, with 
chert, as in upper part of unit 114, but 
beds more massive and 0.6-1.4 f t  thick; 
beds more massive in upper part -------  867. 4 

114. Limestone and chert; medium-light-gray 
fine- to medium-grained limestone in 
tabular beds 0.5-1 f t  thick, with abun- 
dant nodular chert beds 0.1-0.4 ft 
thick; medium-dark-gray chert nodules in 
lower part; some chert beds show light- 
gray and medium-dark-gray laminations; 
light-brownish-gray to dark-gray lami- 
nated fossilocastic chert nodules near 
top . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  860.0 

113. Limestone and chert; medium-light-gray 
fine- to medium-grained massive lime- 
stone, with abundant dark-gray nodular 
chert beds 0.1-0.3 f t  thick. Massive 
unit forms prominent ledge at  base of 
second main cliff on south end of Sugar- 
loaf Hill . . . . . . . . . . . . . . . . . . . . . . . . . . . .  855.4 

* **112. Dolomite, dark-gray, medium-grained; 
massive beds 1-3 f t  thick. Unit forms 
receding slope below second main cliff on 
south side of Sugarloaf Hill - - - - - - - - - - - -  851. 7 

**Ill.  Limestone and chert; medium-dark-gray 
fine-grained argillaceous thin-bedded 
limestone; irregular beds 0.1-0.5 ft thick; 
heavily silicified limestone or chert 
nodules irregularly distributed through- 
out; nodules range from light gray to 
black, some with light-gray to black 
laminations; thin lenticular zones of 
dark-gray shaly limestone a t  a few levels- 826. 7 

110. Limestone, medium-gray, medium- to 
coarse-grained, thin-bedded, platy, bio- 
clastic . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  804. 7 

Thickness of banded chert-limestone 
member . . . . . . . . . . . . . . . . . . . . . . . . .  428. 9 

Dolomite member: 
*109. Limestone, light-gray, coarse-grained, bio- 

clastic . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  801. 1 
* **108. Limestone, medium-gray, fine-grained, 

slightly argillaceous, bioclastic; weathers 
light gray; thin, slightly irregular beds 
0.1-0.3 f t  thick ------ -----------------  798.6 

**107. Limestone and chert; medium-gray me- 
dium-grained bioclastic limestone in tab- 
ular thin beds 0.1-0.3 f t  thick near base 
and 0.2-0.4 f t  thick in upper part, with 
ragged chert nodules roughly arranged in 

I bands as in units 98 and 99; finely lami- 
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Wachsmuth limestone-Continued Cumulative thicknesr 
abooe dntum 

Dolomite member-Continued (feet) 
nated dark- and light-gray chert bands in 
lower part, with chert more abundant 
and not so conspicuously laminated 
above 783 ft; chert predominates from 
786.6 to 789.6 ft and zone superficially 
appears to be chert breccia ------------  794. 6 

**106. Limestone, medium-gray, medium- to 
coarse-grained, platy, bioclastic; thin 
undulatory beds 0.2-0.5 f t  thick from 
746.2 to 753.9 ft, and 0.6-1.2 ft thick 
from 753.9 to 760.1 ft; beds in upper part 
more massive . . . . . . . . . . . . . . . . . . . . . . . .  760. 1 

**105. Limestone and chert; medium-dark-gray 
fine-grained thin-bedded limestone of 
specularitic appearance, with abundant 
prominent black chert nodules concen- 
trated in upper part of unit; nodules more 
rounded than in unit 98. Unit forms 
prominent ledge at  top of cliff- - - - -----  746.2 

""104. Dolomite, medium-gray, coarse-grained, 
bioclastic; massive beds with a black 
chert bed 0.1-0.3 ft thick along bedding 
plane a t  731 f t  . . . . . . . . . . . . . . . . . . . . . . .  736. 1 

103. Limestone and chert; medium-gray fine- 
grained bioclastic limestone, with black 
chert nodules arranged roughly in bands. 
Forms massive ledge ------------------  730.3 

* **102. Limestone, light-gray, coarse-grained, 
massive, bioclastic; top bed, from 724.6 
to 726 ft, is very coarse grained, with 
abundant crinoid columnals throughout; 
Echinoconchus a t  base; beds 1.4-1.6 f t  
t b i c k - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  726.0 

*101. Limestone, medium-light-gray to brownish- 
gray, medium-grained, slightly argilla- 
ceous, bioclastic; 2 beds, 0.5 and 0.9 ft 
thick------------------------------- 721.5 

* **loo. Limestone and chert; medium-dark thin- 
bedded platy fine-grained argillaceous 
bioclastic limestone of specularitic ap- 
pearance, with abundant very ragged 
chert nodules,arranged roughly in bands; 
similar to unit 98, but with more massive 
beds and less chert- ---------------  ---  720.1 

99. Limestone and chert; medium-dark-gray 
fine-grained argillaceous bioclastic lime- 
stone; single bed, more massive than 
those in unit 98 and with less chert, quite 
distinct from underlying limestones; 
Syringopora common- - - --------------  71 1.5 

* ** 98. Limestone and chert; medium-dark-gray 
fine-grained thin-bedded platy argilla- 
ceous bioclastic limestone of specularitic 
appearance, interbedded with abundant 
very ragged black chert nodules arranged 
roughly in bands; chert nodules seem to 
be secondary and contain molds of cri- 
noid columnals. Unit forms well-defined 
cliff ................................. 710.0 

** 97. Limestone, medium-gray, coarse-grained, 
bioclastic; weathers to pitted surface and 
is recessed beneath massive overhanging 
cliff made by unit 98; 3 massive dolomitic 

Wachsmuth limestone-Continued Cumulative thicknesr abooe datum 
Dolomite member-Continued (feet) 

limestone beds from 687.3 to 689.4 ft, 
690.2 to 693.8ft1 and 694.8 to 697 ft; thin 
limestone beds, 0.1-0.3 f t  thick, from 
689.4 to 690.2 ft and from 693.8 to 694.8 
f t - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  697.0 

96. Limestone and chert; medium-dark-gray 
medium-grained limestone similar to unit 
95 but with fewer light- and dark-gray 
chert nodules . . . . . . . . . . . . . . . . . . . . . . . .  687.3 

** 95. Limestone and chert; medium-dark-gray 
fine- to medium-grained irregularly bed- 
ded dolomitic(?) platy limestone; specu- 
laritic appearance; fine-grained beds a t  
base grade upward to medium grained a t  
top; beds appear to be crosslaminated 
and are 0.3-0.7 f t  thick; medium-light- 
gray elliptical chert nodules throughout 
that bear no relation to bedding; medi- 
um-gray fine-grained basal bed from 677 
ft to 677.7 ft. Unit forms massive ledge- 683. 3 

94. Dolomite, light- to medium-gray, fine- to 
medium-grained, bioclastic- - - - -----  ---  677. 0 

** 93. Limestone, light- to medium-gray, coarse- 
grained, bioclastic, dolomiti;; 10 percent 
crinoid columnals, fragments of brachi- , - 
opods, and large solitary corals; 2 beds, 
0.8 and0.9ft  thick -------------------  673.0 

** 92. Dolomite, light- to medium-gray, medium- 
grained; beds 0.9-2 ft thick; grain size 
slightly greater than that of dolomite in 
unit 89; numerous coarsely crystalline 
calcite veins . . . . . . . . . . . . . . . . . . . . . . . . .  671. 3 

* ** 91. Limestone, medium-dark- to dark-gray, 
fine-grained, argillaceous, irregular, thin- 
bedded; appears to be crosslaminated; 
basal beds have specularitic appearance 
caused by many small calcite crystal 
faces; elliptical white chert nodules con- 
tain fenestrate bryozoans; beds 0.2-0.6 ft 
thick; relatively soft where weathered--- 664. 7 

** 90. Dolomite, light- to medium-gray, medium- 
grained; beds 0.9-2.7 ft thick- - - -- - - - - - 658. 8 

** 89. Dolomite, light- to medium-gray, medium- 
grained, massive; beds 0.8-2.7 f t  thick. 
Unit forms conspicuous ledge ----------  653. 4 

88. Limestone, medium-gray (N 5) to brownish- 
gray (5YR 4/1), medium- to coarse- 
grained, bioclastic, soft; weathers readily- 646. 5 

** 87. Dolomite, medium-gray ( N  5) to brownish- 
gray (5 Y R  4/1), fine-grained, argilla- 
ceous, porous; vugs partly filled with 
secondary calcite . . . . . . . . . . . . . . . . . . . . .  645. 2 

86. Limestone, light-gray (N 7 t o N  8), medium- 
grained, bioclastic(?) ------------------ 641. 2 

** 85. Dolomite, light-gray (N 7 to N 8), medium- 
crystalline . . . . . . . . . . . . . . . . . . . . . . . . . . .  640. 5 

** 84. Dolomite, light-gray, medium-crystalline, 
massive; bed forms ledge --------------  635. 4 

83. Limestone, light-gray ( N  7 to N 8), fine- 
grained; thin, irregular beds, ----------  629. 5 

** 82. Limestone, light-gray (N 7 to N 8), medium- 
grained, bioclastic; thin, slightly irregular 
beds . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  629. 1 
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Wachsmuth limestone-Continued ~~~r ob00cd.tum 
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** 81. Dolomite, light-gray (N 7 to N 8), weathers 

light gray; medium crystalline. One 
massive, conspicuous bed from 596.1 to 
598ft - - - - , - - - - - - - - - - - - - - - - - - - - - - - - - -  628.5 

80. Dolomite or dolomitic limestone, light- 
gray (N 7 to N 8), medium-crystalline, 
thin-bedded; weathers medium light 
gray-------------------------------- 620.5 

** 79. Dolomite, light-gray (N 7 to N 8), medium- 
crystalline; weathers medium light gray. 
Bed weathers to rounded and knobby 
surface------------------------------ 619.4 

** 78. Dolomite or dolomitic limestone, light- 
gray (N 7 to N 8), medium-grained, bio- 
clastic; weathers medium light gray; 
thin nodular beds 0.4-0.7 ft thick- ---,- 614. 6 

77. Dolomite or dolomitic limestone, light- 
gray (N 7 to N 8), medium-grained, bio- 
clastic; weathers medium light gray. 
Softer and less resistant to weathering 
than units 47 to 76 --------------..---- 611.6 

** 76. Dolomite or dolomitic limestone, light- 
gray (N 7 to N 8), medium-grained, bio- 
clastic; weathers medium light gray; ir- 
regular or wavy bedded, almost lami- 
nated; beds 0.1-2.3 ft  thick ---, - - -- ---- 609.3 

** 75. Dolomite, light-gray (N 7 to N 8), medium- 
crystalline; weathers medium light gray, 
with pitted, honeycombed surface; some 
fossil fragments; indistinct bedding 
planes at 598.3, 601.5, 602.4, and 603.2 
f t .  Unit forms massive ledge ---,--,--- 603.6 

** 74. Dolomite, similar to unit 75; massive bed 
from 592.3 to 595.8 ft  which is thin 
bedded in top 0.7 ft; poorly developed 
beds from 595.8 to 596.7 are 0.1-0.2 ft 
thick -------------------------------  596.7 

** 73. Dolomite, similar to unit 75; more finely 
crystalline than dolomite in unit 71; beds 
1.0-3.3 ft  thick; forms distinct ledge; 
Syringopora in talus a t  589.8 ft-  - - ----- 589. 8 

** 72. Dolomite, similar to unit 75, with faint 
irregular laminae; more finely crystalline 
in upper part; vuggy, very porous; beds 
0.8-1.9 ft thick- - - -------------------  580.3 

** 71. Dolomite, similar to unit 75, with faint ir- 
regular laminae throughout; beds 0.6-2.1 
ft  thick. Forms ledge ------,--------- 573.7 

70. Chert, laminated white and light-gray, 
dolomitic ............................ 566.3 

69. Limestone, medium-gray, fine- to medium- 
grained; irregular thin beds --,--------- 566. 1 

68. Chert, laminated white and light-gray, 
dolomitic ---------------------------- 565.2 

67. Limestone, medium-gray, medium-grained, 
bioclastic, dolomitic(?) ---------------- 564. 9 

** 66. Chert, laminated white and dark gray in 
lower part, laminated white and light 
gray in upper part; bed 0.7-0.9 ft  thick- 564. 5 

65. Limestone, light-gray, medium-grained, 
bioclastic, dolomitic(?) ---------------- 563. 7 

64. Chert and limestone; two nodular beds of 
grayish-black chert separated by thin 

Wachsmuth limestone-Continued Cumulative thickncsd 
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irregular bed of mottled medium-light- 
gray to medium-gray, medium- to 
coarse-grained, argillaceous granular 
limestone -,-----,-------------------- 563.3 

63. Limestone, mottled medium-light-gray to 
medium-gray, medium- to coarse-grained, 
argillaceous to clean bioclastic- - ------- 562. 8 

* 62. Chert and limestone; laminated light-gray 
to medium-dark-gray microcrystalline 
chert, with thin interbedded layers of 
light-gray fine-grained dolomitic(?) lime- 
stone; chert predominates ------------- 561.3 

61. Limestone, light-gray, fine- to medium- 
grained, bioclastic; irregular thin beds--- 559. 8 

60. Limestone and chert; olive-gray (5Y 4/1) 
medium-grained nodular limestone, with 
nodular beds of dark-gray chert -------- 556.0 

59. Limestone, olive-gray (5 Y 4/1), medium- 
grained, bioclastic -------------------- 553. 6 

** 58. Chert and limestone; laminated grayish- 
black (N 2) and light-gray (N 7) fine- 
grained dolomitic(?) chert, with thin 
lenses of light-olive-gray (5 Y 612) fine- 
grained bioclastic limestone ------------ 552. 1 

** 57. Limestone, olive-gray (5Y 4/1), fine- 
grained, bioclastic . . . . . . . . . . . . . . . . . . . .  550. 8 

56. Chert, black, dense, vitreous, nodular ----- 550.2 
55. Limestone, light-gray, medium- to coarse- 

grained, bioclastic -------------------- 549.9 
** 54. Limestone, light-gray, medium-grained, 

nodular, with black chert nodules- - - - - - 549. 4 
53. Dolomite, thin white and black laminations, 

fine-grained, hard, silicified, with thin 
lenticular bands of black chert; thin 
lentil of medium-grained bioclastic lime- 
stone in middle of bed ---------------- 548.4 

52. Limestone, dark-gray, fine- to medium- 
grained, granular, bioclastic--- -------- 547. 5 

51. Dolomite, thin white and black laminations, 
fine-grained, hard, silicified ------------ 547. 1 

50. Limestone, dark-gray, fine- to medium- 
grained, granula?, bioclastio- - - - - -- - --- 646. 7 

* ** 49. Limestone, very-light-gray, medium- to 
coarse-grained, bioclastic -------------- 546.4 

48. Covered; limestone or dolomite beds------ 531. 8 
47. L i m e s  t o n e, dark-brownish-gray, fine- 

grained, shaly, argillaceous ------------ 508. 7 
** 46. Limestone, dark-brownish-gray, fine- 

grained, platy, argillaceous, interbedded 
with thin layers of dark-gray porce- 
laneous chert . . . . . . . . . . . . . . . . . . . . . . . .  505.7 

** 45. Shale, dark-gray, clay-size particles, fissile, 
with interbedded dark-gray porcelaneous 
silicified claystone or chert ------------ 498.4 

44. Shale, dark-gray, clay-size particles, fissile; 
very siliceous from 494.2 to 494.8 ft. 
Forms resistant bed-, ---------------- 495. 1 

43. Limestone, dark-gray, fine-grained, hard, 
siliceous, argillaceous(?) --------------- 494. 2 

42. Shale, dark-gray, clay-size particles, fissile. 
Very siliceous basal 0.2 f t  forms resistant 
ledge------------------------------- 493.9 



THE PALEOZOIC SECTION IN THE SHAININ LAKE AREA 23 

Wachsmuth limestone-Continued Cumuhtioe thickncas 
dm datum 

Dolomite member-Continued (feet) 

** 41. Limestone, dark-gray, medium- to coarse- 
grained, bioclastic . . . . . . . . . . . . . . . . . . . .  493. 0 

** 40. Limestone, dark-gray, fine-grained, dolo- 
mitic, with large concentrically banded 
round chert concretions 0.6-1.4 f t  in 
diameter; becomes shaly in top 0.8 ft; 
concretions, probably secondary, com- 
posed of porous chert and dark-gray 
dolomitic limestone in alternating layers 
5-20 mm thick. Top surface of bed may 
represent intraformational unconformity 
or disconformity - - - -- - -- -- ---- - - - -- - - 492. 8 

