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MINERAL RESOURCES OF ALASKA 

GEOLOGY AND COAL RESOURCES OF THE HOMER 
DISTRICT, KENAI COAL FIELD, ALASKA 

ABSTRACT 

The Homer district of the Kenai coal field is about 100 miles southwest of 
Anchorage, in south-central Alaska. I t  covers an area of about 1,100 square 
miles on the west side of the Kenai Peninsula, between Tustumena Lake and 
Kachemak Bay. The principal settlement is Homer, a t  the southern end of 
the district, which is connected by the gravel-surfaced Sterling Highway with 
the Alaska highway system and The Alaska Railroad, and is also served by 
ocean transportation and one airline. 

About 5,000 feet of nonmarine sedimentary rocks of early Tertiary age is 
exposed in the district, which is the type area of the coal-bearing Kenai forma- 
tion. The total thickness of the formation, as well as  its relation to older rocks, 
is unknown, as neither the top nor the base has been found. The bedrock 
is mostly concealed, except in beach bluffs and along the larger streams, by 
glacial and alluvial deposits of Quaternary age. 

The structure of the district is relatively simple, being characterized by a 
bxmd structural basin or trough locally modilied by gentle folds and by high- 
angle faults with displacements ranging from a few inches to nearly 80 feet. 

The coal of the Homer district ranges in rank from lignite to subbituminous 
B, but the greater part is subbituminous C. Coal beds are present throughout 
the known thickness of the Kenai formation but are thickest and most abundant 
in the lower part a t  the south end of the district, where a t  least 30 beds rang- 
ing from 3 to 7 feet in thickness, as well as  many thinner beds, were measured. 
Although mining has been attempted from time to time since 1888, very little 
coal has been produced commercially to date. 

Indicated reserves, largely within half a mile of the shores of Cook Inlet 
and Kachemak Bay and in beds containing 2 feet or more of coal, were esti- 
mated a t  about 400 million tons. Much larger reserves are undoubtedly 
present farther inland, but surface data are insufEcient for reliable estimates. 

INTRODUCTION 

PURPOSE AND SCOPE OF REPORT 

The investigations on which this report is based were made by the 
United States Geologjcal Survey as part of a program to appraise 
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the -1 m u m  of Alash, dehrmine their geologic fmtum, and 
mist in the dwsification of public lands, As the only bedrock expcxsed 
in the Homer dishict is the coal-baaring Kmai formation of Tertiary 
agg the main objective of the stndy wibs the collection of data from 
which to debmine coal r e s~pva  and localities favorable for coal 
mining, as well as the broader aspacts of the geology, particularly 
the nature and structural relations of the rodm that underlie the 
IZBnai formation, 

The Kemi coal field, of which the Homer district is a pa* is d+ 
hmd as the d - b e a r i n g  part of the Kenai lowland, which lies cin 
the we& side of the Kenai Peninsula bietwem the Kanai Mountains 
and Cook Inlet and extends from Turnagain Arm soutl~mrd to 
Kachemak Bay (fig. 43). Although &bearing mks crop out only 
in the southern part of this area, the entire lowland is probably 
underlain by the Kenai formation, as suggested by the presence of 
similar coal-baring rocks near Anchorage and on the opposite shore 
of Cook Inlet near Tyonek The Kenai coal field is therefore con- 
s i d e d  to be coextensive with the Kmai lowland, but for Gonven- 
isnce in description it has been divided into two pa* separatad by 
Tustumena Lake and the KasiloP River. The nodhem part is dm- 
ignatd the &nai district and the southern part, the Homer district; 
the names are taken from the principal wttlemenk in each p ~ t .  
The Homer districb which is the subject of this report, indudas an 
area of about 1,100 square milas bounded on tbe north by Tustu- 
mena Lake and the RasiTof River, on the east by the Kemi Moun- 
tains and the valley of the Fox River, on the south by Rwhemak 
Bay, and on the west by Cook Inlet (k. 43). 

This report is bawd on fieldwork during the summers of 1947 to 
1951 and pad of the summer of 1954, p d e d  by a brief mmn- 
naimmce in 1946 (Barnas, 1951, p. 203-208). F. F. Barnes was 
h s t e d  in the field in 1947 by R. C.  Wager, geologist, and L. A. 
Hale, field assistant; and in 1948 by E. H. Cobb, geologisb and 
F. J. Mmkewicz and D. E. Hibbard, field assistants. In 1949 Barnes 
was ra9sisk.d by D. M. Ford, gmIogist, and Cobb was assisted by 
D. M. Rill, geologist, and F. J. Markewicz, field assistant. In 1950 
and 1951. Cobb was a~isted by Markewicz, under the general super- 
vision of Barnes. Tn 1954 Barnea and Daniel Sokol were aasistd 
by k E. Burford and W. S. Ropkins, geologists, and J. W. Dm- 
son, bulldozer operator-machmic. 



