
	

	 

	

			

	

	 	

	
			
	

		 	

	

• • 

1P/74717777;17T4 
t-Z ,1 yr

• 
tor( • s, 

4ft 

it A 

• - 6 -

:4-

„... 

•-• 

• * •-

r -vt-S • • -• • dt 
w. 

„.,*I 04 1, - • •-* • Yyt tieat:, 

tT 

t . •••• •:• "Z. •

• 
: • 

, 
>• • :. . ,

. ..; s • c.•. 
/ • - " -,tsr., • •.• 

. • p•,
!*i! 



t 

• 

C St, 

Ft_ _1)19 



I 3il1t918illeillillillsil311111111 



 
 

 

ciOLOGICAL 
S. 

•4. 

1.59795 

LIBRAO 



	  UNITED STkIFS Or 

Ve' 
IC4L 

C/FOLOGY OF THE SOUTFFASTERN PART C. THE 

RORINSON MOUNTAINS, YAKATAGA 7I.TnaCT, 

By 

Don J. Miller 

1955 

This report is preliminary and has rct 1-, en 
edited or rev.riewed for conformity with T1. S. 
qeologizal Survey standards and nomenclature. 



 
	 

	

	 

	
	

 

 

Flint - Int. 3749 

\<1 \ MEVETA'5121C--*PIF stria PlifEiEn 
0) ,INFORMATION SERVICE 

\e' SiA.z4 11"‘ ('",. 

fr 

JUL 18 1955 11,GEOLOGICAL SURVEY 

JJ 
For Release to M's, JULY 18, 1955 \ 

'11/8FRAV 
N"....-- 2_,-,--;= 

GEOLOGIC RT,TMT ON SOUTHEASTERN ROBINSON MOUNTAINS, AfX§ti- RELEASIM 

Release to open file of a report describing the geology of approximately 630 
square miles in the Robinson Mountains area in southern Alaska was announced today 
by Secretary of the Interior Douglas McKay. 

The study was made during the period 1944-1953 as part of the Geological 
Survey's program to investigate the petroleum possibilities of the Gulf of Alaska 
Tertiary province Federal oil and gas leases currently in effect or applied for 
cover more than half of this province, a 300-mile long belt in which many seeps of 
oil and gas are known and some high-grade oil has been produced. In the part of 
the Robinson Mountains described in this report private industry is currently 
drilling for oil. 

In addition to a brief text describing the stratigraphy, structure, and petro-
leum possibilities of the area the report includes a geologic map and structure 
sections of the southeastern part of the Robinson Mountains at a scale of 1:48,000, 
nine correlated stratigraphic sections, describing three sedimentary formations of 
Tertiary age which comprise the bedrock sequence exposed in the map area and 
adjacent part of the Robinson Mountains and a chart showing tentative identification 
arid .,,tratigraphic range of selected megafossils. The report supersedes a prelimi-
mily geologic map and structure sections of the Bering Glacier (A-2), (A-3) and 
(A-4) quadrangles and the Icy Ray (n-2 and D-3) quadrangles in the Yakataga dis-
trict, which was released for public inspection on May 22, 1953. 

The report entitled "Geology of the southeastern part of the ,obinson Moun-
tains, Yakataga District, Alaska," by Don J. Miller, has been placed on open file 
Pt the following Geological Survey offices: Library, Room 1033, General Services 
Adfainistration Bldg., Washington, D. C.; Brooks Memorial Mines Bldg., College, 
Aiaska; Room 117, Federal. Bldg., Juneau, Alaska; 210 E. F. Glover Bldg., Anchorage, 
Alaska; 4 Homewood Place, Menlo Park, Calif.; 468 New Customhouse, Denver, Colo.; 
807 Post Office and Courthouse, Los Angeles, Calif.; 724 Appraisers Bldg., San 
Francisco, Calif.; 504 Federal Bldg., Salt Lake City, Utah; South 157 Howard St., 
Spokane, Wash.; Territorial Department of Mines, Territorial Bldg., Juneau, Alaska. 
Copies from which reproductions of text and illustrations can be made at private 
expense are available at 4 Homewood Place, Menlo Park, Calif, 
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Firure 1. Treolo7y of the southeastern part of t:se Robinson Mountains, 

Yqkataga district, Alaska. 

2. Structure sections of the southeastern cart of the 

son Mountains, Yakataga districJ-, 

3. StraticTaphic sections of Tertiary rocks exposed in the 

Robinson Mountains, YalcatapA district, Alaska. 

TA 91..FS 

Table 1. Selected mollusks from the Poul Creek and Yakata,7a for-

mations, Yakataga and Malaspina districts, Alaska, 

showinp, tentative identification and stratigraphic range. 



	

GEOLOGY OF THE jeUTHASTEN FART OF THE 

ROBlNSON MOUNTAINS, Y;,KATAGA DISTRICT, ALALKA 

a-n J. Miller 

INTRODUCTION 

This report gives the results of geologic investigations in 

the Yakataga district on the south coast of Alaska, including de-

tailed geolwJe mapping in the southeastern part of the Robinson 

Mountains, and reconnaiss;mce study of the stratigraphy and struc-

ture of adjoining; areas. The geologic map that accompanies this 

report covers an area of 630 scuare mites and includes the Bering 

Glacier (A-2), (A-3), and (A-4) quadrangles and the Icy Bay (D-2 

and D-3) quadrangle of the Alaska inch-to-the-mile quadrangle map 

series. (see fig,. 1.) 

The I?obinson Mountains, risinc abruptly from the coastal plain 

to a maximum altitude of about 9,000 feet, are bordered on the west, 

north, and northeast by the Berin and Guyot glaciers and connect-

in ice fields. (See index map fig. 1.) The mountains extend 

nearly across the central part of the Gulf of. Alaska Tertiary prov-

ince. This province, a distinctive topographic and i:eologic sub-

division of the Pacific Mountain System bordering the :gulf of Alaska, 

is an arcuate lowland and foothills belt 300 miles long and 2 to 40 

miles wide in which sedimentary rocks of Tertiary age are exposed 



	

or are inferred to underlie lowland areas covered by ice or uncon-

solidated deposits (Gryc and others, 1951, r. 159-162). 