** 39. Limestone, light-gray, medium- to coarse- 
grained, dolomitic, bioclastic, with dark- 
gray chert nodules - - - - - - - - - - - - - - - - - -  489. 8 

38. Dolomite, dark-gray, fine-grained, siliceous; 
irregular laminae; dark-gray chert nod-- 
ules - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  482.8 

** 37. Shale, dark-gray, clay-size particles, highly 
calcareous, hard, flaky, with interbedded 
dark-gray fine-grained very argillaceous 
slightly laminated dolomite ------------ 476. 5 

36. Dolomite, dark-gray, fine-grained, massive; 
very thin laminae, very argillaceous- - - - 475. 4 

** 35. Shale, dark-gray, clay-size particles, highly 
calcareous, hard, flaky, with interbedded 
lenticular dark-gray fine-grained sili- 
ceous(?) dolomite beds 0.1-0.7 ft thick-- 474. 3 

14. Limestone and chert; dark-gray limestone 
almost completely replaced by dark-gray 
chert; unit is composed of irregular chert 
nodules and may represent residual-chert 
zone a t  an intraformational break----- - - 463. 3 

33. Limestone, dark-brown, fine- to medium- 
grained, bioclastic, with irregular bed- 
ding-------------------------------- 461.3 

** 32. Limestone, medium-dark-brownish-gray, 
medium- to coarse-grained, petrolifer- 
ous(?)- - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  458.3 

** 31. Dolomite, dark-gray, fine-grained; very 
thin, irregular shaly beds 0.2-0.4 f t  
thick; dark- and light-gray laminae; very 
siliceous; a few interbedded stringers of 
dark-gray he-grained argillaceous lime- 
stone 11-40 mm thick-- -------------- 452. 1 

** 30. Limestone, medium-dark-gray, medium- 
grained, crinoidal, bioclastic, with bio- 
hermal bedding . . . . . . . . . . . . . . . . . . . . . .  446. 1 

** 29. Limestone, medium-dark-gray, medium- 
grained, slightly crinoidal, bioclastic; ir- 
regular beds 0.7-3 f t  thick; freshly 
broken pieces give strong odor of petro- 
leum(?)----------------------------- 444. 7 

** 28. Limestone, medium-brownish-gray, me- 
dium- to coarse-grained, crinoidal, bio- 
clastic; freshly broken pieces give very 
strong odor of petroleum(?); basal nod- 
ular dark-gray chert bed 0.3-0.7 f t  thick 
a t  426.6 ft, a second chert bed 0.9-1 f t  
thick a t  428.7 f t  ------- -- --------- --- - 430.1 

** 27. Limestone, light-brownish-gray, medium- 
grained, bioclastic; freshly broken pieces 
give strong odor of petroleum(?) - - - ---- 426. 6 

Wachsmuth limestone-Continued Cumulative tbicknedr abooc datum 
Dolomite member-Continued Wt) 
* ** 26. Limestone, medium-dark-gray, fine-grained, 

petroliferous(?); massive but with dis- 
tinctly irregular bedding; much dark-gray 
nodular chert along bedding and within 
beds . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  422. 1 

25. Limestone, medium-dark-gray, fine-grained, 
very nodular- . . . . . . . . . . . . . . . . . . . . . . .  413. 1 

* ** 24. Limestone, similar to unit 26; chert nodules 
sparse from 407.3 to 408 f t  ------------  411. 1 

** 23. Limestone, medium-dark-gray, fine-grained, 
massive; uneven basal contact, flat upper 
contact----------------------------- 405. 1 

** 22. Limestone, medium-dark-gray, fine-grained, 
nodular, thin-bedded, shaly, petrolifer- 
ous(?), argillaceous, with many dark- 
gray chert nodules -------------------- 402. 1 

2 1. Limestone, medium-dark-gray, fine-grained, 
shaly . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  396. 1 

** 20. Limestone, medium-dark-gray, fine-grained, 
petroliferous(?), bioclastic; overlain by 
0.2-ft-thick bed of dark-gray slightly 
nodular chert . . . . . . . . . . . . . . . . . . . . . . . .  395. 6 

** 19. Limestone, light-gray to medium-dark- 
gray, medium- to coarse-grained, bio- 
clastic; 30-50 percent cdnoid columnals- 394. 5 

** 18. Limestone, dark-gray, fine-grained, shaly, 
argillaceous(?), petroliferous(?); beds 7- 
20 mmthick-- - - - - - - - - - - - - - - - - - - - - - - -  383.0 

** 17. Limestone, light-gray, medium-grained, 
bioclastic; irregular bedding in basal 
part . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  382.0 

** 16. Limestone, dark-gray, fine-grained, very 
argillaceous, with interbedded dark-gray 
to black nodular fossilocastic vuggy chert; 
bedding irregular; weathers to dark 
band along outcrop -------------------  377. 7 

15. Covered; limestone or dolomite beds------ 367. 7 
** 14. Limestone and dolomite, light-gray, me- 

dium-grained, bioclastic; nodular black 
chert band at  345.5 ft; bed of shaly lime- 
stone from 348.5 to 349 f t  -------------  350. 7 

13. Limestone and dolomite; descriptions are 
of samples taken from this unit in 1950 
(see page 18) - - ----------------------  333. h 

**Limestone, slightly dolomitic, light- 
gray, medium- to coarse-grained, 
bioclastic, with coarse grains of 
crinoidal fragments.. - - -------  a t  326. O 

**Limestone, slightly dolomitic, very- 
light-gray, medium- to coarse- 
grained, bioclastic, crinoidal, soft 
and crumbly- ---------------  a t  321.0 

**Limestone, light-gray, somewhat dol- 
omitic, coarse-grained, poorly 
sorted, bioclastic, crinoidal, with 
many large vugs ------------- a t  315.0 

**Limestone, similar to that a t  315 
f t  . . . . . . . . . . . . . . . . . . . . . . . . . .  a t  310.0 

**Limestone, similar to that a t  315 
f t  . . . . . . . . . . . . . . . . . . . . . . . . . .  a t  305.0 

**Limestone, dolomitic, light-gray, 
medium- to coarse-grained, well- 
sorted, bioclastic, with a few large 
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Wachsmuth limestone-Continued Cumulative thickness 
above datum 

Dolomite member-Continued (feet) 

crinoid fragments and large veins 
of calcite - - - - - - - - -  ----------  a t  301.0 

**Dolomite, light-gray, medium- 
grained, similar to that a t  265 
f t  . . . . . . . . . . . . . . . . . . . . . . . . . .  a t  300.0 

**Limestone, dolomitic, light-gray, 
coarse-grained, bioclastic; grades in 
hand specimen to medium-gray 
fine grained sawroidal dolomite--at 295. 0 

**Dolomite, light-gray, medium- 
grained, bioclastic, with thin 
lenses and zones of large crinoid 
fragments; crinoidal lenses are 
predominantly limestone------ a t  290. 0 

**Limestone, very dolomitic, light- 
gray, medium-grained, poorly 
sorted; bioclastic, crinoidal; with 
Platycrinites - - - - - - - - - - - - - - - - -  a t  285. 0 

**Limestone, similar to that a t  285 ft, 
but coarse grained ------------ a t  280.0 

**Limestone, similar to that a t  280 
ft-------------------------- a t  275.0 

**Dolomite, very-light-gray, coarse- 
grained, poorly sorted, with me- 
dium-grained saccaroidal matrix 
enclosing coarse grains and large 
fragments of fossils; many small 
vugs . . . . . . . . . . . . . . . . . . . . . . .  a t  270.0 

**Dolomite, light-gray, medium- 
grained, with irregular dark 
patches of bituminous(?) organic 
material ;  saccaroidal, even- 
grained . . . . . . . . . . . . . . . . . . . . .  a t  265.0 

**Dolomite, very-light-gray, medium- 
to coarse-grained, compact, sac- 
caroidal, even-grained; a few fossil 
fragments - - - - - - - - - - - - - - - - - - -  a t  260.0 

**Dolomite, yellowish-gray, medium- 
grained, with numerous large 
vugs . . . . . . . . . . . . . . . . . . . . . . .  a t  255.0 

**Dolomite, light-brownish-gray, me- 
dium-grained, with few fossil frag- 
ments; saccaroidal, even grained 

a t  250. 0 
**Dolomite, light-gray, fine-grained, 

compact, with few fossil frag- 
ments ----------------------  a t  245.0 

** 12.l~olomite, dark-gray, medium-grained, 
massive, bioclastic . . . . . . . . . . . . . . . . . . . .  240. 5 

=- 

Thickness of dolomite member- - - - - - - 564 6 

Crinoidal limestone member (incomplete) : 
* 11. Limestone, dark-gray, fine-grained, argil- 

laceous, dolomitic, thin-bedded, platy, 
with interbedded nodular black chert 
beds-------------------------------- 236.5 

10. Limestone, medium-dark-gray, medium- 
grained, bioclastic, dolomitic ----------- 232. 8 

Wachsmuth limestone-Continued Cumulative thickness 
above datum 

Crinoidal limestone member-Continued (feet) 
* ** 9. Limestone, dark-gray, fine-grained, argil- 

laceous, thin-bedded, platy, with inter- 
bedded nodular black chert beds- - - - - - - 23 1.2 

** 8. Limestone, light-gray, medium- to coarse- 
grained, bioclastic . . . . . . . . . . . . . . . . . . . .  222. 5 

** 7. Limestone, medium-dark-gray, medium- 
grained, with dark-gray chert nodules; 
thin and irregular beds ---..------------ 209.5 

* ** 6. Limestone, medium-dark-gray, medium- 
grained, thin-bedded, slightly shaly, 
bioclwtic . . . . . . . . . . . . . . . . . . . . . . . . . . .  203. 5 

* 5. Limestone, dark-gray, medium-grained, 
bituminous(?), bioclastic; massive, but 
with indistinct beds averaging 1.5 ft in 
thickness . . . . . . . . . . . . . . . . . . . . . . . . . . . .  188. 5 

* 4. Limestone, light-gray, medium-grained, 
bioclastic, with thin irregular lenses of 
coarse-grained crinoidal limestone be- 
tween more massive beds- ------------  172. 5 

* ** 3. Limestone, medium-dark-gray, seminod- 
ular, shaly; no chert in lower 3 feet of 
unit; dark-gray chert nodules abundant 
from 144.5 to 148 ft; irregular beds of 
medium-dark-gray medium-grained bio- 
clastic limestone at  143.8 and 148.4 ft; 
upper bioclastic bed 0.5-0.8 f t  thick; 
elongate Pentremites, Platycrinites, Di- 
chocP.inus, fenestrate bryozoans and 
Spirifer common . . . . . . . . . . . . . . . . . . . . .  149. 5 

** 2. Limestone, light-gray, fine- to medium- 
grained, with minor amount of medium- 
dark-gray chert nodules; tabular beds 1- 
2.5 ft thick ---------,---------------- 141.3 

* ** 1. Limestone, light-gray, fine-grained, nodular, 
shaly, interbedded with elongate, irregu- 
lar nodules of medium-dark-gray chert; 
similar to unit 9 of stratigraphic section 
H, which was measured one-half mile 
east on the south face of Mount Wachs- 
muth; the strata below unit 9 of section 
H are similar to those below unit 1 of 
this section. Strata shown in section H 
and this section overlap and correlation 
of the two is shown on pl. 5. This unit is 
4 f t  thick . . . . . . . . . . . . . . . . . . . . . . . . . . . .  126. 3 - 

Thickness of crinoidal limestone mem- 
ber measured- --- - - - -- - - - -- - - - - - - - 114. 2 

Total thickness of crinoidal lime- 
stone member (see pl. 5) - - - -  - -  -- 218. 9 

Thickness of Wachsmuth limestone 
measured ---- - - - - - - - - - - - - - - - - - - - - 994 f - 

Total thickness of Wachsmuth 
limestone (see pl. 5) --------  1,230f 

I_ 
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ALAPAH LIMESTONE I 
The northern part of Mount Wachsmuth, the type 

locality of the Alapah limestone, is composed entirely 
of this formation. The slope of the north side of 
Sugarloaf Hill is steeper than the dip of the strata; 
for this reason there is an interruption of the section by 
the creek valley north of Sugarloaf Hill, although a 
continuous section of Alapah limestone is present. A 
section along a single line of traverse across the top 
of Sugarloaf Hill was carried to the uppermost beds 
in the section on the hill (section J). Another section 
(section K), along a line of traverse starting a t  creek 
level north of Sugarloaf Hill, contains beds that are stra- 
tigraphically below the top of section J. This traverse 
was carried up and over the North Ridge and down the 
dip slope to the uppermost exposed beds of the Alapah 
limestone (pl. 1). The limestone near the top of the 
formation is covered by glacial gravel and alluvium. 

The relations between sections K and J are shown on 
plate 6. These two sections together are a detailed 
description of the Alapah limestone a t  its type locality. 

The lower part of the Alapah limestone includes the 
shaly limestone member, the dark limestone member, 
the platy limestone member, and part of the banded 
limestone member. The shaly limestone member 
disconformably overlies the Wachsmuth limestone at  
the type locality on Sugarloaf Hill and Mount Wachs- 
muth. The disconformity is not conspicuous. The 
basal shaly and cherty limestone beds of the formation 
lie over slight irregularities on the top of the Wachs- 
muth limestone. As much as 6 feet of strata in the 
top of the Wachsmuth limestone is truncated beneath 
the disconformity within a few hundred feet along the 
strike. Fossils in the upper foot of the Wachsmuth 
limestone are silicified. Elliptical chert nodules, as 
large as 1 foot long and 0.4 foot in diameter, lie a t  the 
contact and may be residual cobbles or boulders. 
Lithostrotionoid corals occur as cobbles; some are 
preserved in a position of growth in the base of the 
Alapah a t  the contact. In  places the top 0.4 foot of 
the underlying limestone contains a heavy concentra- 
tion of comminuted fossil fragments. In other places 
the top surface of the Wachsmuth limestone is covered 
with a shingle pavement of broken shells, fish teeth, and 
phosphate pebbles. 

This section, a continuation of section I, starts a t  
the south crest of Sugarloaf Hill and ends with the 
youngest bed exposed a t  the north end of Sugarloaf 
Hill. 