B*Iaonm 18.-Inda of awth-cenCrml dlaaka, mhowlnr areaa mvemd by detall6-d w10gh 
maps (pIa. 17 and 18) of the Homer dietrlck Konal con1 flcld, AInska. 

The fildwork consistad mostly of measuring and correlating de- 
tailed stratigraphic sections of the beach bluffs along ths ~hores of 
Cook Inlet and Kachemak Bay. These sections,  IS well as several 
mtione meamred along the face of the prominent escarpment north 
of Homer (pl. 181, herein called the Romer esxrpment, were tid 
to the land-mmey net by planetable methodg at a scale of 1 :12,000. 
Farther inland the locations of measured sections and iaolatd out- 
crops were plotted on aerial photographs %* * . I  ,. qtb about 1 :12,- 
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500 and 1 M,000. Data from the &Id maps and mxial photugmphs 
were snbsequently plotted on topographic qnhdmng1~ m a p  at a smle 
of 1:63,3%0, aU of which h m e  available after completion of the 
field work. The quadrangle maps were then wed EH bass for the 
preparation of the accompanying geologic maps of the Homer t& 

trict (pls. 17 and 18). 
Surface mapping was supplemented in a small area on lower Deep 

Creek in August 1954 by subsurface exploration with a bulldozer 
snd power-auger unit to test for pohntial stripping -1. 

The writers wish t.a achowledga the assistanm received during the 
cwrse of the investigation from many residents of the H o m ~ r  area. 
Them include the late Evan Jones, f o m r  superintendent of tha 
Homer Coal Gorp., who provided access to the mine workings and 
information on mining activities ; Bert Hansoa, William Lamnae, 
Ralph Ga&nq and Thomas Shelford, all of Homer, who assisted 
in reaching isolated coal exposures. J .  W. Scott, forester, U.S. Bu- 
m u  of Land Management, made availabla the benefits of his knowl- 
edge of the Kenai Peninsula. I16 also accompanied the junior author 
on several trips to isolated parts of the area D. B. Krinsley, geologist 
of the U.S. Geological Survey, furnished information on remote pwrta 
of the Homer district that wem not visited by the writem 

About 400 -are miles of the Homer district has been suMivided 
into tomships ~ n d  sections. The sumeyed land cunsists of a few 
mp1ete townships in the southwestern part of the district and sev- 
em1 W i o n a l  or partly surveyed townships wvering a narrow belt 
along the & between Eastland Creek on Rachemak Bag and the 
month of the KasiIof River. T. 5 S,, Rs. 13 and 14 W. and the frac- 
tional tawnships along the coast were surveyad between 1917 and 
1920. T. 4 S., Rs. 13 and 14 W.; T. 5 S., R. 12 W.; and the southern 
third of T. 4 S., R. 12 W. were surveyed in 1940. In the present 
investigation field mapping was tied to section corners or other 
points on the land-survey net wherever pmctimble. 

PEmQIJ8 WORK 

Among the earxieat geologic invastigations of the Homer district 
was that made in 1880 by Dall (Dall and Harris, 1892, p. 227-228), 
who desrribed am1 M s  on the northwe shore of Eachemgk Bay 
and SM far north as Cape Ninifchik (pl. 17). DalI revisited the d ie  
trict in 1895, at which time he examined md sampled coal beds at 
merd prqmta and developments on Kachenmk Bay f Dall, 1806, 
p. 788-7973. About 1900 E m p p  (1903, p. 53W59) m d e  a detailed 
emmination of coal deposits of the Homer district+ In 1904 a party 



headed by Q, C. Martin spent a h t  a month studying the 4- 
b r i n g  pocks of Kach~mak Bay (Stone, 1906, p. 6%73), and in 
1906 Atwmd (1909, p. 121-125) spent a short b e  in the game gen- 
eral a m  In 1911 G. C. Martin revisit& the Homer district ~ n d  
later pmpamd a report hmrporating the results of all prav'ious 
investigations {Martin, 1915, p. 67-97,104-110). 