Interest in the placer gold deposits and in the possibilities 

for petroleum and coal led to the first systematic geoloic in-

vestic_;ation of the Robinson Mountains, a reconnaissance of the 

southern part made by A. Maddren in 1913 (Maddren, 1914; Martin, 

p. 3L-L2). N. L. Taliaferro (1932, p. 75C-777) described and 

named the foul Creek and Yakataga formations, based on his study of 

the coastal area between Cape YakataiT,a and Icy Bay in 1920. The 

fossils collected from these formations by Taliaferro were described 

by Clark (1932). A field party representing the Standard Oil Company 

of California, the Tide Water Associated Oil Company, and the Union 

Cii Company of California made a geolocric investigation of the south-

ern part of the Robinson Mountains in 1938. The unpublished report 

resulting from this work was made available to the United States 

Geological Survey ror confidential review. The most comprehensive 

of several other geologic studies made more recently on behalf of 

oil companies, the results also not intended for publication, are 

the investigations by the General Petroleum Corporation of California 

in 1951 and by the Shell Gil Company in 1953, and the continuing in-

vestigations by the Phillips Petroleum Company, started in 1953 in 

connection with exploration of a large lease tract in the Robinson 

Mountains. 

The field studies on which this report is based were undertaken 

by the Geological Survey between 191 and 1953, the primary objective 
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being to obtain basic geologic information to appraise the petroleum 

possibilities of the Yakataga district and to aid the search for 

acmmulaticns of oil or gas. A coastal area in the Robinson Mount-

ains where many oil seeps occur was one of several areas in Alaska 

selected for geologic investigation in 19414, in response to the then 

acute nationaa situation in regard to oil. During the summer of 1944 

E. M. Spieker, M. S. Walton, Jr., and C. E. KirsOlner mapped an area 

of 210 square miles, including most of the Yakataga River-Yakataga 

Glacier drainage basin and the coastal area between the Yakataga 

Airport and Johnston Creek (Spieker and others, 1945; Reed, 19)46, 

T. 1L37-1438. The writer began reconnaissance geologic mapping of 

the western part of the Robinson Mountains during the field season 

of l9)46. During the 1947 field season this work wa,. extended, with 

the assistance of F. E. Johnson, to the south central and south-

eastern part of the Robinson Mountain. More detailed mapping was 

begun in the coastal area between the Duktoth River and Icy Bay 

during the latter part of the 1947 field season and early part 

of the 19)48 field season (Miller, 1951). Detailed mapping in the 

newly compiled inch-to-the-mile topographic quadrangles covering 

the southeastern Robinson Mountains was continued by the writer 

during the 1951 and 1952 field seasons (Miller, 1953) and com-

pleted, with the assistance a George Plafker and D. L. Roseman, 

during one month of the 1953 field season. In the field 
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work between 194h and 1953 extensive use was :vide of the airplane 

to transport men, equpment, and supplies to the Yakataga Airport 

and other base camps; to drop supplies for many supplementary camps 

that could be reached only on foot; and for air observation and 

photo7aphy as direct aids to geologic mappin?. 

In the course cf the field work Between 1946 and 1953 the writer 

remapped the area previously mapped by Spieker, W,lton and Kirschner. 

Their work, althouct greatly handicapped by lack of a base map and 

adequate aerial photography, nonetheless aided later restudy of the 

area in Preater detail, and contributed much to the writer's under-

standing of the many geologic problems encountered there. 1 E. 

Vokes, Ralph Stewart, and I. Pertlein independently identified 

portions of the collections of fossil mollusks made during the 1944-

1953 investigation. F. S. MacNeil reviewed the molluscan faunas in 

all 'Ieoloical Survey collections from the Foul Creek and Yakataga 

formations, and prepared the faunal list that accompanies this re-

port. W. W. Rau identified the Foraminifera in several samples 

from the Poul Creek and Yakataga formations. The Civil Aeronautics 

Administration, through its station at the Yakataga Airport, pro-

vided living quarters and storage space for equipment and supplies, 

and maintained radio contact with Geological Survey field camps 

when needed. Mr. and Mrs. `den Watson and Messrs. Jack Carson and 

Carl Killian, long-time residents of the Yakataga distrdct, as well 

as the frequently changing personnel of the Yakataga C. A. A. station, 

aided the field work in many ways. 

1.1 



	

STr-UlTigRAPHY 

The bedrock exposed in the area of this report and in the ad-

jacent part of the ;:lobinson Mountains consists of an apparently 

conformable sequence of well-indurated sedimentary rocks having a 

composite thickness of at least. 25,400 feet and ranging in age from 

early Tertiary to late Tertiary. The bedrock sequence is divided 

into three formations: the nonmarine and marine Kulthieth formation 

of early Tertiary a,e; the marine Poul Creek formation of middle 

Tertiary age; and the marine Yakataga formation of late Tertiary 

age. (See rli!. 3.; The age assignment of these formations within 

the Tertiary period is necessarily tentative, in part because of 

the uncertainty of their correlation with the standard Tertiary 

sections of the Pacific Coast of North America, and in part because 

of the difference of opinion that exists in the classification of 

the Pacific Coast Tertiary with reference to the international time 

scale based on the standard Tertiary sections in Europe (Weaver and 

others, 19U, p. 570-574, pl. 1). 

Kuithieth formation 

The oldest rocks exposed in the Robinson Mountains consist of 

at least 9,300 feet of nonmarine and marine sandstone and siltstor 

with many intercalated thin beds of hi-rank coal, previously design-

ated by the infornvil term "lower Tertiary secuence" (Miller, 1951, 

p. 13-17). The name Kulthieth formation (pronounced Kill-ti4t), 

which is a new name for these strata, described in the Oil and 



	

and Gas Map for this area in preparation for publication by the 

'1eolo7ical Survey. These strata are extensively exposed in the 

area drained by the Kulthieth, Kaliakh, and Duktoth Rivers in the 

western and northern part of the Robinson Mountains. The area in 

the vicinity of the small lake at the head of the northeasternmost 

branch of the Kulthieth River, where stratin.aphic section no. 2 

was measured (index map f17. 1), affords what is believed to be 

the most complete and least disturbed section of the Kulthieth 

formation and will be designated the type locality. The Kulthieth 

formation is overlain with apparent conformity by the Poul Creek 

formation. The base of the Kulthieth for.i_ation is not exposed in 

the Robinson Mountains. In the map area of this report only the 

upper part of the Kulthieth formation is exposed. This includes 

small areas at the head of the Yakataga Glacier and a narrow belt 

north of the Miller Creek fault between Boulder Creek and the Watson 

Glacier. 