LOWER PART, ALAPAH LIMESTONE--SECTION J 

1 Section on ridge top of Sugarloaf Hill, west slope of Mount Wachs- 
mulh, at lat 68°19t40"N., long 16O065'15"W. (approximate) 

I 

[Measured with tape and hand level by the authors and C. J. Gudim in 1949 
Graphic section, pl. 6; location. pl. 21 

A l a ~ a h  limestone: 

Cumulative thickness 
above base of 
section (feel) 

Banded limestone member (incomplete; see correlated 
stratigraphic section K) : 

117. Limestone, medium-gray t o  medium-dark- 
gray, fine-grained; nodular beds 0.1-0.6 
f t  thick. This unit includes the highest 
beds exposed on Sugarloaf Hill - - - - - - - -  503. 5 

116. Limestone, brownish-gray, medium-grained, 
bioclastic, with somewhat nodular beds of 
medium-gray fine-grained limestone from 
493.2 to  493.7 ft, 494.2 to  494.4 ft, and 
495.1 to  495.9 f t  . . . . . . . . . . . . . . . . . . . . .  495. 9 

115. Limestone, brownish-gray, medium-grained, 
nodular, bioclastic, interbedded with 
medium-gray fine-grained nodular dense 
limestone; beds 0.4-0.6 f t  thick - - - - - - - -  493. 2 

**114. Limestone, light-brownish-gray, coarse- 
grained, irregularly bedded; beds 0.4-0.7 
f t  thick; similar to  bed 36 of section K-- 490. 1 

113. Limestone, light-brownish-gray, medium- 
grained; tabular beds 1.2-1.8 f t  thick, 
interbedded with light-brownish-gray 
very fine grained dense nodular limestone 
beds 0.4-1 f t  thick; this is an alternating 
sequence of mediuni-grained and more 
resistant fine-grained limestone beds, 
which stand out on weathered surfaces. 
Unit forms conspicuous ledge - -_ - - - - - - -  487. T 

112. Limestone, brownish-gray, medium-grained, 
bioclastic, with crinoid columnals; 1 bed 
of medium-gray very fine grained nodular 
limestone from 468.3 to  468.7 f t  which 
ranges from a feather edge to 0.5 f t  in 
thickness . . . . . . . . . . . . . . . . . . . . . . . . . . . .  470. 8 

"111. Limestone, mnedium-gray, fine-grained, 
nodular; beds 0.6-1.3 f t  thick- - - - -  - -  - --  468. 0 

110. Limestone, medium-gray, medium-grained, 
bioclastic, containing single bed of 
medium-gray very fine grained nodular 
dense limestone 0.3-0.7 f t  thick in middle 
par t_ -  - - -  . . . . . . . . . . . . . . . . . . . . . . . . .  464. 2 

109. Limestone, medium-gray, medium-grained, 
bioclastic; beds 0.5-1.1 f t  thick, with 
nodular beds of medium-gray very fine 
grained dense limestone 0.2-0.5 f t  thick; 
very fine grained beds tend to be silicified. 
Unit forms distinct ledge - - - - - - - - - - - - - -  461. 1 

108. Limestone, medium-gray, fine-grained, nod- 
ular, bioclastic, with sparse crinoid os- 
sicks; beds 0.4-0.8 f t  thick, interbedded 
with nodular beds of medium-gray very 
fine grained dense limestone 0.1-0.4 f t  
thick; base of unit similar t o  base of unit 
28, section K. Unit forms conspicuous 
ledge-------------------------------  456.7 
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Cumulatiut thickneas 
abooe base of 

Alapah limestone-Continued acetion (feet) 
Banded limestone member (incomplete; see correlated 

stratigraphic section K)-Continued 
**107. Limestone, light-brownish-gray, fine- 

grained, with interbedded nodular beds 
and nodules of grayish-black fine-grained 
limestone; dark nodular limestone beds 
0.1-0.5 f t  thick - - - - - - - - - - _ _ _ _ - - - - - - - -  453.0 

* **106. Limestone, light-brownish-gray, fine- 
grained, bioclastic; beds 0.4-0.6 ft thick, 
interbedded with grayish-black fine- 
grained bioclastic limestone in beds 
ranging from feather edge to 0.3 f t  in 
thickness; basal part of unit is similar to 
basal part of unit 26 at  446.2 ft in section 
K. Unit forms conspicuous ledge.. - - - - - 448. 6 

Thickness of banded limestone member 
measured - - - - - - - - _ - - - - - - - - - - _ _ - -  57. 3 

Total thickness of banded lime- 
stone member (see pl. 6)- - - - - -  209. 9 

Platy limestone member: 
* **lob. Limestone, brownish black a t  base grading 

to  light brownish gray a t  top; medium 
grained from 435.4 to 437.4 ft, grading 
upward to coarse grained from 437.4 to 
442.1 ft, and becoming 6ne grained from 
442.1 to 446.2 ft; bioclastic, with many 
crinoid columnals; numerous nodular 
beds and bands of nodular grayish-black 
dense chert (see pl. 6 for position in unit) ; 
large solitary corals common - - - - - - - - - -  446. 2 

104. Chert, dense, grayish-black, nodular; beds 
0.1-0.3 f t  thick- - - - - - - _ -  --. _ _ _ _ _ _ _  _ _ - 435. 4 

103. Limestone, brownish-black, fine-grained, 
massive, with rough weathered surface, 
which is brownish gray - - - - _ _ _ _ - - _ _ - - - -  434. 9 

102. Covered; beds are chert and limestone (see 
correlated section K, units 8 to 20) - _ _ _ _ 433. 8 

101. Limestone, light-brownish-gray to medium- 
gray, mottled, medium-grained, massive- 398. 2 

100. Chert, light-gray, dense, irregularly bedded, 
nodular; appears somewhat calcareous; 
2.3-3.6 f t  thick; individual elliptical 
chert nodules as much as 0.5 f t  thick; 
similar to bed 6, section K. Forms con- 
spicuous ledge- - - - - - -__ - - -_________. . -  397. 3 

99. Limestone, light-brownish-gray, medium- 
to coarse-grained, massive; weathers 
brownish gray- - - - - - - - - - _ _ _ _ _ - - - - - - - -  393. 8 

,98. Chert, medium-gray to dark-gray, mottled, 
nodular, dense; bed 0.3-0.8 f t  thick - - - - -  391. 3 

,97. Limestone, light-brownish-gray, medium- 
to coarse-grained, massive - - _ - - - - - - - - - -  391. 0 

96, Limestone, light-brownish-gray, medium- 
grained; very irregular platy beds range 
from less than 0.1 to 0.5 f t  in thickness- - 387. 9 

95. Limestone, light-brownish-gray, medium- 
to coarse-grained; irregular, platy beds 
0.3-1.2 f t  thick; shaly partings within 
beds only a few millimeters apart- _ _ - - - 383. 2 

* 94. Limestone, pale-yellowish-brown, fine- to 
coarse-grained, dense; beds 0.4-0.5 f t  
thick a t  base, 0.1-0.2 f t  a t  top - - - - - - - - -  377. 1 

Curnulathe thickncsa 
abooe base of 

Alapah limestone-Continued section (feet) 
Platy limestone member-Continued 

93. Limestone, pale-yellowish-brown, coarse- 
grained, bioclastic, with Sulcoretepora, 
Batostomella, and Dictyoclostus; irregular 
beds 0.1-0.3 ft thick _.-------------___ 373. 7 

** 92. Limestone, pale-yellowish-brown (IOYR 
6/2), fine- to medium-grained, bioclastic, 
with Batostomella; more dense than unit 
91; 0.3-0.6 f t  thick _-_ - - - - - - - - - - - - -___  372. 4 

91. Limestone, light-brownish-gray, coarse 
grained a t  base grading upward to me- 
dium grained; irregular, platy beds 0.3- 
0.5 ft thick. Forms distinct ledge - _ - - _ _  371. 1 

90. Limestone, light-brownish-gray, medium- 
grained; shaly, platy, irregular beds a few 
millimeters thick _ _ _ _ _ _ _ - _ _ - _ - - - - - - - - -  360. 8 

89. Limestone, light-brownish-gray, fine- 
grained, h a r d _ - - _ _ _ - _ _ - - - - - - - - - - - - - - -  359.7 

88. Limestone, light-brownish-gray, coarse- 
grained; shaly, platy, irregular beds afew 
millimeters thick - _ _ _ _ _ _ _ - - - - - - - - - - - - -  358. 6 

87. Limestone, similar to unit 89- - - - - - - - - _ _ _  357. 7 
86. Limestone, similar to unit 88 - - - - - - - - _ _ _ _  357. 4 
85. Limestone, similar to unit 89- _ _. - - - - _ _ _ _  356. 5 
84. Limestone, similar to unit 88- _ _ _ - - - - _ _ _ _  356.0 
83. Limestone, similar to unit 89- _ _ - - - - - _ _ _ _  354. 4 
82. Limestone, similar to unit 88- - - - - - - - _ _ - _  354. 0 
81. L i m e s t o n e ,  light-brownish-gray, fine- 

grained, hard; 2 beds 0.3 ft thick _ - _ _ _ _ _  352. 6 
** 80. Limestone, similar to bed 88 _ - - - - - - - _ _ _ _  352. 0 
** 79. L i m e s t o n e  , light-brownish-gray, fine- 

grained, massive, bioclastic; beds 0.3-0.5 
f t  thick _ _ _ _ - - - - _ _ _ - - - - - - - - - - - - - - - _ _ -  350. 5 

78. Limestone, light-brownish-gray, massive, 
bioclastic, with sparse crinoid columnals 
a t  top; medium grained a t  base grading 
upward to very coarse grained; tabular 
beds 0.2-0.7 f t  thick _ _ _ _  _ _ _ - - - - - - _ -  - - -  349. 1 

77. Limestone, light-brownish-gray, coarse 
grained a t  base grading upward to me- 
dium grained a t  top; thin wedging shaly, 
platy, irregular beds range from feather 
edge to 0.1 f t  in thickness; contains 
Sulcoretepora, fenestrate bryozoans, 
Chonetes, and Dictyoclostus - - - - - - - - - - - -  347. 7 

76. Limestone, light-brownish-gray, very coarse 
grained, massive, bioclastic, with com- 
minuted brachiopod fragments - - - -  - _ _ _ _  346. 4 

75. Chert, medium-light-gray to dark-gray, 
mottled, fine, granular, calcareous; 
"woody" weathered surface; seminodular 
irregular bed 0.S0.5 f t  thick; similar to 
unit 1, section K _ _ _ - - - _ _ - - - - - - - - - _ _ _ _  345. 7 

74. Limestone, brownish-gray (5 YR 4/1), me- 
dium-grained, bioclastic; irregular beds 
0.2-0.5 f t  thick- _ _ - -  - - _ - - -  - - - - -  - - _ _ - -  345. 4 

73. Limestone, light-brownish-gray (5YR 6/1), 
fine- to medium-grained, thin-bedded, 
shaly, platy . . . . . . . . . . . . . . . . . . . . . . . . .  342. 6 

72. Limestone, light-brownish-gray (5 YR 6/1), 
fine- to medium-grained, bioclastic; beds 
0.1-0.8ft thick . . . . . . . . . . . . . . . . . . . . . .  341. 8 
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Alapah limeston-Continued Cumdat ioe thickness 
above base of 

Platy limestone member-Continued sect ia  (feet) 

71. Limestone and chert; light-brownish-gray 
(5 Y R 611) medium- to coarse-grained bio- 
clastic limestone, interbedded with mot- 
tled medium-dark-gray to medium-gray 
dense chert nodules 0.2-0.4 ft thick__ ._ _ 339. 6 

70. Chert, light-brownish-gray (5 Y R  6 /1) ,  
dense; nodular beds- - - - - - - - - - - - - - - - - -  338. 1 

69. Limestone, pale-yellowish-brown (10YR 
6/2) ,  coarse-grained, bioclastic--- - - - - - -  337. 5 

68. Chert, medium-gray, fine-grained; irregular, 
nodular beds 0.2-0.4 f t  thick __- - -  - _ -  - _ - 337. 0 

67. Limestone, pale-yellowish-brown, medium- 
to coarse-grained;bioclastic; thin, irregu- 
lar beds 0.1-0.3 f t  thick _ - - - _ _ _ _ - - - - - _ _  336.0 

66. Limestone, pale-yellowish-brown, coarse- 
grained, irregular; unit ranges laterally 
from feather edge to 0.5 f t  in thickness_ - 332. 4 

65. Chert, medium-gray to dark-gray, mottled, 
dense, calcareous, nodular; unit ranges 
laterally from 0.7 to 0.9 f t  in thickness; 
composed of several nodular beds- - - - _ - 332. 2 

64. Limestone, light-brownish-gray, medium- 
grained, massive, bioclastic, with numer- 
ous crinoid columnals; bottom bed 0.4 f t  
thick, top bed 0.6 f t  thick - - - -_ - - - - - - - -  331. 5 

63. Limestone, light-brownish-gray, medium- 
to coarse-grained, bioclastic; thin, platy 
beds 0.2-0.7 f t  thick, somewhat shaly 
with irregular bedding surfaces a few 
millimeters apart; weathers medium 
light gray . . . . . . . . . . . . . . . . . . . . . . . . . . .  330. 5 

62. Limestone, two beds; bottom bed pale- 
yellowish-brown medium-grained bio- 
clastic limestone, 0.6 f t  thick; top bed 
medium-light-gray very fine grained 
dense limestone, 0.4 f t  thick; both with 
scattered small elliptical nodules of 
medium-gray calcareous dense chert - - - - 329. 1 

61. Limestone, light-brownish-gray; grades up- 
ward from medium grained to fine 
grained; thin, platy, somewhat irregular 
beds 0.1-0.5 f t  thick-- - -  - - -  _ _ - -  - -  - - - -  - 328. 1 

60. Limestone, light-brownish-gray, medium- 
grained, bioclastic, massive, with abun- 
dant crinoid columnals; 0.4-ft-thick bed 
a t  top of ledge formed by this unit- - - - - 318. 0 

59. Chert, grayish-black, nodular; beds 0.2-0.4 
f t  thick . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  312. 2 

58. Limestone, light-brownish-gray, fine 
grained a t  base grading upward to me- 
dium grained a t  top, bioclastic; beds 
0.5-1.8 f t  thick from 294.9 to 305 f t ,  and 
0.3-0.8 f t  thick from 305 to 311.5 f t .  
Beds of units 58 through 60 form cliff - - - 311. 5 

57. Limestone, light-brownish-gray, medium- 
to coarse-grained; beds 0.4-0.9 f t  thick. 294. 9 

56. Limestone and chert; medium-dark-gray 
medium-grained bioclastic limestone, 
with several lenticular beds of dark-gray 
chert 0.2-0.3 f t  thick- - - - _  _ - - - -  - -  - -  - - -  284. 1 

** 55. Limestone, medium-dark-gray, medium- 
grained; thin, irregular, biohermal(?) 
beds, 0.2-0.6 f t  thick- - - - - - - -  - - - -  - -  - - - 281.6 

Alapah limestone-Continued Cumulatwe t h i c k m a  above base o 
Platy limestone member-Continued section (feet) 

54. Limestone, medium-dark-gray, medium- 
grained, bioclastic, with sparse inverte- 
brate fossils- - -  . . . . . . . . . . . . . . . . . . . . . .  278. 4 

53. Limestone and chert; dark-gray very fine' 
grained hard nodular irregularly bedded 
limestone, with a few nodular beds and 
nodules of dark-gray chert; limestone 
beds 0.4-0.6 f t  thick, chert beds from 
feather edge to 0.4 f t  thick; similar to unit 
51 but slightly coarser and thicker 
bedded, with fewer nodular beds and 
nodules of chert . . . . . . . . . . . . . . . . . . . . . .  277. 1 

52. Limestone, dark-gray, very fine grained, 
semilithographic, hard, nodular, irregu- 
larly bedded, with a few lenticular bio- 
clastic masses . . . . . . . . . . . . . . . . . . . . . . . .  271. 1 

51. Limestone and chert; dark-gray very fine 
grained semilithographic hard nodular 
limestone; irregularly interbedded with 
nodular beds and nodules of dark-gray 
chert; limestone beds 0.2-0.4 f t  thick, 
chert beds from feather edge to  0.3 f t  
thick---------------------------_---  268.1 

-- -- 
Thickness of platy limestone member- 186. 6 

Dark limestone member: 
* 50. Limestone, brownish-gray, coarse-grained, 

hard, massive, bioclastic; becomes me- 
dium dark gray, medium grained, soft, 
and argillaceous above 250.6 ft; prismatic 
lithostrotionid corals abundant from 
248.3 to 250.8 ft; crinoid ossicles present 
from 250.8 to 259.6 ft - - - - - - - - - - - -  ._--- 259. 6 

49. Limestone, brownish-gray, medium-grained, 
bioclastic, thin-bedded; grades upward 
into massive limestone of unit 50; beds 
0.1-0.2ft thick . . . . . . . . . . . . . . . . . . . . . .  247.8 

48. Limestone, brownish-gray, medium- 
grained, bioclastic; beds 0.3-0.4 f t  thick- 246. 6 

47. Limestone, moderate yellowish brown a t  
base, grading upward to light brownish 
gray and becoming medium dark gray a t  
top; fine grained a t  base becoming me- 
dium grained a t  top; massive, with 
prismatic lithostrotionid corals - - - - - - - - -  245. 5 

46. Limestone, moderate-yellowish-brown, fine- 
to medium-grained, thin-bedded; beds 
0.05-0.2 f t  thick- - - -. -- -  - -  - -  - - -  - - - -_  - 243.1 

45. Covered; beds thought to be limestone 
similar to unit 44, perhaps shaly- - _ _ - - -  242. 2 

44. Limestone, medium-dark-gray, fine- 
grained; beds 0.4-0.9 f t  thick - - - - - - - - - -  238.2 

43. Covered; beds thought to be limestone 
similar to unit 42; appear shaly ---.-- - - 236. 4 

* 42. Limestone, medium-dark-gray, Lne- 
grained; beds 0.3-1.6 f t  thick; pris- 
matic lithostrotionid corals from 216.4 
to 217.7 f t  and from 218.7 to 219.3 ft. 
Weathers to rubble slope covered with 
thick limestone slabs - - - - - - - - - - - - - - - - - -  227. 4 

41. Limestone, medium-dark-gray, fine-grained, 
very shaly . . . . . . . . . . . . . . . . . . . . . . . . . . .  215. 8 
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Alapah limestone-Continued Cumulative thickness 
aboce bbasc o 

Dark limestone member-Continued reetion (feed 
40. Limestone, medium-dark-gray, fine-grained. 