Although the part of the Keuai Peninsula wast of the Kwmi Moan- 
tains is referred to as the Rsnai fowlend, much of the m e  south- 
we& of Tustumena Lake ia a broad, rolling upland, occupying rough- 
ly the southeatstern half of the Homer district. The upland d+ 
cmaw in altitud~ muthwwtw~rd from more thm 2,000 feet in the 
C a r i h  Hills to less than 1,000 feet at Blu& Pohtj where it is imm- 
cated by the north shore of h b e m a k  Bay. % the southeast the 
upland drops off rather nbmptly to the Fox River and Kachemak 
Bay; ta the northwest the d-nt to the coast of Cook Inlet is 
much more gmdual. 
The western part of the Homer district, in a belt 8 to 10 d m  

wide &riding from Kachemak Bay northward to the Kasilof River, 
is relatively flat and p r 1 y  dmined (pla 17 and 181, and is cham- 
h i z e d  by extensive boggy smales in shdlow basins and abandoned 
glacial drainage channels traversed by winding sluggish ststream 
Amrding tr, TiarIstmm (1955, p. 138), the topography of &a Remi 
lowland, of which this belt is typical, "exhibits a wido range of gIa- 
cia1 and associated flnvioglacial f o r m  such as moraines, outwash 
aprons and plaine, kames, and eskers." 

The m s t  significant topographic featurn of the district in inhtion 
to the present study ars the prominent wave-cut Muffs that extend 
ahoat contin~~ously along the shares of Cmk Inlet and Kachemak 
Bay, for in these bluffs are found the most extensive expmum of the 
mal-bring Kenai formation. Afong the shore of Cook Inlet north 
of Anchor Point the bluffs range in height from 50 to 3300 fset. 
Sonthenstward from Anchor Point they increase gradually in height 
to a maximum of 800 feet at Bluff Point, east of which they decraase 
to less than 200 fast near the mine of the Homer Cod Cop., about 
3 mile wwt of Homer, and disrappr entirely at the btw of Homer 
Spit. Northeast of the spit, wave-cut bluffs along tho northwest 
&om of Raehemak Bay are 1- than 50 fmt high as far as Fritz 
Cmk,  beyond which they again rim graduaUy to a d m n m  of 
600 feet near the hmd of the bay. 

4BBP61-4+2 
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h d  in i m p o r k n ~ ~  only to the wave-cut bln%s M msorz~c~s of 
bedrock infomation am the many short but mg& canyons that 
indent the Homer wmrpmsnt or cut the northwest mall of the valley 
of the Fox River (pl. 18). 

X ) W A B E  

The principal dreams of the district are the Anchor River and 
h p  Cmk* which carry the drainage of tha greater part of the 
Caribou Hills-Bluff Point upland westward to  Cook Inlet. The 
northern part of the district, including the northead front of the 
Caribou Wills, is drained by Nikolai and Crooked Creeks, which flow 
northwestward to Tustumena Lake and the Rnsilof River. The 
Ninilchik River heads in the lowlmd south of Iower Crooked Creek 
and flow8 southwestward parallel to the coast for 15 miles h fom 
turning abruptly westward to Cook Inlet. F~rther south the lowland 
belt is drained by Deep and Sbriski Cmks and the lower Anchor 
River. The eastern and muthem parts of the district drain into 
the Fox River and Kachemak Ray through many smaller creeks and 
canyons, including Fox Creek, which heads in C a r i h  Lake, Fritz 
C+ and Diamond Creek. Many  stream^ of the district, notably 
Nikdai and Crooked Creeks and tha Ninilchik River, flow through 
valleys that am much too Iarge for the present streana (pl. 17). 
They were obvioualy caraed by much larger streams, fed by ice 
tongues that formerly extended into the district from the Kenrri 
&f~~FIttbin~ to the east. 

CLmm 

The Romer district, being somewhat mparakl from the open 
man,  has s climate that jis intermediate between that of t h ~  coast 
and that of the inbrior of Alaska. According to  m r d s  of the 
U.S. Weather Bureau (19551, the mean annual temperature is 
.3P.8" F at Kasilof and 37.3" at Homer, and the mean, annual pmipi- 
tation is about I8 inches at Kasilof and 25 inches al; Homer. The 
we- months are July through September at Kasilof and August 
through October at Romer. In 1554 the length of the growing sea- 
son was 104 days at KasiIof and 169 days at Homer. No m r d a  are 
available for the upland areas northeast of Homer. AGcording to 
l d  residents, the growing wamn on the 1,000-foot upland north 
of the Romer ssca-rnent is gerremlly at least 2 weeks shorter than 
on thelower bench on which the town is situated. 

The vegetation of the Kenai lowland consists of intermixed forest, 
muskeg3 grassland, and sabalpino shrub tundra (Karlstrom, 1955, 
p. 138). The forests include stands of white and S i b  spruce and 
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mixed stands of spruce, birch, aspen, and b a l m  poplar. The mixed, 
forests of spmca and birch and of sprnce and aspen are limited to 
t,he better drained areas where seasona3Iy h e n  ground thaws A- 
tively early. Pure a n &  of stuntad white or black spruce grow in 
areas of more restricted drainage and lingering m n a I  frost. 