At the type locality the Kulthieth formation includes three 

dominantly sandy units: the upper 1,400 feet, and the units 1,900 

to 3,200 feet and 3,600 to 5,400 feet below the top. These alter-

nate with three dominantly or conspicuously silty units.' Reconnais-

sance study of the adjacent area in the western Robinson Mountains 

has indicated that at lest four of these units are mappable units 

(Miller, 1951, p. 14) which may, after more detailed mappin: war-

rant designation as members. 
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Sandstone showing wide variety in train size, betiing, color, 

and composition predominates in the Kulthieth formation, constitu-

ting about 65 percent of the section measured at the type loclity. 

Most of the sandstone is well indurated and poorly sorted, consist-

in,7, of very fine drained to medium-7,rained angular to subrounded 

mineral grains and rock framents in a matrix composed chiefly of 

silt-size grains. Only a small proportion of the sandstone consists 

chiefly of detrital frwments coarser than 0.5 mm. diameter; detrtal 

fragments as large as pebble size are rare. The most abundant type 

is massive to cross-bedded arkosic sandstone that is may to olive 

gray on fresh surfaces and weathers yellowish 'Tray to brown. in 

outcrop, some sandstone of this type is moderately well sorted and 

appears to have sufficient porosity and permeability to serve as a 

reservoir rock for petroleum. Other common types of sandstone occur-

ing in the sandy units of the formation are massive to thin-bedded, 

partly banded olive-green to olive-i7ray sandstone that contains a 

large proportion of dark ferramagnesian minerals; massive gray to 

yellowish-i.Tay arkosic sandstone with conspicuous brownish-ray 

to olive-gray mottlirw; and thin-bedded gray micaceous sandstone. 

In the silty units of the Kulthieth formation dark-ray to 

black carbonaceous or micaceous siltstone is interbedded with 

erally thin beds of massive gray to brown arkosic sandstone and 

thin-bedded very fine rained micaceous sandstone. These silty 

units are characterized by thin discontinuous beds and lenticular 

concretions of calcareous arkosic sandstone or sandy limestone 



	

	

are J_ray or brown on rresh surfrtces but inather briht yel.low-

ish orange. Authigenic luartz raning from a fraction of 

art inch to 2 inches in largest dimension occur abundantly in some 

of the arkosic sandstone beds, especially thse in the silty unts. 

Fieds of coal ran7ing in thickness from a fraction of an inch to 

about 6 feet occur throuhout the for' ation but are most abundant in 

the silty units. The coal commonly is sheared or powderel e'en in 

the freshest exposures, althou7h locally it is blDcky. 13:1sid on 

anal7nis of one samnle from the Robinson Mountains (addren, 1913, 

p. i18) and on comparison with coal of approximately the sane age 

:Ind similar physical characteristics in the Katalla district, most 

of the coal in the Kulthieth formation raniTes in rank from low-volatile 

bithminous to semianthracite. Thin, hip ly sheared beds of coal hav-

in,7, the conchoidal fracture and luster typical of anthracite are 

present in outcrops of the Kultheith formation adjacent to the 

Chugach-St. Elias fault north and northwest of the iiobinson Moun-

tains. 

Marine invertebrate fos3ils have been collected from sandstone • 

beds at several localities in the western part of the :oLinSon 

Mountains. The stratig-ra!ihic position of these fossiliferous beds 

within the Kultheith formation is not known with certainty, but they 

are believed to be in the up7-,r part, probably not more than 2,000 

feet and possibly not 6han 1,000 feet below the top. According 

to H. E. Yokes, correlation with the late 7,cane faunas of the Cow-

litz formation of Washington and the Tejon formation of California 

9 



	

	

is L:ilicated the foliowin specia in the Kulthieth formal ion: 

''rassatP.111 c'. lalli (WeAver) 
71771i1Cf:7. calrfurnj.ana (Conrad) 

;. coli:.mbiana -71eaver and PalAer) 
777c7p515 7owTrtiersts(We.lver) 
7.75e c!f. t.ta7—(Gabb) 
77rtella—Uvasan7Onrad subsp. 

7urritella and other genera of marine 

invertebrates found in the Kulthieth formation are .renerally re,;ard-

ed a indicating tropical to warn temperate water. This evidence of 

warm climate is corroborated by the widespread occurrence in Alaska 

of an early Tertiary flora containin;7 many subtropical and temper4te 

genera. 

Foul Creek formation 

Taliaferro (1932, p. 7>4-756) proposed the name Poul Creek 

formntion for strgta exposed alon; Poul Creek and elsewhere in the 

coastal area of the Hobinson Mountains, consisting of "fully 11000 

feet of dirk hard platy shales, in part calcareous and in part sandy, 

thinbe,ded sandstones, conglomerates, occasfonal thin limestones, 

and a few beds of F:lanconitic sandstone". He LA:fted that the Poul 

Creek forWion is con'Tornably overlain by the Yakata,m formation 

t,flat the base of the forfq;Ition is not exr.osed in the coastal 

area. 

In this report the Poul Creek formation is redefined to in-

clude approximately 6,100 feet of marine interbedded siltstone and 

sandstone that lies with apparent conformity on the Kulthieth 

formation. As thur defined the formation includes in its upper 
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part most of the strata ord4nally assigned to it at the type 

locality on Foul Creek (stmti-Taphic sction no. 8, fi,7. 3, by 

Tuliaferro. It also includes the lower part of the Yakataa Beef 

section, which rnliaferro assigned entirely to the Yakataga formg 

tion but excludes the beds he described as Mlacio-fluvil con-

7.1omerates" ("conqlomeratic" sandy mudstone of this report), here 

assicned to the overlyin Yakataga formation. In the south-facirw 

cliff at the head of the Yakata7a Glacier (stratigraphic sec Lion 

no. 7, fir!. 3) the entire formation is exposed in a continuous, 

homoclinal section which shows with striking clarity the predomi-

nantly silty, reddish-brown-weatherin Poul Creek formation in con-

tact with the predominantly sandy beds of the Kulthieth formation 

below and the gray-weathering interbe,i,led sandstone siltstone 

strata of the l'akata -;a formation above. The lower part of the Poul 

Creek formation is extensively exposed in Jie western and northern 

acbinson Mountains, including the northwestern part of the map area 

of this report. The upper part of the formation is exposed alon;7 

the axes of the major anticlines in the southeastern 7obinson 

Mountains. 