Forms ledge with unit 39 .------------- 212. 7 
39. Limestone, medium-brownish-gray, fine- 

to medium-grained, massive; beds 0.4-3.2 
f t  thick. Forms massive ledge with 
u n i t 4 0 _ - _ _ _ - - - - - _ - - - - _ _ - - - - - - - - - - - -  210.5 

38. Limestone, dark-gray, fine- to medium- 
grained, argillaceous, very thin bedded, 
shaly. Forms reentrant beneath over- 
lying ledge- - _ - - - -  _ - - - - _ _ - - - - -  _ - - - - - -  203.9 

37. Limestone, dark-gray, fine-grained, hard, 
with single band of grayish-black silici- 
fied limestone nodules.. - - _ - - - - -_--_-__ 199.0 

36. Limestone, dark-gray, fine-grained, hard, 
with sparse invertebrate-fossil fragments- 198. 3 

** 35. Limestone, medium-brownish-gray, fine- to 
medium-grained, bioclastic; somewhat 
argillaceous from 191.6 to 192.6 f t ;  beds 
0.1-2.3 f t  thick_- - _ - - - _ - - - _ - - - _ _ _ - - - -  194. 2 

34. Limestone, light-brownish-gray, medium- 
grained, thin-bedded, slabby _ - - - _ _ _ - - - -  188. 1 

33. Limestone, medium-brownish-gray, me- 
dium-grained, slightly bioclastic; beds 
1-2 f t  thick- _ - - . . . . . . . . . . . . . . . . . . . . .  185. 1 

32. Limestone, dark-gray, very fine grained; 
appears to be argillaceous, shaly, and 
oolitic. Mostly covered - - - - - - - - _ _ _ - - -  179. 1 

* 31. Limestone, dark-gray, very fine grained, 
argillaceous, massive, with sparse dark- 
gray fine-grained oolites .-------_------ 173. 1 

30. Limestone, dark-gray, very fine grained, 
oolitic, hard, with single zone of small 
silicified nodules of grayish-black lime- 
stone in middle of unit; sparse dark-gray 
fine-grained oolites- - -_ - - -__- - -_ - - - - - -  171. 1 

29. Limestone, dark-gray, very fine grained, 
hard, with sparse dark-gray fine-grained 
oolites . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  170.3 

28. Limestone, dark-gray, very fine grained, 
hard, with a few slightly irregular small 
silicified nodules of grayish-black lime- 
stone and sparse dark-gray fine-grained 
oolites . . . . . . . . . . . . . . . . . . . . . . . . . . . .  169.3 

27. Limestone, dark-gray, very fine grained, 
hard; massive bed from 166.2 to 167 f t ,  
and thin beds from 167 to 167.5 f t ;  pris- 
matic lithostrotionid corals occur from 
166.2 to 167 f t  _- - -_ - -_ - - - - - - - - - - - - - - -  167. 5 

** 26. Limestone, dark-gray, very fine grained, 
hard, with a few light-colored inverte- 
brate-fossil fragments and, in the middle 
part, two bands of grayish-black very 
fine grained silicified limestone nodules 
which look like chert- - -  - - - - - - - - - - - - -  166.2 

25. Limestone, grayish-black, fine-grained, 
shaly, laminated, with prismatic litho- 
strotionid corals . . . . . . . . . . . . . . . . . . . . . .  164. 3 

24. Limestone, grayish-black, fine-grained, shsly, 
with a few thin stringers of black chert; 
prismatic lithostrotionid coral colonies 
0.7-1 f t  in diameter- - _ - - - - - - - - - - - - - - -  164. 1 

23. Limestone, grayish-black, fine-grained, 
shaly, laminated-_ _ - _ _ - - - - - - - - - - - - -  163.2 

Alapah limestone-Continued Cumulative abooe base thicknera of 

Dark limestone member-Continued section (feet)  
22. Limestone and chert; dark-gray, fine- 

grained, argillaceous irregularly bedded 
limestone with small lentils of medium- 
dark-gray chert . . . . . . . . . . . . . . . . . . . . . .  163.0 

21. Limestone, dark-gray to grayish-black, 
fine-grained, dense, with numerous small 
dark-brownish-gray fragments of corals, 
crinoids, bryozoans, and brachiopods-- 162. 4 

20. Limestone, dark-gray, fine-grained, argil- 
laceous(?), thin-bedded- - - - - - - - - - - - - - - 160. 6 

19. Limestone, dark-gray, fine- to medium- 
grained, argillaceous(?), hard, massive; 
top bed, 156.7-157.5 ft, grayish black-- 157. 5 

18. Limestone and chert; light-gray fine- 
grained argillaceous shaly limestone, 
with nodules of black chert - - - - - - - - - -  154. 8 

17. Limestone, grayish-black, fine-grained.--- 153. 0 
16. Limestone and chert; grayish-black fine- 

grained argillaceous nodular limestone 
with thin soft shaly zones and thin 
black chert nodules which weather mod- 
erate brown ( 5 Y R  414); chert nodules 
0.1-0.3 f t  thick, shaly zones 0.1-0.4 f t  
t h i ck -_ - - - - - - -_ - - -___- - - - - - - - -__ - - - -  151. 7 

15. Limestone, dark-gray, fine-grained, hard-- 149. 1 
14. Limestone and chert; dark-gray fine- 

grained thin-bedded shaly limestone 
with thin lentils of black chert _ _ - _ _ _ - -  148. 3 

13. Limestone, medium-brownish-gray ( 5 Y R  
5/11> fine-grained, withirregular patches of 
dark-gray argillaceous(?) carbonaceous(?) 
material . . . . . . . . . . . . . . . . . . . . .  147. 9 

12. Limestone, dark-gray, fine-grained, thin- 
bedded, shaly . . . . . . . . . . . . . . . . . . . . . . . .  147. 0 

11. Limestone, very dark gray, fine-grained, 
hard, massive, with large prismatic 
lithostrotionid corals - - - - - - - - - -__ - - - - -  146. 7 

10. Limestone, dark-gray, fine-grained, mas- 
sive, with abundant crinoid ossicles, and 
phaceloid and prismatic lithostrotionid 
corals. Units 7-10 form a ledge - - - - - -  144. 6 

9 .  Limestone, dark-gray, fine-grained, mas- 
sive, with phaceloid and prismatic lith- 
ostrotionid corals; 0.4-0.5 f t  thick---- 142. 1 

8 .  Limestone, dark-gray, fine-grained, thin- 
bedded, shaly, argillaceous; 0.7-0.9 f t  
th ick-- - - -_- - - - -__--__-- - - - - - -__-- - -  141.6 

7. Limestone, medium-gray to medium-dark- 
gray, very fine grained, with a few crinoid 
ossicles and phaceloid lithostrotionid 
corals. Basal bed of ledge - - _ - - - _ _ - -  140. 8 

6 .  Limestone, dark-gray, fine-grained, dense; 
thin, slightly irregular beds; weathers to 
light-gray thin, platy fragments- -- - - - 138. 8 

** 5.  Limestone, dark-gray, very fine grained, 
hard, slightly argillaceous(?) - - - -_ - - - - -  129. 5 

4. Limestone, dark-gray, fine-grained, dense; 
thin, irregular beds, with scattered crinoid 
ossicles; becomes thicker bedded in top 
1.7 f t ;  beds in lower part 0.1-0.4 f t  
thick, in the upper part 0.3-0.5 f t  thick; 
top 0.2 f t  very shaly and soft _ _ - - _ _ - -  128. 1 
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Alapah limestone-Continued Cumulatioe thickness above base of 
Dark limestone member-Continued section (feet) 

3. Limestone, medium-dark-gray, fine-grained, 
slightly argillaceous; thin irregular beds 
0.3-0.5 f t  thick; fossils less common 
than in unit 2 . . . . . . . . . . . . . . . . . . . . . .  124. 2 * ** 2. Limestone, dark-gray, fine-grained, some- 
what argillaceous, massive, bioclastic; 
very fossiliferous, with several types of 
lithostrotionid corals, solitary corals, 
Syringopora, and bryozoans; beds from 
89 to 92.8 f t  are biostromes; lower beds 
more platy and thin bedded than upper 

section is correlated with the upper part of section J 
(see pl. 6). The beds a t  the top of this section are 
near the top of the Alapah limestone and are overlain 
by glacial deposits. Although the Alapah limestone is 
disconformably or unconformably overlain elsewhere 
by the sandstone and shale of the Siksikpuk formation 
(Permian?) (Patton, 1957) or the Shublik formation 
(Upper Triassic), this contact was not observed in the 
Shainin Lake area. I t  is believed that the top bed 
in section K lies only a few feet below the Siksikpuk 

massive biostromal beds. Forms con- formation. 
spicuous ledge ..-.-..---------.------ 93.3 1 

Section on the west end of North Ridge of Mount Wachsmuth at 
Thickness of dark limestone member- - 175. 1 -- == I lat 6S0 20' N., long 150°55'15" Br. (approximate) 

Shaly limestone member: 
* ** ,I.  Limestone and chert; dark-gray fine-grained 

shaly platy limestone; weathers to shaly 
chips about 0.1 foot in diameter; a few 
interbedded black chert beds and many 
black chert lentils; most lentils irregularly 
elliptical in cross section, 0.1-0.4 f t  thick 
and 0.8-3 f t  long, with some as long as 15 
or 20 ft, and base of most is flat; lower 
part of sequence alternating shaly and 
massive zones; shaly zones from 8 to 11 
ft, 18.5 to 22.5 ft, 27 to 33.5 ft, and 38 to 
39.5 ft; unit less shaly in upper part; a few 
thin lenticular beds of dark-gray calcareous 
shale, ranging from a feather edge to 0.3 
ft in thickness, occur sporadically through- 
out; upper 28.5 f t  covered, but beds 
similar to lower part are present along 
strike near measured section; lithostro- 
tionid and solitary corals common- - - - - - - 84. 5 

-- 
Thickness of shaly limestone member-- 84. 5 

Thickness of Alapah limestone meas- 
ured-----------------------------  503.5 

Total thickness of Alapah lime- 
stone (see pl. 6) -------------,- 970f 

Disconformity. 
Wachsmuth limestone: Platy limestone member: See 

stratigraphic section I, a continuation of this section. 

UPPER PART, ALAPAH LIMEBTONE--SECTION K 

This section, comprising the platy limestone member, 
the banded limestone member, the black ~hert~shalemem- 
ber, the light-gray limestone member, the fine-grained 
limestone member, the chert-nodule member, and part 
of the upper limestone member, was measured along a 
singJe line of traverse a t  the type locality of the Alapah 
limestone. I t  originates in the creek north of Sugarloaf 
Hill, extends up over the North Ridge, and down the 
north slope of the ridge to the edge of the gravels that 
mantle the foothills (pl. 1). The lower part of this 

[Measured with tape and hand level by the authors and C. J. Qudim in 1949. Graphic 
section, pl. 6; location, pl. 2 Datum is base of Alapah limestone as established in 
section Jl 

Covered: Gravel and tundra. 
Alapah limestone: Cumulative thickness 

above datum 
Upper limestone member (incomplete) : (feet) 

113. L i m e s t o n e ,  dark-yellowish-brown, fine- 
grained, unfossiliferous; i t  appears that  ' 

this unit forms the top of the Alapah 
limestone and may lie just below either 
the Triassic or Permian(?) rocks. Beds, 
with those of upper part of unit 112, form 
a small escarpment a t  northwest 
corner of the North Ridge of Mount 
Wachsmuth--------_----------------  9704- 

""112. Limestone, dark-yellowish-brown (10 Y R  
3/2), 'fine-grained, with a few small 
nodules of medium-gray to grayish-black 
chert; somewhat irregular beds, 1-6 f t  
thick; relatively unfossiliferous. Unit 
in part forms dip slope of North Ridge of 
Mount Wachsmuth - - - - - - - - - - - - - - - - - - -  960.6 

I l l .  Limestone, yellowish-brown (5 Y  R 5/2), 
fine-grained; beds 1-3 f t  thick - - _ - -_ - -_ -  925. 6 

-- 
Thickness of upper limestone member 

exposed------------------------ 69.4+ 

Chert-nodule member: 
110. L i m e s t o n e ,  dark-yellowish-brown, fine- 

grained, with nodules and nodular beds 
of mottled brownish-gray to medium- 
gray chert; beds 0.7-1.2 f t  thick; chert 
weathers to brownish-gray rubble- - - - - - - 900. 6 

109. L i m e s t o n e ,  dark-yellowish-brown, fine- 
grained, soft, shaly _- - - - - - - - - - -_ - - - - - -  885. 3 

*108. L i m e s t o n e ,  dark-yellowish-brown, fine- 
grained, with a few very thin shaly zones 
and some nodules and nodular beds of 
mottled brownish-gray to medium-gray 
chert; topmost part, from 879 to 881.7 ft, 
very nodular with thin lenses of coarse- 
grained bioclastic limestone and chert; 
chert weathers to brownish-gray rubble- 884. 4 

"107. Limestone, dark - yellowish - brown (10 Y R  
4/2), fine-grained; beds 0.8-1 f t  thick, 
with thin chert nodules which range 
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Alapah limestone--Continued C~~rnulatioe tllickneasd above datum 
Chert-nodule member-Continued Uut) 

from feather edge to 0.2 f t  thick; 
fewer chert nodules than in unit 106-- _ - 872. 7 

**106. L i m e s t o n e  and chert; dark-yellowish- 
brown (10 YR 412) fine-grained limestone; 
basal beds nodular, with thin lentils of 
coarse-grained crinoidal debris; from 
857 to 866.9 f t  interbedded thin 
nodular-chert beds and chert nodules 
which range from feather edge to 0.4 f t  
in thickness-.. . . . . . . . . . . . . . . . . . . . . . . .  866. 9 

**105. L i m e s t o n e ,  brownish-gray ( 5 Y R  5/1) ,  
medium-grained, bioclastic- - - _ - - _ _ _ _ _ _  855. 4 

* **104. L i m e s t o n e  and chert; light-brownish- 
gray fine-grained nodular limestone beds 
ranging from feather edge to 1.3 f t  in 
thickness interbedded with large len- 
ticular chert beds and nodules; very 
light gray to medium-gray chert nodules 
weather to brownish-gray surfaces re- 
sembling tripoli; chert nodules range from 
very small to 1.3 f t  thick and 5 f t  long; 
many nodules, 0.1-0. 3 f t  thick and 0.3- 
0.5 f t  long, occur within the limestone 
beds; the larger nodules and beds, as 
much as 1.3 f t  thick, occur primarily 
between limestone beds; many large 
caninoid corals and brachiopods _ - _ _ _ _ _ -  852. 3 

Thickness of chert-nodule member--..- 79. 8 

Fine-grained limestone member : 
103. L i m e s t o n e ,  grayish-black, fine-grained, 

massive; occurs just below conspicuous 
ledge------------_------------------  820.8 

**102. Limestone, grayish-black, fine-grained, ir- 
regularly bedded, nodular, with ragged, 
irregular grayish-black chert nodules in 
top half--_------------------_-------  811.8 

*101. Limestone, light - brownish - gray, medium- 
to coarse-grained, bioclastic; beds 0.4-0.8 
f t  thick. Unit forms top of upper cliff 
along south face of North Ridge of 
Wachsmuth - - - _ - - _ _ _ _ _ _ _ - - - - - - - - - - - - - -  807. 7 

* **loo. L i m e s t o n e ,  light-brownish-gray (5 YR 
612) to pale-yellowish-brown (10 YR 
6/2) ,  mediuni-grained, shaly; weathers 
to irregular chips as much as 0.2 f t  
thick; beds 2 f t  thick. Forms receding 
slope above top of cliff formed by units 
95 through 99 - - - - - - - - - - - - - - - - - - - - - - -  796.7 

99. L i m e s  t o n e, light-brownish-gray, fine- 
grained, interbedded with light-brown- 
ish-gray coarse-grained bioclastic lime- 
s tone-- - -_- - - - - - - - - - - - - - - - - - - - - - - - - -  784.4 

* 98. Limestone, light - brownish - gray, fine - to 
medium-grained; beds 1.2-2.4 f t  thick; 
upper 0.6 f t  shaly - - _ _ _  - -  - -  - - -  _ _ -  - - - - -  775.4 

97. Limestone and chert; brownish-gray to 
brownish-black fine-grained massive 
limestone beds 1.5-2 f t  thick, with me- 
dium-gray chert nodules 0.2-0.6 f t  thick 
and 0.6-2 f t  long in lower 10 ft; more 
abundant nodular chert beds alternate 