Muskeg vegetation, including r n o q  passes, mdges, heath &rubs, 
and scattered black spruce, is found in broad, shallow drainage basim 
and abandoned glacial channels, where mbsurface drainage is pwr 
and frost persists at a sliallow depth during most of the summer, 
Gnrsslaed vegetation, in which bluejoint and other gra- wild 
celery ( H m b u m  lamtm), and fireweed predominata, p w s  chiefly 
on slopes and broad upland mmrnits, and also in the better drained 
abandoned glacial dminage channela. Intermixed with the forest 
and grmland types of vegetation are a variety of shrubs, inc1udinp 
high-bush cranberry, wild rose, devilsclub, and the larger red elder- 
berry and alder, which generally form dense thickets. 

Much of the land in t h ~  general vicinity of Homer and along the 
Sterling Highway has been taken up by horneskadem engaged in 
varying degrees in fanning, dairying, and stock and poultry mising. 
The principal crops, most of which am oomrned Iocally, are hay, 
potatom, mot crops, and berries. Many homestders supplement 
their income in other ocrmpationq particularly oornmercinl fishing, 
which is the principal industry of the Homer districL 

The principal settlements of the district are: Homer, Anchor Point, 
md Ninilchik, in addition to which several smaller communiti~ are 
scattered along the mast north of Anchor Point. Homer is by far 
the largest settlarnent. It contains aeveraI stores, gar*, restaurants, 
and other business establishments and is the main supply center of 
the districL 

TBWPLSPDBTATION FACILITIES 

The Homer district is connected with the Masktan highway sy&m 
by the Sterling Highway, a gravel-~uxfaced road that extends from 
Homer along the coast to and beyond the northern boundary of the 
district nnd then eastward to connecb with the Anchorage-Sward 
highway and The Alaska Railroad. Branch rods  connect the Ster- 
ling Highway with Gohoe and RasiJof, near the mouth of the Kasilof 
River, and with Kenai, seveml miles north of the district. A large 
ares north and east of Homer is made a c d b l e  by a network of 
secondary roads. A 41,-mile road connects Aomex with the dock amd 
other f militia st the tip of Homer Spit. 

Water transportation is provided by mean-going h i g h  and 
tankers, ns well aa by smaller bo8t.s that ply b k  Inlet. An airline 



&dm d d y  service Betwean Homer and Anchorage and l s e ~ l  fre- 
qaent &ce to 0th points in Madm The 5,000-foot gravel-aur- 
f w d  Homer airfidd, msjntsined by the C i d  Aeranautim Adminb 
tration, will m n u n d a t a  alI but the l a r p t  aircraft. S d e r  land- 
ing strip f fo light planes sre maintained at Anchor Point, Winilc- 
and Kasilof. Excel lent floatplane landing ran4 anchorage facilities 
are provided by a 2-mile-long artificial lake near the Homer airport. 

The ody known bedrmk within the Homer dhtrict is the Eemi 
formation of Tertiarg age, which probably nnderlia the Kenai low- 
land benath an almost continuow cover of glacial and alluvial de- 
posits. nearest expmd older rocks ars those of the Kenai Mom- 
kina to the east, which induds slab, graywacke, chert, s l l ip idd  
lava, and grwwtone that are probably at least in parb of Cmhmus 
age (Cappa, 1 Q40T p. 54-55). 

The Icemi formation, whom type lacdity is in the Homer district, 
is consided to tm of fresh-water origin and ta belong to the upper 
part of the Emme mriw (Smith, 1939, p. 61). Although the forma- 
tion probably was deposited very close to ma level, no stratigraphic or 
fm3i1 evidenca h a  bean found to indicate that any of the beds were 
formed under mttrine mnditions; instead, the nature of the beds and 
the presence of plant fo~k~ila indicate that they mere formed on land. 

UHAlu- A m r D m n ~ P I  

The l k a i  formation oonsista of moderataly indurated sand, gilt, 
snd clay in generdly thin and intergrading be& and lenses, inter- 
bedded with a few thin lmwa of fine conglomerate and many bede 
of ~ubbituminms and lignitic coal ranging from a few inch= to 7 
feet in thickness. Thin layem of volcanic ash were found aa parting$ 
in several wal beds near the h e d  of Kltchemak Bsy (pb. 26 and W). 
Ferrnginous massea in thick sandstone beds, a d  ironstone concretions, 
in &stinct hnds and as mattered nddes, am common throughout 
the formation except to the north of Ninilchik? where they are rela- 
tively s m .  The mistant masm of sandstone are particularly 
noticeable on m e  mtions of beach where they have m u r n u l a ~  as 
hgular-shaped boulders as the wave-cut  bluff^ d e d .  