Massive hard concrettonary siltstone and silty very fine grained 

sandstone showing little evidence of stratification or sortini:'. pre-

dominate in the Poul Creek formation. These rocks are ,--ray, greenish 

gray, or olive gray on fresh surfaces, but weather reddish brown. 

Fresh angular grains of quartz and feldspar, a:d fragments of fine-

grained rocks are the most abundant constitlients. 'fray impure lime-

10 



	

	

stone in the form of concretions lesn commonly, in tnin ths-

continuous beds commonly is as53ociatel with the siltstone and 3ilty 

sandstone. The smaller concretions range in shape from nearly spher-

ical masses to flat lenses. The larger concretions, from 2 to 5 fct 

in largest aimension, are lenti,zular and are most common in the upper 

part of the f'ormation. Over most of the area of 'Aitcrop a unit 200 

to 700 feet thick at or near the top of the Foul. :reek formation 

consist,3 of siltstone that is less sandy and les's resistant erck-

in than adjacent beds of the I'oul Creek and Yakataga formations. 

In the coastal area, especially between the 14Mte Hiver and the 

Beare llacier, this unit is marked by subseouent streams and by low 

saddles on the rid,,es between the major transverse streams. 

Fine-zrainect to medium-.Trained salidstione is common only in the 

basal part of the Foul Creek format ion throe ;h an interval ran,-in 

in thickness from 900 feet in the west, .obinson Monntains to!rn . 

about 2,500 feet in the southeastern Hobinson Mol:ntains. The domi-

nant types of sandstone in this interval are massive gray to oltve-

gray arkosic sandstone and thin-bedded 7ray m7loaceous sandstone like 

that in the upper part of the Kulthieth formation, massive td thin-

bedded t7-ef,nish-gray to olive-;-ray sandstone that weathers pale red 

or pink, and thin-bedded, finely banded and commonly ripc1.--marked 

gray sandstone that is rhythmically interbedded wi th dark siltstone. 

Sandstone beds in the middle and upper part of the formation ccrtmon-

ly are light gray or light brown, and are in part tuffaceous. Yost 

of the sandstone in the Poul Creek formation is poorly sorted, hard, 

11 



and has low -Jorosity and permeability. In the coastal area between 

Acme and Lawrence creeks, however, a few bE.An of light-colored sand-

stone in the interv:11 1,000 feet to 2,0(DO fuet below the top of the 

formation are moderately well sorted and locally are friable. Many 

oil seers in this area occur on or near outcrops of these sandstone 

beds. 

Other rock types restricted to and characteristic of the Foul 

flreek formation are massive beds of dark-=Teen to olive-black '1,au-

conitic sandstone, which occur in all but the upper 300 to 500 feet 

of the formation, and beds of darK-green water-Laid tuff and volcanic 

breccia, which occur in the basal part. At most localities the base 

of the Foul Creek formation is marked h: a 1- to 3-foot bed of 

dark-green sandstone consistin-; of fresh ammiar elastic fragments 

in a gleuconitic or tuffaceous matrx. Water-laii tuff and volcanic 

breccia are best developed in the area between 3oulder Creek and 

the Watson Glacier where, interbedded with limestone and teen 

tuffaceous siltstone and sandstone, they form several units ranging 

in thickness from a few inches to about 200 feet. 

Marine invertebrate fossils, chefly mollusks, have been collect-

ed throucliout the Foul Creek formation. rtalph Stewart, on the basis 

of his study of fossil collections believed to be representative of 

all but the basal nart, regards the fauna of the i-oul Creek form-

ation as of Upper Tertiary or Neogene age, probably lower Neogene, 

and possibly correlative with the faunas of the Ashiya "group" of 

Japan and the type Blakeley formation of Washington. According; to 

12 



P. E. Vokes the best-Treserved fossils from the basal part of the 

farm iticn, collected in the vicinity of Hania Lake in the western 

Robinson Mountains, are of middle Cligocene age and indicate a 

correlation with either the Lincoln formation of Washington or the 

Pittsburg ithiff formation of Oregon. Vokes correlates the fauna 

or the remainder of the Foul Creek formation with faunas of the 

upper part of the Lincoln formation, the Blakcley formation, and 

the Twin Rivers formation of WashinE7ton. L. G. hertlein, on the 

basis of his study of the Poul Creek fauna, including oome collect-

ions from the basal beds, neards it as correlative with the fauna 

or the Bla!-celey formation ani probably the upper part of the Lincoln 

formation. 

F. S. acNeill at the reouest of the writer, made a preliminary 

study of all the jeolooical Survey collections of mollusks from the 

Poul Creek and Yakataqa formations, including the collections previ-

ously identified by W. . Jell (Maddren, 1914, p. 127-130) and the 

collections identified V Vokes, Stewart, and Hertlein. `used on 

this study MacNeil has furnished the following tentative statement 

on the age of the Poul Creek and Yakataga molluscan faunas: 

"While the forms represented seem to correspond to the 

species of the standard west coast section in a general way, 

there are discrepancies in both the part of the section in 

which certain types (not necessarily identical species) are 

found, and in the sequence. It is to be expected, probably, 

that some species occupying narrow intervals in the section 

13 



	

	

	

	

to the south may be found elsewhere in hi _/her cr lower beds. 

One important &fference is the apparently coincident range 

of :..ichincy;horia rex and F.chino,E!-.oria anta, assuminiY, of course, 

that E. rex is even represented. rurr"-_ella which 

was identified by at leE,st so .3 of the other paleontolor,ists 

who exanined this material, is not uresent in the collections 

fro:q the very lowest part of the Foul Creek formation, the 

only part of the section containing some other species sup-

posed to be restricted to the T. Porterensis zone. 

"Makin?, allowances for e,oth such inconsistencies as are 

mentioned auove, and the ,eneral disajTeement amonc west 

coast raleontclo:asts re7ardirs, the location of the Cli,,,ocene-

Miocc:ne boundary, I would hazard an opinion on the a.:;e of the 

beds in the Yakataga district abort as follows: 

1. The foul Creek formation is late Cli ocene and early 

Miocore a.,!e. The lower 7art of it is certainly as old as 

late Cligocene and may be as old as middle Clipocene. 

2. The Yakatage formation is middle and late •liocene 

and possibly early Plioone in a,18." 

7.ific[Int elements of the Poul Creek and Yakataga molluscan 

faunas, as selected by MacNeil, are llsted in U..ble 1. 