Alapah limestone-Continued Cumulative thickness above datum 
Fine-grained limestone member-Con. (feet) 

with limestone beds from 762 to 766.6 f t ;  
limestone beds in top part 0.5-0.6 f t  
thick, and chert beds 0 . H . 4  f t  thick; 
limestone is light brownish gray a t  top. 
Forms conspicuous ledge with units 95 
and 9 6 _ - - - - - - - - - - - - - - - _ - - - - - - - - - - - - -  766.6 

96. Limestone, brownish-gray to brownish- 
black, fine-grained, more nodular than 
beds in unit 95, but less nodular than beds 
in unit 94; irregular beds 0.4-0.5 f t  thick, 
bedding not as distinct as in units 94 and 
9 5 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  751 .6  

95. Limestone, brownish-gray to brownish- 
black, fine-grained; somewhat irregular 
beds 0.2-0.4 f t  thick - _ _ _ _ - - _ - - _ - - - - - - -  747.0 

**94. Limestone, brownish-gray to brownish- 
black, fine-grained, very nodular; beds 
0.1-0.5 f t  thick - - - - - - - - - _ _ _ _ _ - - - - - - - - 743.4 

-- -- 
Thickness of fine-grained limestone 

member - - - _ _ _ _ - _ _ _ _ _ - - - - - - - - - - - -  80. 1 

Light-gray limestone member: 
* ** 93. Limestone, brownish-gray, fine- to medium- 

grained, bioclastic; some beds with a few 
nodules of brownish-black, light-gray- 
weathering chert; tabular limestone beds 
from 731.2 to 738 f t  0.5-1.2 f t  in thick- 
ness; top bed 2.7 f t  thick; chert occurs in 
limestone beds from 734.1 to 734.5, at  
735.6 ft, and from 740.2 to 740.7 f t ;  chert 
nodules are 0.1-0.3 f t  in thickness; 
prismatic lithostrotionid corals profuse 
from 7 3 2 t o  735 f t - - - - -_- - - - - - - - - - - - - -  740.7 

92. Limestone and chert; pale-yellowish-brown 
(10 YR 612) medium-grained bioclastic 
limestone, with nodules of medium-gray 
chert 0.2-0.4 f t  thick and 0.5-0.7 f t  long; 
2 beds, 0.7 and 0.8 f t  thick - _ _ _ _ - - - - - - - -  731. 2 

91. Limestone, pale-yellowish-brown, medium- 
grained, bioclastic, soft, friable _- - -_ - - - -  729. 7 

* **YO. Limestone, pale-yellowish-brown, medium- 
grained, porous, dolomitic(?), with a few 
thin lenticular medium-gray chert 
nodules__-_--_-- - - - - - - - - - - - - - - - - - - - -  727.0 

89. Limestone, pale-yellowish-brown (10YR 
6 / 2 ) ,  medium-grained; porous in lower 
and upper parts, shaly in middle part--- 723. 7 

88. Limestone, pale-yellowish-brown, medium- 
grained, porous, dolomitic(?), with ir- 
regular masses of medium-gray chert- - - 721. 9 

87. Limestone, pale-yellowish-brown, medium- 
grained, shaly - - - _ _ _ - _ _ _ - - - _ - - - - - - - - - -  718. 5 

86. Limestone, pale-yellowish-brown, medium- 
grained, porous, dolomitic(?) _ _ _ - _ - _ - - - -  717. 8 

**85. Limestone and chert; brownish-gray fine- 
grained limestone, with crinoid columnals 
as much as 6 mm in diameter, inter- 
bedded with medium-gray to light- 
brownish-gray nodular chert; limestone 
beds 0.1-0.6 f t  thick and change thick- 
ness 0.1-0.2 f t  laterally; chert beds 
0.2--0.3 f t  thick- _ _ - - _ _ _ - _ _  _ _ - - - - -  714. 8 
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Alapah limestone-Continued Cumuhtice thickness 
above datum 

Light-gray limestone member-Continued (feet) 
84. Chert, medium-gray to light-brownish-gray, 

light-gray- and yellowish-gray-weather- 
ing, very finely granular, nodular, with a 
few thin lentils of lightbrownish-gray 
fine-grained limestone still preserved; 
unit appears to be highly weathered 
nodular silicified limestone; nodular 
chert beds 0.1-0.4 f t  thick; limestone 
lentils range from feather edge to 0.4 f t  
in thickness. Unit forms conspicuous 
l e d g e - - - - _ _ _ _ _ _ _ _ _ _ - - - - - - - - - - - - - - - - -  709.3 

**83. Limestone, olive-gray, coarse-grained; ir- 
regular beds range from a feather edge 
to  0.5 f t  in thickness; biohermal(?) _ _ _ - - 705. 2 

"82. Limestone, coarse-grained, bioclastic; light 
brownish gray a t  base grading upward 
to olive gray or olive black (5Y  411); 
nodular lentils of light-gray chert a t  base 
grade upward to medium light gray and 
medium dark gray; chert weathers light 
gray, appears to be of both primary and 
replacement types, is primarily within 
the beds of limestone, and is most 
abundant a t  top of unit; tabular lime- 
stone beds 0.4-1 f t  thick; chert nodules 
range from feather edge to 0.3 f t  in 
thickness; few fossils- _ _ _ _ _ _ _ - - - - - - - - - - 701. 6 

--- -- 
Thickness of light-gray limestone 

member - - _ - _ _ _ _ _ _ _ _ _ - - - - - - - - - - - -  46 .3  

Black chert-shale member: 
81. Limestone, brownish-gray, fine-grained, ar- 

gillaceous, with abundant irregular 
masses and nodular beds of black chert; 
bottom part, from 692.4 to 693.6 ft, is 
massive; remainder, from 693.6 to 694.4 
ft, is almost completely laminated chert 
with abundant lenticular stringers of 
black chert - - - _ - _ - _ - - - _ _ _ - - - - - - - - - - - -  694.4 

* 80. Limestone and chert; brownish-gray fine- 
grained argillaceous fossiliferous lime- 
stone with abundant fossils and many 
irregular masses and nodules of black 
chert; lower nodular limestone beds 0.4 
and 0.5 f t  thick; from 690.9 to 692.4 f t  is 
thin-bedded shaly limestone with many 
thin, lenticular chert beds; unit some- 
what laminated, although chert laminae 
are very irregular.. - - - _ _ _  _ _ _ _ _ _ _ - - _ - _ -  692. 4 

70. Shale and phosphorite(?) ; grayish-brown 
(5 Y R  312) very calcareous irregularly 
bedded carbonaceous(?) shale of clay-size- 
particles; thin beds of black shaly highly 
siliceous claystone or phosphorite(?) from 
688.1 to 689.3 ft, separated by thin beds 
of shale; sequence is phosphorite(?), 0.2 
f t ;  shale, 0.3 f t ;  phosphorite(?), 0.3 f t ;  
shale, 0.2 ft; and phosphorite(?), 0.2 ft. 
Units 77 through 79 apparently absent 
east of the Shainin Lake area; thicken 
westward . . . . . . . . . . . . . . . . . . . . . . . . . . . .  690.0 

Alapah limestone-Continued Cz~mulatwe above datum thickness 

Black chert-shale member-Continued (feet) 
* ** 78. Limestone, brownish-gray, fine-grained, ar- 

gillaceous, carbonaceous(?), very fossili- 
ferous, with ragged grayish-black to black 
dense "earthy" chert nodules; from 
683.6 to 684.9 ft is irregular and thin 
bedded, with layers of many small chert 
nodules 0.1-0.2 ft thick; upper part 
blocky, with larger and more irregular 
chert nodules; top beds, from 684.9 to 
687 ft, irregular and thin bedded; beds a t  
base are 0.1-0.2 f t  thick; somewhat 
irregular bed8 in middle and upper part 
are 0.3-0.4 f t  thick- _ _ _ - _ - -  - _ - _ - -  - - - - 687. 0 

* ** 77. Shale and phosphorite(?) ; grayish-brown 
(5 Y R 312) very calcareous irregularly bed- 
ded carbonaceous(?) shale of clay-size par- 
ticles, with thin nodules and nodular beds 
of black shaly highly siliceous claystone 
or phosphorite(?) ; phosphorite(?) beds 
from 678.4 to 678.7 ft, 679.4 to 679.8 ft, 
and 681.1 to 681.4 f t  _ _ _ - _  _ _ _ _ _ - - - - - - - - 683. 6 

76. Limestone, brownish-black, fine-grained, 
argillaceous, shaly; beds 2-8 mm thick-- 676. 7 

* 75. Limestone, slightly mottled, brownish- 
black, fine-grained, argillaceous; weathers 
dusky brown ( 5 Y R  212) ; beds 0.5 and 
0.6 ft thick - _ - _ - - _ _ _ _ _ _ _ _ - - - - - - - - - - - -  676. 1 

* 74. Limestone, similar to unit 76 - - - _ - - - - - - - -  675. 0 
** 73.  Limestone, similar to unit 7 5 ;  beds 0.2-0.8 

f t  thick, becoming progressively thinner 
toward t o p - - _ _ _ _ _ _ _ _ _ _ _ - _ - - - - - - - -  673.9 

72. Limestone, dark-gray, fine-grained, platy, 
sha.1~; somewhat irregular beds 0.1-0.2 
f t t h i c k - - _ - - - - - - _ - _ _ _ _ _ _ _ _ _ _ _ - - - - - - -  670.6 

71. Limestone, dark-gray, fine-grained, bio- 
clastic, specularitic appearance; slightly 
undulatory beds 0.1-0.3 f t  thick a t  base; 
beds thicken upward .__________------- 668. 7 

70. Limestone, pale-yellowish-brown (IOYR 
6 /2 ) ,  fine-grained, platy, shaly; some- 
what irregular beds a few millimeters 
t h i c k _ _ _ _ _ _ _ _ _ _ _ _ _ _ - - - - - - - - - - - - - - - - -  667.5 

69. Limestone, dark-gray, fine-grained, hard, 
bioclastic, specularitic appearance; thin 
beds 1-8 mm thick; may be slightly 
dolomitic; tends,to be silicified- - - - - - - - - 667. 1 

68. Limestone, pale-yellowish-brown (10YR 
6 /2 ) ,  fine-grained, platy, shaly; some- 
what irregular beds 0.1-0.3 f t  thick- - - _ - 666. 7 

67. Limestone, brownish-gray, medium-grained, 
somewhat argillaceous, bioclastic, with 
small slightly irregular nodular masses 
of grayish-black fine-grained to semilitho- 
graphic partly silicified limestone; me- 
dium-grained beds 0.4-0.8 f t  thick; fine- 
grained nodules 0.1-0.4 ft thick and 0.3- 
0.9 f t  long - - . ___________- - - - - - -  663. 8 

--- --- 
Thickness of black chert-shale mem- 

b e r - _ _ _ _ _ _ _ _ _ _ _ _ _ - _ - - - _ - - - _ - _ - _ -  38.3 
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Alapah limestone-Continued Cemulative thickness above datum 
Banded limestone member: (feet) 

* ** 66. Limestone, brownish-gray, medium-grained, 
somewhat argillaceous, bioclastic, with 
very irregular masses of grayish-black 
fine-grained to semilithographic lime- 
stone; masses in lower part, shaped like 
pieces of jigsaw puzzle, become more 
nodular and elongate in upper part;  in 
lower part masses are sparse and large, 
0.5-0.9 f t  in greatest dimension, but  
become abundant in upper part and are 
0.2-0.5 f t  thick and 0.4-1.5 f t  wide; may 
be an intraformational breccia. Unit 
forms top of cliff . . . . . . . . . . . . . . . . . . . . .  656. 1 

** 65. L i m e s t o n e ,  brownish-gray, m e d i u m -  
grained, somewhat argillaceous, with a 
few thin lentils of coarse-grained bio- 
clastic limestone 0.1-0.3 f t  thick; inter- 
bedded lentils and beds of grayish-black 
fine-grained nodular limestones 0.2-1.8 
f t  thick; medium-grained beds 0.6-3.6 f t  
thick in bottom part, 0.2-0.4 f t  thick 
from 633 to  635 ft, and 0.6-1.5 f t  thick 
in top part- . . . . . . . . . . . . . . . . . . . . . . . . .  647. 0 

64. Limestone, b r o w n i s h - b l a c k ,  medium- 
grained, bioclastic, with a few thin nodu- 
lar beds of grayish-black fine-grained 
limestone 0.3-0.5 f t  thick; medium- 
grained beds 0.8-2 f t  thick- - - - - - - - _ - - - 6 19. 2 

** 63. Limestone, grayish-black, fine-grained, very 
nodular a t  base; beds 0.2-0.6 f t  thick and 
include a few thin stringers of brownish- 
black medium-grained bioclastic lime- 
stone which range from a featheredge t o  
0.2 f t  in thickness; beds of brownish- 
black medium-grained bioclastic lime- 
stone 0.8-1.2 f t  thick from 578.8 f t  t o  
579.7 ft ,  582 to  583 ft, and 587 to  587.8 
f t ;  from 577.2 to  585 ft, fine-grained 
limestone beds constitute about 75 per- 
cent of thickness; from about 585 to590 
ft ,  medium-grained beds are thicker 
and more abundant with fewer fine- 
grained beds; from 588 to  609.8 f t ,  fine- 
grained limestone beds constitute less 
than 50 percent of thickness; from 588 
t o  609.8 ft, medium- and coarse-grained 
limestone beds are 0.6-1.1 f t  thick and 
fine-grained limestone beds are 0.5-0.9 
f t  thick; the ratio of fine- to  coarse- 
grained beds changes gradually through- 
out unit. Unit forms massive upper part 
of cliff which includes strata from the 
base of unit 58 t o  the top of unit 66-_--- 609. 8 

62. Limestone, brownish-gray t o  brownish- 
black, medium-grained, argillaceous, with 
a few thin lentils of brownish-black fine- 
grained limestone- - - _ _ _ - _ - - - - - - - - - - -  577.2 

61. Limestone, brownish-gray t o  grayish-black, 
fine-grained, nodular, slightly fossilifer- 
ous - - - - - - -____- - - - - - - - - - - - - - - - - - - - -  572. 6 

60. Limestone, dark-yellowish-brown (10YR 
412) to  grayish-brown (5YR 3/2), me- 
dium- to coarse-grained, bioclastic-- - - - - 569. 0 

Alapah limestone-Continued Cumulaitue thickness above datum 
Banded limestone member-Continued Ueet) 

59. Limestone, b r o w n i s h - g r a y ,  m e d i u m -  
grained, massive, nodular, with alternat- 
ing beds of brownish-gray fine-grained 
nodular limestone; medium-grained beds 
are 0.4-1.3 f t  thick but thicken and thin 
laterally as much as 0.4 f t ;  fine-grained 
beds are 0.2-0.5 f t  thick ___ - -  - _ - - -  _ _  - - -  567. 4 

58. Limestone, b r o w n i s h - g r a y ,  m e d i u m -  
grained, bioclastic, nodular, alternating 
with brownish-black semilithographic to  
fine-grained slightly bioclastic nodular 
hard limestone beds; medium-grained 
beds, from 547.1 to  552.2 f t  and from 
556.3 t o  560.7 ft, are 0.3-0.7 f t  thick; 
fine-grained beds 0.2-0.4 thick; a thick 
bed of medium-grained bioclastic lime- 
stone occurs from 552.2 t o  556.3 ft. 
Unit is base of a massive cliff that  in- 
cludes beds from base of this unit t o  the 
top of unit 66 . . . . . . . . . . . . . . . . . . . . . . . .  560. 7 

57. Limestone, b r o w n i s h - g r a y ,  m e d i u m -  
grained, bioclastic; tabular beds 0.4-1.7 
f t  thick ---_------__-.-.-------------- 547. 1 

56. Limestone, brownish-black, s e m i l i  t h o -  
graphic t o  fine-grained; irregular beds 
1.2-1.4 f t  thick a t  base and 0.5-0.7 f t  a t  
top; thin lentils of brownish-gray me- 
dium- and coarse-grained bioclastic lime- 
stone, ranging from featheredge to 0.4 
f t  in thickness, with crinoid ossicles, 
bryozoans, and brachiopods; thin lentils 
alternate with fine-grained limestone 
beds; although coarse-grained bioclastic 
beds predominate in  similar alternating 
sequences lower in the formation, in this 
unit the fine-grained limestone beds 
predominate--_---------------------- 543. 7 