Stratigraphic sections measured in diff e m t  parts of the Homer 
district (pl. 19) am strikingly similar, with a few excaptiom In 
the extmme northwestern part of the di'strict the beds are ch~mwter- 
i z d  by a dec- in the degree of induration and in the quality and 
m k  of the coal, and by a marked increase in the proportion of ssnd- 



idam The r& o o d  of poorly indurated dt d * , a d  the 
mil h dull brown zsnd lignitic, in con- to the black shiny cod 
gmem11y found in other parts of the d i s t d  Another psssibly 
significant change in the character of the Kemi formatian was 
noted dong the esstern border of the district, where the mlor of the 
strata exposed in the -yon of Fox Craek changes abruptly from 
typicd light buiT in the lower part of the myon walls ta light bluish 
gray in the upper part. The change appamntly occurs at a bedding 
plme. Although the contact between bufF and bluish gray bgds was 
not found in the west Side of the valley of the Fox River, it is h o w n  
to lie muth of loct~liiy 177 (pl. 181, as all beds exposed from that 
locality northward ars bluish gray. 

Probably the most important change noted in the m w d  wc- 
tions of the Kmai fornation is tt decrease northward in the nnmber 
and thi&m of coal hds .  This c h a w  was ngkd dong both mar- 
gins of the district, as flustrated by wtions north of Clam Gulch a3ld 
at locality 177 (pL 191, and especially by the almost total absence 
of ma1 ixl the extensive expasums north of both secbions. 

Tke tohl thickness of the. Kenai formation is not h o w n ,  as neither 
the top nor the barn has been recognized, but it probably ex& 
4,200 f eett This figura is the aggregate thicknes of sections measured 
dong the northwest shore of Kadhemak Bay, which were cudated 
by mems of traceable beds or by projection dong probable hdding 
planss where identifiable he& could not be traced Mween sections. 
The .stratijpphically loweat beds included me expod-along &a 
b e d  muth of Anchor Point and the highest, at the Read of Swift 
Gmk (PI. 18). None of the sections measured nofienst of Swift 
Creek could be defmihly correlated with th0 Kachemak Bay sections 
or with mch other becaw of discontinuity of outcrops and lack of 
recognizable b y  M s ,  and also because the variable dip of the bds 
made projection of bedding planes for more than short distances 
highly untrustworthy. However, a general northwest dip indicates 
that mvertt1 hundred fwt of bluish-gray beds e x p o d  in upper Rox 

.Creek csnyon md in the bluffs northeast of locality 177 overlie thm 
at the head of Swift Ch&, thus raising the probrtble thicknea of the 
Kenai formation to 5,000 feet or mom. 

About 2,000 feet of strata are e x p o d  dong the beach betwem 
Ninilchik and Cape Starichkof, and several other d o n %  including 
2 of about 1,000 feet, were measured farther north (pl. 19). The 
stratigraphic relations of thwe section to each other and to the 
Kitchernak Brsy &ion to the south are in doubt bemuse of the lack 
of key beds for correlation across conmaled intervals and across 
faults of unknown displacement. Available information indicates 
that in gamd, except for a few local reversals resulting fmm minor 



folding, p ~ o W v e l y  younger beds are mposed northwad from 
Cape- Sbrichkof, and that thme mtions are in large part, if not 
ontirely, duplimtd by the Kachemak Bay section. 

DIBTRTBUTZON 

Beds of the Kenai formation are exposed intermittently in fie 
h h  bluffs along the mast between Kasilof and Homer, and almost 
continuous~y along the northwest shore af Rachemak Bay from Fritz 
C m k  to the head of ths bay (pls. 17 and 18). They appear in many 
bluffs and canyon walls on the west side of the valley of the Fox 
River, to a point about 11 miles abwe the head of the bay, opposite 
which Kenai strata also underlie a amall a m  on the east side of the 
Fox River (pL 18). At no point is the contact with the older rocks 
of the ad jmnt  Kenai Mountains exposed, but the fact that the Kenai 
Ettrata east of the river dip northettstward into the mountain face sug- 

. gwts  a fault relation in which the older rocks to the mst were 
upthmwn. 

A single small outcrop of mks that presumably belongs b the 
XCenai formation was. mapped at the had of Crystd CreeBc, a, southaast 
tributary of Tustumena Lake (PI. IT), where a section comprising 
83 feet of mnglomemta, sandstone, dtstone, and e l ~ y ~ n ~  was meas- 
ured. Them beds am p r l y  indurated and contain carbonized wood 
fmgments, in both mpcts mmbIing  beds in the Kenai formation 
in the northwetern part of the district. The beds on CrygtaI Creek 
haoe a re1 ativel y m p  dip of about 25 " SW., but M their contact with 
the older mks of the Kend Mountains is conwaled by glacial de- 
posit~ their structural relations to them could not be determined. 