Foraminifera have been found in some si.ltstone beds and i;la!1-

conitic sandstone beds of the Foul Creek fr.nation but ire not 

abundant, are poorly preserved, and are difficult to extract from 

the hard mritrix. W. W. identified the species listed belaw from 
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the 7,redominance of massive, unsorted or poorly sorted silty rock:3. 

Yak;ataga formation 

The marine sedimentary rocks of varied litholcwy lying confor7,-

ably on the Foul Creek formation in the costP1 area of the !- - ILnson 

Mountains were named the Yakatac:a formation by Tali of (1932, p. 

75(-762). He did not desi7nate a specific tyre locality, althoutl 

he stated that the formation is well exposed at la'oataga reef 

on both flanks of the "Yakatsp,a" Anticline (t.he :1111ivan anticline 

of this report. Taliaferro's concept of the Yakata3 form - tion 

as includirx, all the yourrer Tertiary marine strta above the Foul 

Creek formation is followed in this report, the position of 

the contact between the two formations and the criteria for placin,7 

this contact are redefined.. 

The Yakata:,,a formation includes a minimm of 1;: ,'Y) feet, pos-

sii)ly - ,000 et or more of sedimentary rocks, chiefly siltstone, 

sandstone, and an unsorted rcck containing much coarse ice-trans-

ported de'oris, nrovision.illy named "concJomer,,tic" sandy muds tone 

(Miller, 19t;3, p. 26). Irterbedled sandstone and siltstone pre-

dominate in the lower part of the formation throu,,,h an interval 

ranKinc* in thickness from about 5,500 feat in the western 

son Mountains to about 7,530 feet near Icy Fay in the southeastern 

Robinson Mountaive. "Con7lomeratic" sandy mudstono eouals or ex-

ceeds the proportion of sandstone and siltstone in the upper part 

of the formation, which includes the you nest eds of Tertiary 
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3:e ex posed in the Yakatara thstrict and in the Malaspina district 

to the east Crlafker and iller, 19:M. At most localities where 

ha.s been observed the contact between the Yakatara and Poul 

Creek forw!tions is gradational through a stratigraphc interval 

of 50 to 200 feet in which typical -Tray-weatherinr: siltstone and 

fine-r!rained sandstone cf the Yakatara formation is interbedded 

with typical reddish-brown weathering' silty rocks of the Poul Creek 

formation. At some localities a prominent sandstone is present at 

the base, but the thick sandstone which Laliaferro (1932, P. 757) 

cited as marking the base of the Yakatara formation in the vicinity 

of Twomile Creek and farther east is well down in the Pcul Creek 

formation as defined in this report. 

The Ykatara fomation urrierlies most of the southeastett part 

of the Robinson Mountains, southeast of the Miller Creek faLlt. It 

is exposed also in the. }uyot Hills, in a belt extending from Duktot.h 

Mountain west to the Bering Glacier, and in the upper part of Mount 

Leeper and the hit ride extending south to the Yakataga Glacier. 

Representative sections of a major part of the formation are afford-

ed by continuous exposures on the south face of. Kulthieth Mountain 

(straticTaphic section no. 3, fib,. 3) and the ridge exter:dinr north 

to the Hope Creek fault, and by continuous exposures in cliffs ex-

tendirw from the White River Glacier eastward alone the soutnern 

margin of the Guyot Glacier to the head of Icy Bay. The strikin:!, 

contrast in color between the weathered outcrops of the Yakataga 

and Foul Creek formations is best seen in exposures of the contact 
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in the vicinity of Pout Creek (stratiraphic section no. 9, fig. 3), 

in the east-facini7 scarp of Thlktoth Mountain (stratiraphic section 

no. L, fi'7. 3), and in the cliff at the head of the Yakataga 

lacier (stratigraphic section no. 7, fig. 3). contact is 

well exposed also in Yakataga Reef (stratgraphic section no. 6, 

fi. 3 -. 

Phe sandstone in the Yakata,-a formation. is predominantly of 

two types: (1) thin-bedded, partly banded very fine grained sart-

stone in units commonly rangin7 In thickness from a fracti'n of an 

inch to a few feet, and (2) slabby t,o massive fine- to coarse---raired 

sandstone in units ran-inF-, in thickness from a few feet to sever-J.1 

hundred feet. Roth types commonly are ld-ht cram, ,-reenish ray, 

or brown. :'uartz, feldspar, and fragments of igneous, metamorphic7 

and sedimentary rocks are the principal comtituer-Its. Most of the 

sandstone in the lower part of the formation is hard and poorly 

sorted. The degree of induration decreases upward in the formation, 

and some of the slabby to massive sandstone in the upper part is 

moderately well sorted. Conclomerate consisting of Enenerally 

rounded pebbles or cobbles in a matrix of sandstone or sandy mud-

stone forms massive rout commonly lenticular units ranging in thick-

ness from a few inches to as much as 25C feet. 

The siltstone is platy to massive, in part sli4iltly calcareous, 

and i3 medium tray to dark gray on both fresh and weathered surfaces. 

It forms some thick un!,ts, but more commonly occurs interbedded with 

sandstone in units ranging in thickness from a fraction of an -inch 
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to several feet. Dark-. ray impure limestone in thin, discontinucus 

beds and elongate lenses is associated with the siltstone. 

The rock called "conglomeratic" sandy mudstone in this report 

consists of gray to greenish.-gray or olive-7ray sandy mudstone con-

taining scattered rock and mineral framents ra.in4n, in size from 

granules to huge boulders. This rock, which forms massive beds ofp, 

relatively uniform thickness and large later;d extent, is a marine 

Unite (nller, 1953, p. 22-3`;,). The gravel fra,7ments and at least 

a part of the finer sediments were transported to the site of de-

position by floatim ice; glacial striae are preserved on many 

gravel fragments. The "conlomeratic" sandy mudstone resembles 

typical tillite cA7 terrestrial oriin in that it consists of fresh 

rock and mineral framenta of clay to boulder size deposited with 

little or no sortim7, but differs in that it contains fos3i1 re-

mains of marine invertebrates and is interbedded with normal r‘arine 

sedimentary rocks. 