55. Limestone, brownish-black, s e  m i l i  t h o  - 
graphic; tabular beds 0.3-1.9 f t  thick--_ 531. 6 

54. Limestone, brownish-black, medium-grain- 
ed, bioclastic, with many very irregular 
nodules of grayish-black chert through- 
out; beds 0.5-1.3 f t  thick - - - - - - - - - - _ -  524. 2 

53. Limestone, brownish-gray to dark-$ray, 
medium-grained, bioclastic; top of unit- 
contains single layer of grayish-black 
dense chert nodules 0.2-0.3 f t  thick and 
0.4-0.8 f t  long.. . . . . . . . . . . . . . . . . . . . . . .  514. 8 

52. Limestone, brownish-black, medium-grain- 
ed, bioclastic, with single layer in middle 
of bed of grayish-black dense very 
irregular chert nodules 0.2-0.4 f t  thick 
and 0.4-0.6 f t  long - - - - - - - - - - - - - - - - -  513. 9 

51. Limestone, brownish-black, medium- 
grained, bioclastic; bottom bed 1.3 f t  
thick, top bed 0.8 f t  thick - - - - - - - - - - - -  512. 5 

*50. Limestone and chert; grayish-black fine- 
grained nodular limestone, with abund- 
a n t  small irregular nodules of dense 
grayish-black chert; limestone beds 
0.3-0.8 f t  thick; chert nodules 0.2-0.5 
f t  thick . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  510. 4 
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Alapah limestone-Continued Cumulative thickness 
above datum 

Banded limestone member-Continued (feet) 
49. Limestone, dark-grayish-brown, medium- 

grained, bioclastic; tabular beds 0.2- 
0.3ft  thick - - - - - - r - - - - - - - - - - - - - - - - - - -  507. 2 

48. Limestone, dark-grayish-brown, medium- 
grained, bioclastic; bottom bed 1 f t  
thick, top bed 0.9 f t  thick - - - - - - - - - - -_  506. 5 

47. Limestone, brownish-gray, medium-grain- 
ed, bioclastic, slightly shaly - - - - - - - - - -  504. 6 

46. Limestone, dark-brownish-gray, medium- 
grained, bioclastic . . . . . . . . . . . . . . . . . . . .  504. 5 

45. Limestone, brownish-gray, medium-grain- 
ed, bioclastic . . . . . . . . . . . . . . . . . . . . . . . .  503.4 

""44. Limestone, brownish-gray, semilithograph- 
ic, somewhat dolomitic(?), weathers 
yellowish gray (5Y 811); beds 0.2-0.4 f t  
thick-----------_---_----------------  503.3 

43. Limestone, brownish-black, medium-grain- 
ed, bioclastic . . . . . . . . . . . . . . . . . . . . . . . .  501. 6 

42. Limestone, grayish-black, semilithograph- 
ic, nodular; ranges from featheredge to 
0.2 f t  in thickness - - - - - - - - - - - - - - - - - -  500. 7 

41. L i m e s  t o n e , brownish-black, medium- 
grained, bioclastic- - - - - - - - - - - - - - - - - - - -  500. 5 

40. Limestone, grayish-black, semilithograph- 
ic, nodular . . . . . . . . . . . . . . . . . . . . . . . . . .  499. 1 

39. Limestone, brownish-black, fine- to med- 
ium-grained, nodular, bioclastic; beds 
0.3-0.6 f t  thick . . . . . . . . . . . . . . . . . . . . . . .  498. 5 

38. Limestone, brownish-black, fine- to med- 
ium-grained, bioclastic - - - - - - - - - - - - - - - -  497. 6 

37. Covered; beds thought to be brownish-gray 
medium-grained bioclastic limestone- - - - 496. 4 

**36. Limestone, brownish-gray, medium-grain- 
ed, bioclastic . . . . . . . . . . . . . . . . . . . . . . . .  490.2 

**35. Limestone, brownish-gray, medium-grain- 
ed, nodular, bioclastic, interbedded with 
brownish-black to dark-gray hard semi- 
lithographic nodular limestone; medium- 
grained beds 0.8-1.6 ft thick; semi- 
lithographic beds 0.3-0.9 ft thick - - - - - -  487. 5 

34. Limestone, brownish-black, medium-grain- 
ed, bioclastic . . . . . . . . . . . . . . . . . . . . . . . .  470. 8 

33. Limestone, brownish-black, semilithograph- 
ic . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  470. 0 

32. Limestone, brownish-gray, medium-grain- 
ed, bioclastic . . . . . . . . . . . . . . . . . . . . . . . .  469. 0 

31. Limestone, brownish-black, fine-grained, 
with fenestrate bryozoans - - - - - - - - - - - -  467. 0 

30. Limestone, brownish-gray, medium-grain- 
ed, bioclastic . . . . . . . . . . . . . . . . . . . . . . . .  466.6 

29. Limestone, brownish-gray to brownish- 
black, medium-grained, nodular, bio- 
clastic, interbedded with brownish-black 
fine-grained nodular limestone; beds 0.4- 
0.7 f t  thick - - - - -  - -  - -  - - -  - - -  - -  - -  - -  - - -  - -  465.8 

28. Limestone, brownish-gray, medium- to 
coarse-grained, nodular, bioclastic, inter- 
bedded with grayish-black semilitho- 
graphic hard dense somewhat silicified 
limestone; beds 0.2-0.5 f t  thick - - - - - - - -  460. 5 

27. Limestone, brownish-gray, medium- to 
coarse-grained, bioclastic; bottom bed 
0.5 ft  thick, top bed 1.3 ft thick - - - - - -  452. 7 

Alapah limestone-Continued Cumulative above datum thickness 

Banded limestone member-Continued (feet) 
* 26. Limestone, dark-gray to brownish-black, 

fine-grained, bioclastic, nodular, alter- 
nating rhythmically with grayish-black 
nodular semilithographic limestone; fine- 
grained beds 0.2-0.5 f t  thick; semilitho- 
graphic beds 0.1-0.4 f t  thick; denser, 
more resistant, semilithographic beds 
stand out on weathered surfaces; base of 
this unit is correlated with the base of 
unit 106 of section J (see pl. 6). Unit 
forms ledge . . . . . . . . . . . . . . . . . . . . . . . . . .  450. 9 

-- 
Thickness of bandedlimestone member- 209. 9 

-- 
Platy limestone member (incomplete) : 

25. Limestone, similar to unit 26; fine-grained 
beds 0.4-0.6 f t  thick, semilithographic 
beds 0.2-0.5 f t  thick-- - -  - - -  - - - -  - - - - - - -  446. 2 

24. Limestone, brownish-gray, very coarse 
grained, bioclastic . . . . . . . . . . . . . . . . . . . .  441. 4 

23. Limestone, grayish-black to brownish-black, 
fine-grained-----__------------------- 440. 1 

22. Limestone, brownish-gray, medium-grained, 
bioclastic . . . . . . . . . . . . . . . . . . . . . . . . . . . .  439. 9 

21. Limestone, grayish-black and brownish- 
black, mottled, fine-grained, with bed of 
dark-gray medium-grained limestone 
from 436.8 to 437.5 f t  - - - - -_- - - - - - - - - - -  438. 2 

** 20. Limestone, brownish-gray, coarse-grained, 
unevenly bedded, bioclastic, with nodules 
and nodular beds as much as 0.4 f t  thick 
of brownish-gray fine-grained limestone 
a t  430.3 and 434.2 f t -  - - - - - - - - - - - - - --- - 435. 4 

** 19. Limestone and chert; brownish-gray medi- 
um-grained nodular bioclastic limestone, 
interbedded with medium-gray to dark- 
gray mottled chert nodules and nodular- 
chert beds, with abundant fenestrate 
bryozoans; unit approximately 75 per- 
cent chert; limestone beds 0.2-0.6 f t  
th ick-- - - - - - - - - -___-- - - - - - - - - - - - - - - -  428.5 

18. Limestone, brownish-gray, medium-grained, 
bioclastic; beds 0.3-1.4 f t  thick- - -  - - - - - 425. 9 

17. Limestone, medium-gray, fine-grained, with 
nodular beds of grayish-black to brown- 
ish-gray mottled fine granular chert 
from 417.7 to 418.8 f t ;  chert weathers 
moderate yellowish brown; single bed of 
grayish-black chert 0.4-0.6 f t  thick from 
420.5 to 421.1 f t -  _ _ _ _ _  _ _ - -  - _ _ _ _ _ _ - - ~ -  421. 1 

16. Limestone and chert; brownish-gray fine- 
grained bioclastic limestone a t  base, 
grading upward to dark-gray coarse- 
grained bioclastic limestone with inter- 
bedded slightly mottled light- to dark- 
gray chert beds from 414.8 to 415.3 and 
415.8 to 416.1 f t -  - - - - - - - - - - - - - - - - - - - -  416. 1 

15. Limestone and chert; brownish-gray to 
brownish-black medium-grained bioclas- 
tic limestone, with light- to dark-gray 
slightly mottled chert beds from 412.2 to 
412.4 f t ,  413.1 to 413.3 f t ,  and 413.6 to 
413.9 f t  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  413.9 
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C u m ~ i m  Uickneda 
a h  datum 

Alapah limestone-Continued (W) 
Platy limestone member (incomplete)-Continued 

14. Limestone, brownish-gray to brownish- 
black; fine grained a t  base grading up- 
ward to coarse grained; tabular beds 
0.3-1.1 f t  thick- - - _ _ _ _ _ - - - - _  - - -  - - - _ - -  412.2 

13. Chert, medium-dark-gray, with fenestrate 
bryozoans_-------__-----------------  406.2 

12. Limestone, brownish-gray, coarse-grained, 
bioclastic . . . . . . . . . . . . . . . . . . . .  405. 4 

11. Limestone, brownish-black (5 YR 2/1), 
medium- to coarse-grained, bioclastic-- - 404. 7 

10. Limestone and chert; brownish-gray, medi- 
um- to coarse-grained, hard, bioclastic, 
with brownish-gray to dark-gray mottled 
irregular beds and nodules of chert within 
the limestone; in places unit is 80 percent 
cher t - - - - - - - - - - - -__-- - - - - - - - - - - - - - - -  402.8 

9. Limestone, medium-gray, fine- to medium- 
grained, bioclastic; identifiable fossil 
fragments more abundant in upper part- 400. 7 

8. Covered; beds thought to be limestone-_ _ - 400. 1 
7. Limestone, brownish-gray, medium- 

grained, bioclastic _ _ _ _ _ _ _ _ - - - - - - - - - - - -  394. 7 
6. Limestone and chert; dark-brownish-gray 

coarse-grained dense irregularly bedded 
limestone, interbedded with dark-brown- 
ish-gray calcareous nodular chert.- - _ _ _ - 394. 0 

5. Limestone, brownish-gray (5YR 4/1), me- 
dium-grained, bioclastic - - - - - - - - - - - - - - -  391. 7 

* ** 4. Limestone, light-gray to white, coarse- 
grained, bioclastic; composed of crinoid 
ossicles, Sulcoretepora, brachiopod, and 
trilobite fragments; 65 percent of crinoid 
columnals greater than 3 mm in diameter; 
abundant phosphate nodules, 1-5 mm in 
diameter, from 388.2 to 389.9 f t ,  about 4 
per square inch; a few phosphate nodules 
sporadically distributed in lower part-- - 391. 1 

* 3. Limestone, light-gray, medium-grained, 
slightly crosslaminated, bioclastic; com- 
posed largely of comminuted crinoid ossi- 
cles; tabular beds 2-3 f t  thick appear 
massive where exposed in steep cut along 
creek and are like those in units 76-96 of 
section J (plate 6) where weathered on 
s lope_-- - - - - - - - - - -_- - - - - - - - - - - - - - - - -  385.6 

2. Limestone, dark-brownish-gray, medium- 
grained, bioclastic, with abundant crin- 
oid columnals and dark-gray argillaceous 
material of unknown composition; 70 
percent of crinoid columnals less than 2 
mm in diameter, 20 percent between 2 
and 3 mm, and 10 percent greater than 
3 m m _ _ _ - _ - - - - - - _ - - - _ - _ _ - - - - - - - _ _ - -  343. 6 

1. Chert, very-light-gray, fine, granular; 
elliptical nodules as much as 0.5 f t  thick 
and 2 f t  in length. Unit is 0.5 f t  thick- - 342. 1 

-- -- 
Thickness of platy limestone member 

measured _ _ _ _ - - _ _ _ _ - - - - - - - - - - - - -  104. 6 
-- 

Total thickness of platy limestone 
member (see pl. 6) - - - - - _ - _ - - -  187. 0 

Cumulative aboue datum thicknead 

Alapah limestone-Continued Ueetet) 

Thickness of Alapah limestone meas- 
ured____-- - - - - - - -_- - - - - - - . - - - - - -  6284~ 

Total thickness of Alapah lime- 
stone (see pl. 6) _ - - _ _ _ _ _ _ _ - _ - - 970f 

REFERENCE LIST OF FOSSIL-COLLECTION AND ROCK- 
SAMPLE NUMBERS 

Fossil collections and rock samples examined in the 
course of this study were obtained from the strati- 
graphic positions indicated below. The symbols for 
members are those used in figure 4. 

FOSSIL COLLECTIONS 

CoU. no.1 Section 

USNM 3087 --.........---.--...- J 
a . . . . . . . . .  J 
1 ............ I 
2 . . . . . . . . . .  F 
m . - - - - - - - - -  I 
3099 .----_----...-.-.- H 
3102 . .  H 
3103 .-..---.-...------ H 
3104 ...--.-........---- I 
3111 C 
3112 ...--.....-...---..-- I 
3113 I 
3115 -.------..-.-.....--- I 
3116 .-----....-.-.----..- I 
3117 . . . . . . . .  I 
3 . .  I 
3119 . .  I 
3121 -.-..-.--.-.-..---..- H 
3123 -..--...-.-...-.----- I 
3 1  I 
3 1  . .  C* 
3 1  . .  C* 
l a  . .  C* 
3137 -.-.-......--.-....-- F 
3 1  . . . . . . . . .  C* 
3139 ..-.-......---....--. C* 
3 1  ........... C* 
3142 ..-.--.-....-..----.- F 
3162 ...----....-...---.-- I 
3 1  . . . . . . . .  J 
3179 ........... J 
3 . - - - - -  J 
3186 ..---------..-.-..--- J 
3 . - - - - - - -  J 
3189 . . . . . . . .  J 
3 . - - - - -  J 
3191 ..----....-.-.--...-- J 
3192 . . . . . . . .  J 
3193 -------.----...--.-.. K 
3194 -..-.----.-.-..-.---. J 
3196 --.---.-..-.-.--...-- K 
3 1  . .  K 
3198 ..---..-.----..----.- K 
3 - - - -  J 
3202 -.--.-.-.-...-.---.-- J 
3 - - - - - -  K 
3 - -  K 
3206 .---.--.-.-.-..-...-- K 
3207 ..----.------.------- K 
3208 K 
3208 -.----...-...-.-.---- K 
3210 .-.-..-..-...-.--... K 
3211 -.-.-.-..-.---.------ K 
3212 K 
3215 5 -.--.-...----.----- K 
3216 a --.--...-.-.-.----. K 

See footnotes at end of table, p. 35. 