The southwest shore of Tustumena Lake was not examined, in 
detail, but a few ground observlctions, aerial reconnaissance, and oral 
reports of plogista of the Alaska Termin and Permafrost Section 
of tha U. S. Gmlogieal Survey indicate that only glacial and dIuviaI 
deposits am exposed. 

Isolated outcrops of the Kenai formation were mapped in the pal- 
leys of the Ninilchik and Anchor Rivers (pls, 17 and 18) ,  in w d  
smaller valleys on the upland betwean Homer and the Anchor River, 
and on the muth slope of Pbrrnilgan IIead in the Caribou Hills (pl. 
17). Kenai bedrock was traced almost continuously along the mid- 
dIa mnme of Deep C m k  and observed in mveral scsthred oukmps 
along its lower mume (pl. 17). 

Combined aerial and ground raconnaissance, supplemented by 
photoplogic interpretdion, of extensive areaa between Homer and 
the Anchor River, northweat of the Anchor River, md on the south 
f a m  of Bald Mountain (pl. 18) indicated that they am nndeslain 
by the Kenai f o m t b n  beneath a comparatively thin mantle of snr- 
ficiJ depmits; these arms are therefore shown as Kmai on the gm- 



logic maps. The presenca of a large area af Kenai mh at the heads 
of Crooked ma Nikolai Creeks on the northeast f a a  of the Caribou 
Hills (pl. 18) was reported by D. B. Rrinsley (om1 communication, 
October 1951). The small area of Kenai rocks on a tributmy of Deep 
Cmk (pL 17) northwest af NiniIchik Dome {pl. 18) was mapped by 
aerial remmaissrtnca and photngeologic interprehtion. 

BUBFICIBL DEPOSITS 

Most of the Homer district is mantled with gImial deposits and 
alfuPial silt, smd, and gravel to depths ranging from a few inches 
to seveml tens of feet. h a l l y ,  in what appear to be buried stream 
chrtmeIs exposed in the W h  bluffs, the thickna of unconsolidated 
deposits may be several hundred f&. Other types of surficial de- 
posits include lorn$ or wind-deposited silt, which c a o m  the Homer- 
Anchor Point area to depth of as much as 2 feet (Krinsley, 1953, 
p. 6) ; landslids debris at t he  foot of beach bids, not8bly southeast 
of Bluft Point; and collurium on many gentle upland slopes. Thin 
layers of volcanic ash, appearing as light-colored st~wks in fresh 
exposnres of alluvium, loess, and peat, were n o w  at several places. 

Beach sands along the east shore of Cook Inlet, notably at Anchor 
Point, have yielded small mounts of placer gold, appamntly con- 
cantrated by wave action from glacial and alluvial gwals (Martin, 
1915, p. 116111). 

STRUCTURE 

The structure of the Kenai form~tion in the Homer district ia 
relatively simple, being charactmized by b d ,  gentle folds in which 
the dips are generally less than loo, and by high-angle faults with 
vertical displacements ranging from a few inches to nearly 80 fast. 
Little is known of the trend and erntent of the fold axes and faults, 
most of which are evident only in the nearly veical  beach bluffs. 
The general trend of the fold axw appears to  be to the northeash 
and the faults, with a few sxmpkions, strike northwestward. These 
atructwm are superpod on a broader structural b i n  or trough 
whom rim generally parallels the shores of Cwk Inlet and Kachemak 
Bay. 

FOLDS 

A series of broad, gentle folds, including 4 anticlines and 3 syn- 
clines, is revealed by reversals of the apparent dip of beds exposed in 
the beach bluffs between Deep Creek and Clam Gulch (see section on 
plata 17). Th only indication of the trend of these folds was forrnd at 
localities 23 and 25 (pl. 171, where 2 small folds are well enough ex- 
posed in 8 dimensions to show a trend of about N. 6 5 O  E. No folds are 
apparent in the almost continuous bedmk exposura in the beach 
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bluffs bstween and Happy Cmdq but mveral miles inland beds 
a p d  dong D m p  Creek east of locality 37 have nnderpae the 
stron&;sst folding notd a n ~ h e r e  in the Homer districG with local dips 
of nearly 20" ( pl. 17). The plotted dips outline a broad antidine be- 
tween localities 87 and 45, a wry namw syncline beheen localities 
60 and 51, md an equally narrow anticline bstwmn localities &I snd 52. 
The Limbs of these narrow folds am nearly parallel and indicate an 
axial trend slightly east of north. About 3 milw farther upstrenm, 
two converging dips of &bout 5" pomibly reflect a gently northeast- 
w a d  plunging sgnclina 

Between Anchor Point and Homer tho beds e x p o d  in the h c h  
blnfls hava b m  gently folded into at least 6 synclines and 5 anticlines, 
several of which are shown in section on plate 18. Indications of &a1 
trends am mostly lacking here alm but evidence indicates that these 
folds likewise plunge gently northeastward. 
On the northwast shore of Kachemak Bay nartheast of Homer 

(pl. 18), e x p u m s  in the beach bluffs reveal an mticlind axis enst of 
the mouth of Fritz Creek, and both an anticline ma a syncline west of 
tha mouth of Cottnnwood C m k  (see section on plate 18). No evi- 
dence was found to show the trend of these folds. 