Local folding during Yakataza time is recorded by minor uncon-

formities at two or more horizons within the Yakataga formation as 

exposed in the southern part of the Cluyot Hills (stricture section 

D-D', fig. 2). the intensity of foldin; increased eastward, fcr 

in the Karr Hills, about 3 miles east of the 3uyot Hills, -ently 

dippihr. Yakataga beds rest with marked angular contact on 

lower Yakataga beds that dip 300-900 (P1::ifker and 

No evidence of an unconformity was seen in exposures of the Yaka-

taga formation in the iobinson Mountains south and west of the 'tt_iyot 
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Hins, other than local discordance or trut'cation of beds, which 

is common in the upper cart of the formation and is attributed to 

submarine slu7Irin2 or erosion. 

The o,arine molluscan fauna of the Yakataga forma' ion, althouc:h 

moderately abundant and varied, inciodes few identifiable species 

that nermit even aonroxilnate correlation with faunas of the 'acific 

Coast standard section. Study of the collections made durinc- the 

recent field investigations has reJillted in considerable diveroity 

of opinion as to the ale of the Yakataga formation. It is regarded 

by Ralnh Stewart as of 'sipper Tertiary or Neo7one age, referrable to 

the 1:pper Neoene or possibly the lower part of the Upper Neoene; 

:iertlein as in part of :11ocene ao,e and in part of Plioceneby I, 

age; and by H. E. Vokes as prooakly in part or Miocene a,m and oos-

slbl! in part of latest 011i:ocene ate. MacNeil reards the Yakataa 

formation as middle and late Xiocene an.i oossibly early Pliocene 

Ln acre (pwel4). 

Althou.;h -any species ran *e through the upper part of the Foul 

Creek formation and lower part of the Yakataga formation, there is a 

marked chamre in the molluscan fauna aoprox4,nately at the contact be-

tween the formations. (3ee table 1.) The fauna of the Yakataga 

formation. taken as a whol,F, indicateo colder and shallower water 

than the fauna of the Poul Creek formation. Some common and dfav-

nostic Fienera of the Poul Creek formation, such as .2:cl'in(21oria, 

Ancistrolepis, Pser'aea (Miooleiona), ani Aturia ranqe up to or
•••1.... • .M04.0,..1b.... 

near the oontact but are not found in the Yakataa formation. 
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Other fora3, st)oh as lire pectinAds and sev r specir,!s 'f 

neptene ids, ap2ear at or near the base of the Yakata,,ra for-

mation. The incorrect conclusion of Clark (123?)7. 79) that the 

molluscan fauna of the two formations is identica l and represents 

a single zone was due in part to incorrect strr:phic assip:nment 

of some collections stiJdieJ by him, and in part to lack of repro-

sentative collect.tons from either the lower part of the Poul. Creek 

formation or tIle upper part of the Yakataga formation. 

Deposition of the sediments of the Yakata7a formation at least 

in nart at relatively shallow depth is indicated by thin-bedded and 

ripple-narked sandstone, by lenticular beds of conglomerate made 

nn of well-rounded nebhles anti cobbles, and by the presence of 

fossil shells of Lt, ).111'.111s and other 7mera now found liviw7 in 

shallow water. A climate sufficiently cold to result in active 

c'laciation of the adjacent land area is indloateA by the massive 

marine tillites, which first appear near the base and 1,akc up much 

of the upper part of the forlation. Lack of sorting of the massive 

"con;!lomer;4tic" sandy muds tone may indicate deposition below the 

lower limit of effectivewave or current .ction, or it lay indicate 

that wave or current action was prevented Ify land or loe 

barriers, or by floating she ice or bers. 

(..'u;.:Lerriry deposits 

The Tertiary bedrock senuence of the tobinson Mountains is 

overlain with marked angular unconformity by essentially horizontal 
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unconsolidated de:,osits formed in both marine and tAerrestr.il envirfm-

ments and attairing ,zreatest thickness and areal extant on the coa3tal 

plain. anion ; these deposits are: well-sorted sand and F7ravel 

formed on the !resent and former:.se-:ches; interstratified sand and 

mud containin,7 much organic debris, formed in trial la cons or bays; 

mud interstnAified with poorly tdo moderately well sorted sand and 

gravel, formed alonc7 the chlnnels of the lar€,,er streams, on fans at 

the mouths of the smaller streans, and on outwash plains at the mar-

tins of glarers; and till formed at the margins of p.laciors, in 

part in the sea. These (Liposits are not differentiated on the map. 

S7RUCTURE 

:nte:nary time the belt of 

older metamorphic and i=rneous rocks fonpirw the Chugach-St. :alias 

Mountain chain was uplifted and thrlst soutward along the Chu7ach-3t. 

Elias fault and other faults of an arcuate, northward-dipning system, 

and ;.he borderin7 belt of younger sediment try rocks in the gulf of 

Alaska Tertiary province was folded, faulted, and uplifted. (See 

index maps A, B, 1.) In the Robinson Mountains the Tertiary 

rocks are moderately to intensely compressed in eastwari-trendin.,7 

folds and are dislaced alorry northward-dippin.7 thrust faults that 

a"e subparaliel to the Chu7ach-St. fault but of smaller ma:1i-

tide. The princical fault;; of this system that have been reco7lized 

in the 'Aobinson Mountains are the Kosakuts, Hope Greek, and Miller 

Creek faults. 

In latest Tertiary time or in 1
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The Miller Creek fault divides the map area of this report in-

to two bA.ts of contrasting structure and strtigraphy, best illus-

trated by the structure section (fig. 2). The telt lyin7 south-

east of this fault is characterized by narrow, tightly compresse,1 

asymletrical anticlines alternating with broad synclines. fhe rocks 

exposed belotv; chiefly to the Yakataz,a formation; only the u,Ter 

Dart of the Poul Creek formation is exposed in narrow bands aloe 

the axial parts of the major anticlines. The belt lyin7 northwest 

of the Miller Creek fault is characterized b;,,- smaller, less ti.,ttly 

compressed but more closely spiced anticlines and synclines of 

nearly equal amplitude. In this belt .the exposed rocks belon 

chiefly to the Poul Creek formation, and the upper part of the 

Kulthieth formation is exposed in narrow b:inds just northwest of 

the Miller Creek fault. 

The major folds and faults in the map area are shown on figure 

1 and figure 2, and are described below. 