Member t 
Mad 
Mas 
Mwc 
Mka 
Mwc 
Mwc 
Mwc 
Mwc 
Mwc 
Mwd 
Mwd 
Mwb 
Mwb 
Mwd 
Mwb 
Mwd 
Mwd 
Mws 
Mwc 
Mwc 
M ku 
Mka 
Mka 
Mka 
M kr 
Mka 
Mkr 
M kr 
M wb 
Mas 
Map 

Mas-Mad 
Mad 
Mad 
Mab 
Mab 
Map 
Mad 
Map 
Map 
Map 
Map 
Mac 
MaD 
Mab 
Mac 
Mac 
Mac 
Mac 
M ao 
Ma1 
Ma1 
Ma1 
Ma1 
Man 
M af 

Jnit no. 
2 
1 
3 

18 
4 
2 
8 
9 

11 
98 

108 
126 
112 
102 
125 
101 
109 

1 
5 
6 

36 
3 -8 
3-8 
19 
41 

16-17 
41 
24 

149 
1 

50 
1-2 
31 
31 

106 
111 
04 
42 
3 

94 
4 
4 

74 
105 
111 
80 
78 
80 
75 

77-78 
82 
93 
93 
90 

104 
98 

Position in 
section (feet) 

84.543.3 
50.0 

141.6-148.0 
7653, 

149.5-167.0 
21.0-24.0 
81.0-90.0 

124.2 
233.0 
708.2 
797.5 
957.0 

845.0-849.0 
726.3 
954.2 

720.1-721.5 
800.0 

10.0-14.0 
182.5 
194.8 
898.7 

7390749.0 
739. 0-749.0 

796.0 
948.5-952.7 
774.8-783.3 

949.0 
955.7-960.0 

1,229.9 
38.0 

294.2 
043.3 
172.0 
172.3 
448.0 
467.2 
374.5 
216.2 
376.0 
374.5 
388.5 
389.7 

674.5-675.0 
437.2 
465.6 

692.2-692.4 
685.5 

690. (t692.4 
675.8 

677.5,683+%3.9 
700.5 

732.0-735.0 
739.0 
725.9 

840.0-850.0 
771.0 



THE PALEOZOIC SECTION IN THE SHAININ LAKE AREA 

FOSSIL COLLECTIONS-Continued 

Position in 
Cdl. no.1 W i o n  Member Wait no. section (feet) 

U S  3 . .  K Man 107 86. 9 
3219 3 -.---.---.---..--.. K Man 104 840.0-850.0 
3221 6 ---.-.-._-------... K Man 104 840.0-845.0 
3 2 n  ---------_-------.--- I MWC 9 226.0 
3 . .  I Mwb 125 956.0 
3 . .  H Mwc 11 135.5 
3234 ..--.---.-----.------ Q M kr 41 948.5 
3236 -...-.---.----.------ Q M ka 14 772.0 
3 7  . .  F Mka 20 798.0 
3 9  . .  F M kr 23-24 955.7-960.0 
3 . .  Q Mka 3 725.9-737.5 
3 2  . .  Q Mka 13 766.0 
3 2  - -  Q M ka 3 725.9-731.0 
3244 2 ---.---_---------_* Q Mku 28 820.0 
3247 ..-----.-.--.-------- 0 Mka 25 795.3-798.0 
3 2 4 9 . .  Q Mku 33 848.0-851.0 
3 J Mad 2 84.5-93.3 
2 I Mwb 125 952.8 

. .  Q Mku 37 899.0 
3 - H Mwc 16 183.0-197.0 
3 2  . .  I Mwd 49 543.8 
3262 ---..-.-.---.---.-.- I Mwd 91 664.0 
3 I Mwd 102 722.0 
3264 - -  I Mwb 116 869.0 
3265 - -  I Mwb 130 975.1 
3 - -  I Mwb 134 1,051.5 
3267 - I Mwd 24 407. 6 
3377 .-..-.---.-..--.-.-.- C Dks 7 81. (t85.0 
3380 --.--.-.-.-...-..--.- C Dks 5 50.0-51.0 
3381 --...-.-------------- C Dks 5 46.3 
3 2  . .  C Dks 4,5 37. (t-17.0 
3 . .  C Dks 1 0-1.0 
3 3  . .  C Dkm -------- 1,025.0 
3 D Dks 66 859.4 
3386 . .  D Dks 63 850.5-8.55.5 
3387 .-..-..-------.------ D Dks 57-61 837.0-846.0 
3388 . . . . . . . . . . . . . . . . . . . . .  D Dks BO 841.0-842.0 
3389 - -  D Dks €4 751.0 
3390 ..................... E Mks 6 26.0 
3391 -....-.-------------- F Mks 9 91.0 
3 3  - .  G Mka 14 773.0 
3393 . .  Q M ka 3 727.0 

USQS 3382 1 -.-..--.-----....--- A DS 1 0-50 
1 . .  I Mwb 116 870.0 
14952 --------.----------- I Mwb 121 820.0 
4 9  - -  K Man 100 786.0 
14954 9 I Mwb 121 918.5 
4955 . .  K Maf 100 795.8 
14956 .-.-.-.-..---------- K Maf 100 790.0 
4957 . .  K Msl 93 732.0-735.0 
4959 . J Mas 1 3.3 
4 . .  K Man 107 869.0 
4 1  - -  I Mwd 26 413.3 
1 4 5  . .  H Mwc 2 21.0-24.0 
14970 .-----.-.-.-.-.....- D Dks 53 761.0 
4 1 . .  D Dks 2 141.0 
14972 --.-.---.-.-.-...-.- I Mwb 116 875.5 
14973 . .  I MWC 1 122.3-126.3 
14974 . .  J Mad 2 84.5 -93.3 
14975 J Mas 1 48.0 
4 9 7  . . . . . . . .  K Man 108 879.0 
4977 . .  K Maf 101 802.0 
14978 .-...-.-.----------- K Maf 100 785.0 
14979 ----.-...-.-.------- K Mab 50 509.0 
4 - - - .  K Map 26 449.2 
14981 . .  F Mkr 23 955.0 
14982 ..----.-.-.-.---.--- I Mwb 116 871.0 

USNM refers to United States Natlonal Museum numbers (red) for 1949 collec- 
tions; and USQS refers to United States Qeological Survey Upper Paleozoic numbers 
lor 1960, with the exception of USGS 3382 (Lower Paleozoic). 
' Float. 

Channel sample from shale only. 
Channel sample from limestone only. 

1 From west side of 8bainin Lake. 
@From l r a v w  below section C. 

Float; probablytrom 910 feet. 

ROCK SAMPLES 

Sample no.] 
49 ARo 1 -.-.---------.-------------- 

Section 
J 
I 
J 
K 
I 
I 
J 
I 
I 
I 

Memhm 
Map 
Mwd 
Mab 
Map 
Mwd 
Mwd 
Mad 
Mwd 
Mwd 
Mwd 
Map 
Mwd 
Map 
Mwb 
Mas 
Mab 
Map 
Map 
Map 
Mab 
Mwb 
Mwb 
Mwd 
Mwd 
Mws 
Mwd 
Mwd 
Mwd 
Mwb 
Mwc 
Dks 

Mwd 
Dks 
Dks 

Mwb 
Dks 
Mkr 
Mwc 
Mwb 
Dks 
D ks 

Mwd 
Dks 
Dks 
Map 
Dks 
Dks 
Dks 
Mkl 
Mkl 
Dkm 
Dks 
Dks 
Dks 
Dks 
D ks 

'Mau 
Mab 
Maf 
Maf 
M a1 
Mac 
Mac 
M a1 
Mac 
Mad 
Mab 
Mad 
Mad 
Mab 
Man 
Man 

89 .--------..--...----------- K Ma1 
K Mab 

9 K Mab 
92 ---------...---.----------- K Man 

See footnotes at  end of table, p. 37. 

Unit no. 
105 
75 

106 
20 
71 
87 
2 

91 
28 
34 
79 
57 
20 

136 
1 

114 
97. 
I9 
80 

107 
148 
117 
107 
18 
1 

16 
106 
23 

149 
6 

48 
28 
48 
60 

148 
27 
23 
8 

149 
16 
20 
22 
56 
31 
4 

7-9 
24 
35 
1 
1 

- - - - - - - - 
475 
61 

12,13 
7 
5 

112 
66 

102 
94 
90 
73 
78 
83 
77 
5 

44 
35 
26 
63 

105 
104 
93 
36 
35 

106 

Position in 
section (feet) 

438.1-438.3 
602 0 
447.0 
430.7 
569.9 
645.1 
87.9 

663.2 
428.2 
457.1 
350.3 
550.4 
429.1 

1,061.0 
33.0 

488.7 
372.2 
428.1 
350.8 
451.3 

1,216. 5 
883.2 
777* 
382.5 

6.0-9.0 
371.5 
753.0 
403.5 

1,223.8 
38.9 

740.6 
429.6 
749.0 
841.5 

1,215.1 
374.0 
951.8 
61.0 

1,218it 
246.7 
268.7 
397.5 
834.6 
695.0 
338.0 

152.0-156.4 
342.0 
705.0 

657.0-660.0 
657.0-660.0 

1,025.0 
37.0-47.0 

842.6 
105.0-108.5 

79.0 
50.5 

946.0 
650.0 
808.8 
742.0 
725.9 
673.0 
685.5 
702.3 
679.7 
129.2 
502.6 
188.8 
165.3 
593.3 
863.0 
838.0 
734.0 
488.0 
479.4 
859.5 



EXPLORATION OF NAVAL PETROLEUM RESERVE NO. 4, ALASKA, 1944- 

ROCK SAMPLES-Continued I ROCK SAMPLES- 

Sample no.1 
49AB0 93----..--------..----------- 

94 - - - - - - - - - - - - - - - - - - - - - - - - - - - 
95- - - - - - - -. - - . - - - - - - - - - - - - - - - 
96 - - - - - - - - - _ - - - - - - - - - - - - - - - - - 
97---------------------------  
98 - - - - - - - - - - - - - - - - - - - - - - - - - - - 
99 ... . - - - - . - - . - . - . - - - - - - - - - - - - 
100. . . - . - - - - . - - - - - - - - - - - - - - - - 
101- --. -- - - -- - - - - - - - -- -- - - - -- 
102-. - - - - - - . - - - . - - . - - - - - - - - - - 
105. - - - - - - . - - . - - . - - - - - - - - - - - - 
107 - - - - - - - - -. - - - - -. - - - - - - - - - - 
108- - - - - . - - . - . - - - - - - - - - - - - - - - 
lo9 - - - - - - - - - - - - - - - - - - - - - - - - - - 
110- - --- -- -- -----. ------ ----- 
111.. . - - - - - - - - - - - . - - - - - - - - - - - 
112- - - -. - . - - - . - . - - . - - - - - - - - - - 
113- - - - - - - . - - - - -. . - - - - - - -- - - - 
115 --------.--------------- .- 
117- - -.-------- .- -- - -- -- - - --- 
118-. -. .-.- ----------- ------- 
177-. --.----. .- ---.--- -- ----- 
178 -....---.----------------- 
179.. ----- -- -- ------ 
180 ' -.------.-.-------------- 
181 - - - - - - - - - - -- - - - - - - - - - - - - - - 
182-. --. -.-- -.--- -.-- -- ------ 
1m ....--..---.-.------------ 
1%. . -. - . - - -. - - . - . -- - - - - - - - - 
185- - --.-.-------.- -- -- ------ 
186.. - . . - . - . . -. - - - . - - - - - - - - - - 
187. -. . - . .- -- - - - - - - - -- - - - - - - - 
188 - - . - - - . - . - . - . - - - - - - - - - - - - - 
189-.-------.----.----------- 
190 - - - . - - . - . - . - . - - - - - - - - - - - - - 
191- - .--.. -----.------------- 
192- -.-.----a- -.------- --- --- 
193- - -- - - - - - - -- -- - - - - - - - - - - - - 
194 - -. - -. - - - - - - - . - - - - - - - - - - - - 
195 ...-----.-.-.------------- 
196-------------------------- 
197 -...---------------------- 
198.. - - . - . - . - - - - - - . - - - - - - - - - - 
199-. ... -- ---.---- .---------- 
230 - - - - - - - - - - - - - - - - - - - - - - - - - - 
201-. ---. .- .--.--- -- -- ---- -- - 
202- . . . - - - - - - - - -. -. - - - - - - - - - - 
204- - - - - - - - - - . - - - - - - - - - - - - - - - 
205- - -. - - - - - - - - - . - - - - - - - - - - - - 
207 ..----..-.---------------- 

49 AMi I-. -------...----..---------- 
2 -----. -. -- -- --------- - ---- -- 
3 .--...----..---------------- 
4-- -. .--- -- --. - -- .---- ---. --- 
6- - - - . . - - - - . - - - . - . - - - - - - - - - - - 

50 ABe 1 ----.. , -.-------.----------- 
2..-------.-.--.--.-----:---- 
3 - - . . -. . - - - - - - - - . - - - - - - - - - - - - 
4---------------------------- 
5 - . - -. - - - - - - - -. . - - - - - - - - - - - - - 
6 - - - - - - - _ - - - - - - - - - - - - - - - - - - - - 
7. - - . . -. - - - - - - - - . - - - - - - - . - - . 
8 ...-.-.------.----------- :-- 
9. ..-.---------.--.---------- 
10. . - . -. - - - - - - - - . . - - - - - - - - - - - 
11 ---.-------...--.---------- 
12. - . . - - - - - - . - . . . . - - - - - . - - - - - 
13 - - - . - - - - - - . -. - - - - - - - - - - - - - - 
14- - . . - - . --. - - - - - -- - - - - - - - - - - 
15- - -. . . - . - - - . - -. - - - - - - - - - - - - 
16 - . -. . - - - - - - - - . - . - - - - - - - - - - - 
17- - -. - -. -. -- - - - -- -- - - - - - - - - - 
18. . - - - . . . . . - - - - - . - - - - - - - - - - - 
19--------------------------- 
20 - - - - - - - . - . - - - - - - . - - - - - - - - - - 
21 --------..-----..---------- 

See footnotes at end of table, p. 37. 

Section 
K 
K 
I 
K 
K 
I 
I 
I 
I 
I 
1 
I 
I 
I 
I 
I 
I 
I 
I 
1 
I 
I 
J 
I 
11 
D 
I 
I 
I 
D 
I 
I 
D 

Member 
Man 
M a1 

Mwb 
Mab 
Maf 

Mwb 
Mwd 
Mwb 
Mwd 
Mwd 
Mwb 
Mwd 
Mwd 
Mwd 
Mwd 
Mwd 
Mwd 
Mwd 
Mwd 
Mwd 
Mwd 
Mwc 
Map 
Mwc 
M wc 
Dks 
Mwd 
Mwc 
Mwd 
Dks 

Mwc 
Mwc 
Dks 

Mwd 
Mwc 
Mwc 
Mka 
Mka 
Mka 
Mka 
M ka 
Mks 
Mwd 
Dks 
Mku 
Dks 
Mka 
Mwd 
Mwb 
Mks 
Mwc 
Mwd 
Mwd 
Mwd 
Mwd 
Mwc 
Mwr 
Mwd 
Mwd 
Mwd 
Mwd 
Mwd 
Mwd 
Mwd 
Mwd 
Mwd 
Mwd 
Mwd 
Mwd 
Mwd 
Mwd 
Mwd 
Mwd 
Mwd 
Mwd 
Mwd 

Unit no. 
104 
85 

111 
65 

100 
121 
107 
116 
54 
40 

112 
45 
49 
66 
31 
92 

112 
35 

105 
98 
19 
1 

55 
3 
8 

64 
13 
8 

14 
51 
7 
2 

63 
13 
9 
6 
9 

25 
3 

13 
3 
6 

13 
52 
32 
63 
10 
84 

149 
7 
8 

16 
20 
24 
75 
9 

12 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 

Sample no.] 
22 - - - - - - - - - - - - - - - - - - - - - - - - - - - 
23 ---.-.--.------------...--- 