The beds of the &nai formation am cut by 35 faults or mom, a11 
but one of which are norm1 faults with steep to vertical dips, More 
than U3 faults, with vertical displmments of 8 to 77 feet and dips 
ranging from 60° to vertical, were rnqped in the beach bluffs along 
the ~hore  of Rachemak: Bay between Fritz and Swifk Creeks (pl. 18). 
Mfiough the s t r i k ~  of these faults could not be determined accurately 
in the nearly vertical exposures, they appear to range from due north 
to due west, the enera1 trend being northwest. The direction of dis- 
pl-ant was not the same at a11 thsae fad@ but the predominating 
movement was upthrow of the northast blmk, with the net result 
that beds at the h o d  of th0 bay have bean upthrown ne8rIy 250 feet 
relative to those at the mouth of Fritz Creak. Farther west, ncirth- 
*ward-trending faults were mapped at localitiw 124 and 127, on 
the Eorner escarpment, and at Iocalit y 132, on the beach south of Mill- 
ers Landing. At these 3 faults the northeaat side w w  upthrown 
about 50,40, and 10 feet, mpectively. 

Comparatively few faults were mapped in the w a k n  part of the 
Homer district, possibly owing in part to poorer and less extensive 
exposures of bedrock. Cornpbx faulting near locality 76 (pl. IS) 
has disturb3 beds at the crest of a small anticline south of Trouble- 
mme Creek; there the aggregate effect of 3 faults has been to drop the 
southeast side about 23 feet stratigraphically. Theae 3 faults, with 



d d c m  ranging from N, 12 O E. to N. 80° E., am the on1 J northeastwad- 
trending faults, with the amption of a, small mverae fault north of 
Ninilchik, that were observed in the Homer district. 

T h m  small faults near the mouth of Happy C& (pl. 1'1) sb-h 
due west to N. 30" W., and have vertical displncments of 6 to 8 feet, 

The only reverse fault seen in the district is exposed in the beach 
cliff near locality 21, 1Y2 miles north of Ninilchik (pl. 17). Although 
the fault surface codd not b reachad for direct measurement, it was 
estimated to have a strike of N, 45" E., and a dip of 5B0 SE., and a 
vertical dilar?ement of 20 feet. 

Two nomd faults with northwest strikes and stsep northenst dips 
are eqosed in the beach bluffs north of Coma Creek and nm%h of 
Falls Creek ( pl. 17). As no correlation of beds eould be made across 
either of these faults, the amount sf displacement is unknown, but drag 
of coal beds dong the fnults indicntes that in eneh case the southwd 
side w m  upthrown. Tbs faults mnpped nt  the mouth of Clam Gulch 
and about a mile Eo the south are not exposed, but were inferred ta 
account for discrepancies in stmtipphic sections on opposite sides 
of conmaled intervals. Several small fnults with displacements of 
less than 6 feet were observed, but not mapped, between Deep Cmk 
and Clam Gulch. 

COAL 

The con1 of the Homer district occurs in many lenticular M s ,  in- 
clnding at least 30 M s  ranging from 3 to 7 feet in thickness, that 
are widely distributed throughout the known thickness of the Kenai 
formation. In the southern part of tile district, the coal beds are 
thickest and most abandant in the lower part of the exposed section. 
Jndjvidunl beds generally change markedly in both thickness and 
purity within short distanm, which makes correlation difficult or 
impassible except where beds can be traced almost continuously be- 
tween sections, One notable exception is the Cooper loon1 bed, which 
remains fairly uniform where e x p d  in the beach Muff for about a 
mile  stw ward from the Homer Coal COT. mine {pl. 181, and changes 
gradually to a thinner multiple bed about 3 miles farther west at Blu$ 
Paint (pl. 23, sections 107-1 18). More typical of the coal beds of the 
districts are beds E and F; which are exposed almost continuously for 
several miles along the shore of Rachernak Bny northeast of McNeil 
Cmk. Chan,~ in thickness and number of partings in t h w  beds are 
illustrated by detailed sections at localities 144-157 (PI. 25). 
The general distribution of coal beds throughout the known thick- 

ness of the Kenai formation is shown by the stratigraphic sections 
(pL 19), and detailed sections of the principal coal bds of the distr ict  