The Leeper syncline, a southwestward-plunginR asynnetricol 

fold, is exposed for a distance of 7 miles in the northwestern 

corner of the map area. It is inferred to extend at least 8 miles 

farther northeastward up the valley of the Leeper glacier and to 

he continuous with the prominent syncline exposed in the west face 

of Mount Leeper, north of the mapped are-i. Beds of the Yakataga 

formation on the north flank of this syncline form the upper part 

of Mount Leeper (altitude about 9,T)00 feet), the hi;chest peak in 

the ()tar of Alaska Tertiary province. 
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The Dahlgren anticlincrium is a complex major upwarp which 

forms Leeper Ridge, tying between the predominantly synclinal 

valleys of the Leeper Glacier on the north and the Yakataga Glacier 

and Yakatap.a River on the south. As shown in the structure sections 

A-A' and B-3' (f.4 9 beds of the Feu Creek formation in this 

rid 7e- are warped in a broad arch and are further compressed into 

many sub3idiary as-jmnetrical folds of small amplitude in proportion 

to their length. the axial planes of the subsiddary folds lip north-

ward, in keeping with the regional structural pattern. The approxi-

mate location of the axis of the Leeper anticlinorium is shown on 

index map B (fig. 1). The axis trends at a small angle across the 

axes of the subsidiary folds, plunges southwestward, and is cut off 

by the Miller Creek fault near the head of Miller Creek. Many 

northward-dipping high-an;71e strike thrust faults are present on 

the crest and south flank of the anticlinorium. Only the largest 

of these faults are shown on the ma:, 

The Miller Creek fault, on the southeast flank of the Leeper 

anticlinorium, has been traced in outcrop for a distance of 8 miles 

between Doulder Creek and the Yakata,c,a ilacier. Discordant struc-

ture and striti„!.r%phy in the borderinLT valley walls indicate that 

the fault continues northeastward beneath the Yakata,a Uacier to 

and beyond the northern boundary of the map area. The fault is 

best exposed at the head of Miller Creek, where the upper part of 

the ulthieth formLtion in the han-ing wall is in contact with the 

lower part of the Yakataa formation along; a fault plane dipping 
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about 70 N. At, this locality the fault has a stratim.lehtc dis-

nl.leement of about ?, 140 feet and an indicated net slip of about 

9,000 feet. Poulder Creek the trace o the Creek fault 

swings southwestward, and the regional strike of the beds in the 

hana,n4 wall block likewise ch:tni7es from nearly west to southwest. 

The Yana syncline is a nlrtheastward-!gun;zin, broad Coll ex-

posed in the vicinity of the Yana )l icier. The northern flank, 

which has an average trend of about %. 20° is complicated by 

minor warpinP. and be. faulting in the vicinity of the Yara :glacier 

and farther north. The Ya7a syncline extends westward beneath the 

lower part of the Yakatae:a -Ilacier, and may be continuous with a 

syncline rnanped in the Yakata.?a, formltion in the vicinity of 

Porcupine Creek. it is inferred to continue northeastward beneath 

the -tuyot Tlacier at least as far as the line of structure section 

(fie. I). 

The Yekata!7,a anticline is striki.n •1y exposed for a distance of 

11 miles in Yakataea itid-T. Nearly vertical beds of the Yakataga 

formation on the south limb of the foil Corm the crest of the ride. 

Opposing dips in several nunataks show that the Yakataa anticline 

extend3 eastward under the ..frayot glacier and is continuous with the 

anticline exposed in the southern part of the quyot Hills and in the 

Karr Hills, east of the mapped area. In Yakataga Ridge the anticline 

is tip tly compressed and the more gently-dipping north flank is dis-

placed upward along a fault which, at the surface, is nearly verfdcll 

and lies in or just south of the axial plane. The net displacement 
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along this fault may be as much as 41 1',.r1 feet at the west end of 

Y,katait but decreases .7radually to the east end of the rid; e 

where the fault aparently dies out. In the Guyot Hills the Yakataga 

anticlini, is less tihtly compressed, and the north flank is comnli-

cated by subsidiary folds. here, a:)d in the Karr Hills, an7ular un-

conformities on the crest and flanks, as well as thickenirw of beds 

away from the flanks, show that uplift of this fold was initiated 

durirw the time of deposition of the Yakata„;a formation. 

An anticline exposed near the mouth of Porcupine Creek is 

similar in profile to the Yakataa anticline and may represent its 

extension west of the foot of the Yr,katag..a Artier. If this corre-

lation is made it is necessary to infer that the Yakataga anticline 

is offset ty a fault trendin northward through the low saddle east 

of Porcupine Creek, as shown on figure 1. 

The White River syncline, which is the major downwarp in the 

southeastern Robinson Xyuntains, has been traced for a distance of 

35 miles, from the Yakata7a River valley on the west to the southern 

part of the Karr hills on the east. The r:yncline is well exposed in 

the vicinity of the White River Glacier. its width, me,Jsured between 

the crests of the adjacent anticlines, ranges from 5 miles near the 

foot of the Yakataga Glacier to more than 16 miles near icy Bay. 

From a point approximately on the line of structure section C-C' the 

axis of the .Thit,e giver syncline plunges westward at an anle of 3°, 

east of this point the axis plun.es eastward at approximately the 

sane angle. 
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A supposed anticlinal stmcture in the coastal area between Cape 

Yakatar.,a and Icy Flay has been the focus of interest in the oil pos-

sibilities of the Yakataa district from the time of the earliest 

leasing activity, because it is the site of nearly all the known oil 

seeps in the Yakataa district and beca-usc it is the ricst readily 

ac'-essible part cf the district. Most :reolorists who have stAied 

the coastal area have reconized a major anticlinal structufe cor:-

plicated by a longitudinal fault, t,Lt their ntercret- tiens have 

differed considerably in such details as the location of the axis of 

the fold, the significance of the discordantly trendir.7 strata ex-

posed in Yakataga 3eef, and corr ,lation of :reds in lie north and. 

south flanks of the fc1.-i. 