Nl ABo 1 --------.------------------- 
2 - - . . - . - . - - - . - - - - - - - - - - - - - - - - 
3-----------..-...----------- 
4 - - - - - - - - - - - -'- - - - - - - - - - - - - - - - 
5 - - - - - - - - - - - - - - - - - - - - - - - - - - - - 
6.. - - - - - - - - - - - - - . - - - - - - - - - - - - 
7---------------------------- 
8- - - - - - . - - - - . - - - - - - - - - - - - - - - - 
9- - - - - - - - - - - - - - - - - - - - - - - - - - - - 
10 - - - - - - - - - - - - - - - - - - - - - - - - - - - 
11. - -----. - - .--- -- -- -- - - - -- -- 
12- - . . . - - - - - - - -- - -. -- - - - - - - - - 
13- - - - - - - - - - - - - - - - - - - - - - - - - - - 
14- - - -- - - - -. - - - -- - - - - - - - - - - - - 
15. - - - - - - - - - - - . - . -. - - - - - - - - - - 
16- - . - - - - - - -- -- -- -. - - - - - - - - - - 
17 --.------. --. - -.--- ---- - - - -  
18- - - - -- - - - - - -- -. - - - - - - - - - - - - 
19- - - - - - - -. .. - . . - - - - - - - - - - - - - 
23 - - - - - - - - - - - - - - - - - - - - - - - - - - - 
21 - - - . . - - - - - . - - - - - - - - - - - - - - - - 
z--------------------------- 
23-.-------.---.--.---------- 
24. . - - - - . . - - . - - . - - - - - - - - - - - - - 
25- . - - - - - - . . . - - - - - - - - - - - - - - - - 
26 - - - - - - - - -. . - . . . - . - - - - - - - - - - 
21. - - - - - - - . - . - - - - - - - - - - - - - - - - 
28 - -. - - - - - - - -. - - - - - - - - - - - - - - - 
29 - . - - -. - - - - . - - - - - - - - - - - - - - - - 
30 - . - - - - - . -. . - - - - - - - - - - - - - - - - 
31 - - - - - - - - - - - - - - - - - - - - - - - - - - - 
32..--------.-.-----------.-- 
33 - - - - - - - - - - - - - - - - - - - - - - - - - 
%--------------------------- 
35 - - - - - - - - - - - - - - - - - - - - - - - - - - - 
36-.------.-..----.---------- 
37- - - - - - - - - -- - - - - - - - - - - - - - -- - 
38--------------------------- 
39. . . - - - - - -. - . -. - - - - - - - - - - - - - 
40-.-----.-..---.------------ 
41-.---.---..---.-.---------- 
&--------------------------- 
43 - - - - - - - - . - - - - . - - - - - - - - - - - - - 
44. - - - - - . - . . . - - - - - . - - - - - - - - - - 
45..------.--.-.-.----------- 
46. . . - - - . - - - . - - - - - - - - - - - - - - - - 
47..----.---..-.------------- 
48. - . - . - - - . . - - - - - - - - - - - - - - - - - 
49- - . . - - - - - - -. - -. - - - - - - - - - - - - 
50- - - - - . - . - - . - - - - -. - - - - - - - - - - 
51 - . - - - - - . - -. - - - - - - - - - - - - - - - - 
62-----.---..---------------- 
53 - - - - - - - - - - - - - - - - - - - - - - - - - - - 
54. . - - . - - - - - . - - - - - - - - - - - - - - - - 
&------------.--.-.--------- 
56--- - - - - - - - - - - - - - - - - - - - - - - - -  
57-..------------------------ 
58 - . - - - . -. . . . - - - - - - - - - - - - - - - - 
59- - - - - - - - - - - - - - - - - - - - - - - - - - - 
60 - - - - - - . - . . . . - - - - - - - - - - - - - - - 
61------..-.----------------- 
62--------------------------- 
63-. - - - - - - . . -. - . - - - - - - - - - - - - - 
64.---------.---------------- 
05 - - - - - - - - - - - - - - - - - - - - - - - - - - - 
66 - . - . - - - - - - . - - - - - - - - - - - - - - - - 
67 - -. - - . - - - -. - -. - - . - - - - - - - - - - 
68- - - - - - . -. . - - - - - - - - - - - - - - - - - 
69 - - - - - - - - - - - - - - - - - - - - - - - - - - - 
70. - - - - - - - - - . - - - - - - - - - - - - - - - - 
71 - - - - - - - - - -- -- - - - -- -- - - - - - - - 
72 - - - - - - - - - - - - - - - - - - - - - - - - - - - 
73- - - - - - - - - - - - - - - - - - - - - - - - - - - 
74--------------------------- 

See footnotes at  end of table, p. 37. 

Section 
I 
I 
I 
I 
I 

Member 
Mwd 
Mwd 
Mwd 
Mwd 
Mwd 
Mwd 
Mwd 
Mwd 
Mwd 
Mwd 
Mwd 
Mwd 
Mwd 
Mwd 
Mwd 
Mwd 
Mwd 
Mwd 
Mwd 
Mwd 
Mwd 
Mwd 
Mwd 
Mwd 
Mwd 
Mwd 
Mwd 
Mwd 
Mwd 
Mwd 
Mwd 
Mwd 
Mwd 
Mwd 
Mwd 
Mwd 
Mwd 
Mwd 
Mwd 
Mwd 
Mwd 
Mwd 
Mwd 
Mwd 
Mwd 
Mwd 
Mwd 
Mwd 
Mwd 
Mwd 
Mwd 
Mw d 
Mwd 
Mwd 
Mwd 
Mwd 
Mwd 
Mwd 
Mwd 
Mwd 
Mwd 
Mwd 
Mwd 
Mwd 
Mwb 
Mwb 
Mwb 
Mwb 
Dks 
Dks 
Dks 
Dks 
Dks 
Dks 
Dks 
Dks 

Unit no. 
14 
14 
16 
17 
19 
22 
24 
26 
27 
29 
30 
31 
32 
35 
37 
39 
40 
41 
46 
45 
49 
49 
49 
49 
58 
62 
71 
71 
72 
73 
73 
74 
74 
75 
76 
76 
78 
79 
81 
82 
84 
85 
87 
89 
89 
90 
91 
92 
93 
95 
95 
97 
97 
98 
98 

100 
102 
104 
105 
106 
107 
107 
107 
108 
111 
111 
111 
112 
19 
20 
21 
22 
22 
31 
32 
53 

Position in 
section (feet) 

347.5 
348.0 
3as. 0 
378.0 
386.4 
396.6 
406.5 
416.6 
426.5 
436.4 
445.7 
449.1 
456.1 
466.3 
475.5 
485.8 
492.7 
492.9 
502 8 
497.5 
531.8 
535.4 
541.5 
546.4 
551.7 
560.0 
566.4 
571.1 
576.1 
581.1 
586.1 
591.1 
596.1 
600.3 
604.2 
609.1 
614.1 
619.1 
624.1 
629.0 
633.9 
638.9 
644.1 
647.1 
652.1 
657.1 
663.0 
669.0 
672.9 
678.3 
683.2 
688.3 
693.3 
701.8 
706.8 
716.0 
725.6 
736.0 
746.1 
756.2 
766.1 
776.1 
786.1 
796.0 
805.7 
815.7 
825.7 
835.7 
255.0 
259.3 
265.0 
273.0 
276.0 
694.5 
697.8 
761.0 
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ROCK SAMPLES-Continued 
Position in 

Sample no.] Section Member Unit no. section (feet) 
60 ABo 75- ......------.-..-...-..--- F MBs 13 115.0 

A Ds 1 0-50 
93 -----.---..-.-.-.---------- A Ds 3 180-210 
94 . .  A Ds 5 350-400 
85 -.-----.---.-----.------- A DS 9 1,000-1,030 
96 -.-------.-------.------.-- A Ds 13 1,350-1,4CO 

149 ABo 1 designates sample 1 dollected by Bowsher in Alaska in 1949,'and so 
forth; Be refers to W. P. BrospB, and Mi refers to R. L. Miller. 

a From both fine- and coarse-grained limestone. 
a From coarse-grained bioclsstic limestone. 
4 From traverse above section H. 
8 From traverse below section C. 
6 From traverse below section 1 
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EXPLORATION OF NAVAL PETROLEUM RESERVE NO. 4 AND ADJACENT AREAS, NORTHERN ALASKA, 1944-53 

A NEW UPPER PALEOZOIC FORMATION 

CENTRAL BROOKS RANGE, ALASKA 

ABSTRACT 

The Siksikpuk formation, a new upper Paleozoic rock unit 
in northern Alaska, consists of about 350 feet of variegated shale 
and siltstone of probable Permian age. It rests disconformably 
on rocks of the Lisburne group (Mississippian) and is discon- 
formably overlain by the Shublik formation (Triassic) and, 
possibly, by younger Mesozoic formations. 

The Siksikpuk formation, together with older and younger 
strata, crops out in the highly disturbed overthrust belt adjacent 
to the north front of the Brooks Range and is everywhere in- 
tensely folded and faulted. 

INTRODUCTION 

The name Siksikpuk formation is introduced to 
designate a heretofore undescribed sequence of shale 
and siltstone that occurs above the Lisburne group 
(Mississippian) (Bowsher and Dutro, 1957) and below 
the Shublik formation (Triassic) (Leffingwell, 1919) 
in the central Arctic Foothills and Brooks Range 
provinces of northern Alaska (see fig. 5). This sequence 
forms a well-defined stratigraphic unit and has been 
mapped from the Anaktuvuk River as far west as the 
Kiligwa River. It is typically exposed in a series of 
cutbanks on Tiglukpuk Creek and its tributaries, and 
derives the name from the Siksikpuk River, to which 

. Tiglukpuk Creek is a major tributary. 

TYPE LOCALITY 

The Siksikpuk formation is not completely exposed 
at any one locality. The type section is a composite 
of 2 separate outcrops, approximately 2 miles apart, 
along a narrow belt of Siksikpuk exposures that paral- 
lels and lies immediately adjacent to the north front of 

the Brooks Range. ~ o t h  outcrops have enough 
distinctive marker beds so that the two can be correlated 
and a complete section compiled. The composite 
thickness totals 354 feet, of which the basal 62 feet was 
measured in the cutbank on the east side of Skimo 
Creek a t  about lat 68O17' N. and long 151°53' W. 
The remainder of the section was measured in the cut- 
bank on the east side of a small tributary to Tiglukpuk 
Creek at about lat 68O17' N. and long 151°48' W. (see 
fig. 6). Another section was measured along the Kiruk- 
tagiak River, 25 miles west of the type locality. There 
the formation thins to 250 feet, apparently because of 
pre-Shublik erosion. 

DESCRIPTION 

The Siksikpuk formation is composed chiefly of 
variegated green, gray, and dark red shale and siltstone 
that locally are notably calcareous, cherty, or ferru- 
ginous. All gradations from thin, fissile clay shale to 
platy silty shale to 6-inch beds of siltstone occur. 
Ellipsoidal concretions of barite characterize the lower 
two-thirds of the sequence. The variegated nature 
and the bright yellow and orange weathering of the 
ferruginous beds serve to distinguish, even a t  a distance, 
the Siksikpuk formation from the gray limestone and 
dark shale and chert of the underlying Lisburne group 
and from the dark shale of the overlying Shublik 
formation. 

The composite section as measured in the type area 
is given below. The youngest beds are a t  the top; 
color names conform to usage in the National Research 
Council rock-color chart (Goddard and others, 1948). 

41 
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Composite type section of Siksikpuk formation, Tiglukpuk Creek 
area, northern Alaska 

[Bad 32 ft. exposed at loo. A, flg. 6; upper 202 ft. at loc. B, fig. 61 

Triassic : Shublik formation. 
Disconformity. 
Permian(?) : Siksikl~uk formation: 

Thickness 
(feet) . . 

6. Shale, medium- to dark-gray and dusky-yellow- 
green, silty and cherty, breaks with a hackly 
fracture; minor grayish-red shale and medium- 
gray calcareous siltstone that weathers grayish 
orange----------------------------------  75 

5. Siltstone, dark-greenish-gray and medium- to 
medium-dark-gray, cherty; in beds 4-12 inches 
thick; minor dark-gray shale interbeds; locally 
weathers dark yellowish orange- - - - - - - - - - - - - -  40 

4. Shale, dusky yellow green a t  base, dark gray near 
top, silty; scattered ellipsoidal barite concretions 
as much as 2 feet long and 10 inches in diameter- 32 

3. Shale and siltstone; grayish-red and dusky-yellow- 
green calcareous shale intercalated with beds 
of grayish-red-weathering dusky-yellow-green 
cherty siltstone 4-12 inches thick; minor 
amounts of medium- to dark-gray siltstone and - - 
shale . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  145 

2. Siltstone, medium-gray and dusky-yellow-green, 
calcareous, in beds 4-12 inches thick; fossil- 
iferous, with pyrite nodules and pyritized fossils- 30 

1. Shale, grayish-red and dusky-yellow-green--- - -- - 32 

Total thickness-- . . . . . . . . . . . . . . . . . . . . . .  354 
Disconformity. 
Mississippian: Lisburne group. 

AGE 

A faunule of corals, brachiopods, and gastropods 
occurs in the basal 50 feet of this formation. Most 
significant for age determination are the corals, which 
have been studied by Helen Duncan. Concerning the 
age significance of the corals, Miss Duncan states 
(written communication, 1955) : 

A very few horn corals, mainly plerophyllid types, were found 
in the formation. A composite list of the corals obtained a t  
three localities includes Allotropiophyllum sp. undet., Euryphyl- 
lum sp. undet., Sochkineophyllum cf. S. artiense (Soshkina), 
Tachylasma sp. undet., and Ujimia? sp. undet. The corals 
provide somewhat better evidence than the other elements in 
the faunule for assignment of the formation to the Permian 
system. Tachylasma, Euryphyllum, and AUotropiophyllum (s. s.) 
have been recorded only from the Permian in other parts of the 
world. The specimens of Sochkineophyllum are comparable to 
S. artiense (Soshkina), which occurs in the Artinskian of the 
Urals. Ujimia ranges into the Carboniferous but is more 
common in Permian rocks. The genera of corals here reported 
from the Siksikpuk formation have also been identified in col- 
lections from Permian formations in other parts of Alaska. SO 
far, comparable assemblages have not been identified from rocks 
that are older than Permian. 

Most of the gastropods appear to belong to a species 
which, because of its persistence throughout northern 
Alaska, may be considered a guide to this faunal zone. 

Ellis Yochelson has examined all the specimens from 
this faunule and has made the following comments. 

Because most of the gastropods can be referred to the genus 
Straparollus, it is appropriate to comment on some of the mor- 
phologic features of that genus. Straparollus shells have two 
distinct layers. Although only the outer layer shows the true 
shape and ornamentation of the shell, the inner shell may show 
lines that might be mistaken for growth lines. It has been my 
experience that the shape exhibited by this inner shell is more 
rounded than the true shape, as shown by the outer shell in 
well-preserved specimens. 

Deformation is another factor that may modify the true shape. 
Because the apex and first few whorls are planispiral, specimens 
of Straparollus may be compressed and not show a cracking of 
the shell or any other obvious evidence of deformation. 

Taking these facts into consideration, I believe that all the 
StraparoUus specimens in the Siksikpuk faunule represent a 
single species, in spite of a considerable diversity of form ex- 
hibited. The species itself is indeterminate and indicates no 
age other than post-Ordovician Paleozoic. 

The brachiopods have been examined by J. Thomas 
Dutro, Jr., whose comments are included below. 

In the type area of the Siksikpuk formation, the most signifi- 
cant of several brachiopod forms is a small spiriferoid referred 
tentatively to the genus Spiriferella. This genus is found in 
Permian rocks in Russia, India, Oregon, and west Texas and is 
present in collections of Permian fossils from elsewhere in Alaska. 
Species of this genus are also found in upper Pennsylvanian and 
Upper Carboniferous rocks in various places. The martinioid 
and phricodothyrid types, not distinctive enough to indicate 
any definite age, are ubiquitous in late Paleozoic faunas. 

Collections made near Galbraith Lake in 1950 by W. P. Brosg6 
and H. N. Reiser, although not in the type area of the Siksikpuk 
formation, are uhdoubtedly from that -unit and provide some 
additional information. A spiriferoid, perhaps assignable to 
Purdonella, occurs about 400-500 feet above the base of the sec- 
tion. Associated with it are a chonetid, perhaps Chonetina, and 
a martinioid species similar to that which is present in the type 
area. This fauna also contains a straparollid gastropod very 
like the species found in the lower zone. I t  seems to be a good 
Permian fauna. 

The lower 50 feet of the Galbraith Lake section contains a 
faunule similar to that of the type area, where it also occurs near 
the base of the formation. There appears to be no reason to 
believe that this faunule is anything but Permian in age. The 
spiriferellid, phricodothyrid, and straparollid species are the 
same in both areas. It is probable that the fauna from the type 
area is also of Permian age. 

The overall aspect of the fauna, particularly when 
compared with Permian fossil assemblages from else- 
where in Alaska, suggests a probable Permian age for 
the Siksikpuk formation. 

GEOLOGIC SETTING 

Everywhere the Siksikpuk formation appears to rest 
disconformably upon rocks of the Lisburne group. At 
the type locality the contact is marked by several feet 
of thoroughly oxidized clay and silt. In most places 
the Siksikpuk formation is overlain disconformably by 
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F I G ~ E  8.-Map showing location of type section. 

the Shublik formation, although locally there is a sug- 
gestion that it is overlain by younger Mesozoic forma- 
tions. Basal beds of the Shublik formation rest upon 
the Siksikpuk formation at the type locality. At the 
top of the Siksikpuk formation are several feet of 
heavily oxidized shale underlain by 115 feet of silici- 
fied(?) shale and siltstone. 

The Siksikpuk formation, together with overlying 
Mesozoic and underlying late Paleozoic formation, is 
everywhere intensely faulted and folded, particularly 
along the highly disturbed overthrust belt that borders 
the north front of the Brooks Range. Because of its 
nonresistant nature, exposures are limited almost 

exclusively to small, scattered cutbanks along the 
nonglaciated, northward-flowing streams. 
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