The structure in the coastal area between Acme Cl-eek on the 

west. and Munday Creek on the east is here interpreted as a lar;e 

asymmetrical anticline with a nearly vertical or slihtly over-

turned south flank, the Sullivan anticline. The north flank of 

this anticline is displaced upward 14-,00 to 4,,X)0 feet alonci, the 

Sullivan fault which, at, the surfee, di. 's steeply t.c the north and 

lies in or nearly in the ax .al plane of the fold. The axis of the 

antielire is not shown on the large-scale map (fiJ. 1) because it 

either coincides with the trace of the Sullivan fal.lt or is con-

cealed by the fault. The Sullivan anticline and Sullivan fault in 

this area are remarkably similar to the smaller Y2.kiLtags anticline 

and associated fult as exposed in Yakata7a 

Although no exposures of the Sullivan fault have been fou- GICAL 

CD. 
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be4ween T-p.-)mlle Creek -ind Johnston Creek, its tr,Ice at the surfnee 

can be mapped within narrow limits by its topoi.raphic cxpretsion 

and on str'.1ticranhic evidence. The: zone of fr-ctured and easily 

eroded rocks of the Foul Creek formation adjacent to the tault in 

this area is marked by the development of subsequent stream va1.3rTs 

and by low saddles on the rid ges between the major transverse streams, 

The fault plane c.: as about 60° N. 1,etween Cil Creek and Familion 

Creek, and about 80° between Lawrence Creek and Poul Creek, based 

on approximate locations of the trace of r.he f?.u't.. The -rF:dual 

chance in strike of beds on the north flank of the :31livr.r, anticline 

near the west end of rower from about .lye east at the he'iJ 

of Acme Creek to about N. 150 in rikataga Reef, is believed to 

be related to a similar change in strii4-, also a decrease in dip of 

the Sullivan fault west of Acme Creek. This interpretation is sup-

.:'orted by outcrop data for a distance of 1 mile west of Acme Creek, 

and by the possibly analoi-ous situation alon-,, the MiDer Creek fault 

at the mouth of Bouick:r Creek. 

A marked chancT occurs in the structural pattern of the rocks 

exrosed along the trend of the Sullivan anticline and fault east 

Munday Creek. 'iatween Johnston Creek and nInday Creek the strike 

of the Sullivan fault and also of beds on the south, flank of the 

Sullivan anticline swini7s abruptly southward. At least four aLti-

clines are exposed between the Beare ;lacier and Munday Creek, but 

all apparently are miner folds. The Sullivan anticline is inferred 

to continue east of Munday Creek (index map fi 1), but. L.1., a 
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complex of er echelon 'ninor folds an nortiod-r-dipoino thrust 

faults rather than a simple anticline. F.ast of Jan ton Greek the 

south floiok of the inferred major fold is concealed in part un-

connolidaed deposits of The coastal pliin, and in part by pre-

dominantly nortJ.-6ippino Cede overthrust from the north flank. 

This interpretation, which is illusl rated a7raohically in structure 

section c-;' ) is admittedly speculative, but it, is believ-

ed to be content with the outcrop data and with the reTionl 

strictural ratter'. Revision of this interpretation may be requir-

ed when the results of cl)rrent drillin in this area are known. 

PETROLE',"M PGSSI9ILITIES 

Some of the oil seeps in the coastal area of the iobinson 

Mountains are reoorted to have been discovered in 1896 by prospec-

tors lookin7 for gold. 1397 a continuous tract extending 20 

miles alorr the coast was lccated and surveyed for oil exploration 

(Martin, 1921, r. 39-40). Durinc the years 1926-1927 the ;eneral 

l'etrolum Corooration of Californi drilled the first test, well in 

the Robinson Mountains, near a larPg oil seep on Johnston Creek. 

TYis well was abandoned at a depth of 21 ; feet as a dry hoe with 

shows of gas and oil. Interest in the petroleum possibilities was 

agztin revived briefly during the late thirties, when new applications 

for oil and as leases and prospectim7 permits were filed, and 

v.eolooic manning War. undertaken ,jointly by the Standard Company 

of Ctiliforno, and 7ide Wat ar As:,ociated Cil Company, and the 

r.on Ci1 n• :1- rcof.o. 
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In 1953 the Phillies l'etroleum Company and Kerree'lee CA1 

Tne,ustries, Inc. t epan exploration of a lease tract covering more 

than a million acres in the Yae.ataga arxi atalla districts of the 

Gulf of Alaska Tertiary province, under a development centrect with 

the Department of the Interior. i.xploretion was be in in the coaFt-

al area of the itoeinson sAountains in July 193, when equipment and 

supr lies were landed on the northwest shore of Icy Bay. The first 

well, the Sullivan Strat No. 1, drilled in April and May 1.-)!-:14 near 

the head of Die River, was completed as a dry hcle at a depth of 

feet. The Sullivan No. 1, started near the head of the west 

fork of the Little River in June 19E,4, was reperte..i to be drilling 

below a depth of 7,340 feet at the end of the year. 

The many seeps of high-c4.ravity oil in the coastal area of the 

Robinson :ountains, which first attracted attention to the petroleum 

possibilities of the area, undoubtedly have been the most important 

factor in keepin~ alive this interest. All of the known oil and gas 

seeps are in the southeastern part of the Robinson Mountains and are 

shown on the 1ar,5;e-eciie :nap (CI -. 1). All of the known large 

seeps and all but one of the known active oil seeps are near the 

eoast and lie in a narrow belt extendin along the axis of the 

Sullivn anticline from Johnston Creek to a pont near the west 

end of Tirower Ridee. .0he oil step occurs on the north side of the 

Yakatae,a 'iver valley near the mouth of Porcupine Creek. 

Indications of petroleum other than active oAl seeps were 

found elsewhere in the Robinson. Xountains. :reds of sandstone or 
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	coarse siltstone having' a petro7iferolis odor, some a 

small amount of oil when treated with carbon tetrachloride, were 

found in outcrors of the Yakataga formation near the mouth of the 

Kulthieth River in the western 'iotinson :-Iountains, at. several 

localities between Boulder Creek and Miller Creek, on the north 

side of Brower Ridge, and or. Crystil Creek about 1 mile southeast 

of the Reare Glacier. At one locality on the north branch of the 

White River, near the axis of the White River syncline, oil is en-

trapped in calcite veinlets that fill fractures in sandstone of the 

Yakatai,a. for719.tion. 

About. 75 percent of the known oil seers and all of the lan:e 

gas seeps in the Robinson Mountains are located on ou!..crops of the 

Foul Creek formation. The remainim7 known oil seeps and other in-

cications of petrcleug. are associated with the YaKataga formation, 

mostly with the lower part of the formation. Other than a few small 

gas seeps noted near exposures of coal bedr, no 'ndications of pe-

troleum are known to occur in outcrops of the Kulthieth formation 

in the Hobins on Mountains:. in the Samovar Hills area of the Malaspina 

district, however, large oil seeps occur in outcrops •of coal-bearing 

strata correlated with the Kulthieth formation (lafker and Miller, 

p. 13i . 
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