4899&1--6&--8 



m ~hown on plates 20-27. Inasmuch aa individual 4 beds are 
e x p d  only in a narrow zone along t h ~  beach MufTs or in blated 
exposures at inland points, lithle is known of their areal extent, It ia 
masonable to mume that they gxtend back from their outcrops for at 
least a dihnce commensumte with their outcrop lengths, and that 
these or related beds underlie the greater part of the Homer district 

The ma1 of the Homer didrict is generally s dull black, with mmy 
bright, lustrous bsnda in fresh exposum, and has a dark-brown &re&. 
Locrtlly it has one prominent cleah or frsctam, and a poorer one, 
which are st right angles to en& other and to the bedding. The strike 
of the prominent cleat is remarkably miform throughout the district; 
all measurements are between M. 40° W. and N. 60° W. Some of the 
beds are composed in large part of flathed codified tree trunks and 
limbs, m e  of which retain the original grain structure: md split like 
wood. In weathered ex- the coal is dark gray and its woody 
texture is emphasimd, resulting in a rough platy fracture parallel to 
the bedding. 

The analpa in tabla 1 show that most of the cod of the Homer 
district is subbituminous C in rank although 3 of the 18 samples are 
classed as lignite and at least 2 as subbittllnino~~s B ooal. The average 
heating value of the samples analyzed iec about 7,700 Bfm as received, 
or 8,900 Btn air-dried. The a& eontent rangy from 3.2 to 22.6 per- 
cent as rwived, or 4.0 to 24.5 percent &-dried. 

Burned cod beds are fonnd in many parts of the Romer district 
particularly naar the head of Kachemak Bay. Them bed8 are indi- 
cated by thick sones of yeflow to brick-xed shrtly rock thst is genemlIy 
highly sha t t ad  and baked to a flinty bardnm The m l  beda am 
generdly rapreemkl by 1 to 2 inches of soft ydlow ash at or near the 
brrse of the baked mna 

A few mall burned zones are found along the Homer wwpment, 
and several sxtensive burned zones are exposed in the M bluff8 
in the vicinity of Cottonwood Creek. In several long sections of 
bInfT between -and and Swift Cmks  pmtimlty a11 the coal M e  
have hen burned The only outcrops of unburned coal are in the 
bottoms of -vines where the coal is kept wet by spring. The only 
burned k d a  w n  in the western and northwestern parts of the dis- 
t r i c t  are on Deep Creek below lmlity 35, and in the bwwh bluff at 
locality 28, sbont a miIe north of NiniFchik. 

Much of the b e  is blieped to have occurred in cumparatidy 
remt yeam. Amording to local reprki many of the beds along the 



northwest shore of Kdemak Bay were b d g  within the memory 
of older residonta. This agrees with the fact that Stone, who exam- 
ined the ma1 of ~ h e m a k  Bay in 1904, xnentioned burned beds only 
in the upper part of the  bluff^ betweerr Falls h k  and the head 
of t h e b y  (Stone, 1906, p. 66). On theother hand, beds of ash and 
baked shale were found at a few plwm beneath several feet of mil, 
indicating that gome burning m r e d  much earlier. Little evidence- 
was found ia indicab how far back from the outcrop the cod had 
burned, but it is doubtf d that it would continue to bnrn under more 
than a few tens of feet of cowr. 

W-mhhg activitim in the Homer district before 1904 have been 
d z s d  by R. W. Sbna (1908, p. 54-58). Probably the fht 
c o d  mining in the district was begun in 1888 when the Alaska Coal 
Co., h v e  a tunnel on a ma1 seam about a mile south of Millers Land- 
ing (IQc. 132). Nothing is known of the production from this bed, 
which was h o r n  as the Bradley seam. No tram of the tunnel 
remains. 
In 1891 Lt. R. P. Schwerin, U.S, Navy, took 50-ton samplm fnrm 

each of the 4 Iwlitias on Hachemak Bag, one of which was McNeil 
Canyon (lm, I@}, and shipped them to S m  F m c h  for Ming. 
The d t a  did not enconrage further derelopment 
In 18% the North Pmific Mining and Transportation Co. begs~~ 

exploration in E d a n d  Canyon (lm 158). The m p m y  erected 
thm buildings md a short pier at the month of the canyon and 
built a tramway to a tunnel m a ma1 =seam half a mile up the canyon. 
At 1wt 650 tons of coal was mined and shipped to San Fxssncisco for 
testing. 

Prospecting in Eastland and McPlreiI Cmyona was continued from 
1894 to 1897 by the Alaska Coal Co. and the North Pacific Mining 
and Tmmpo~tation Co. During this time two short tunnels were 
driven on the Curtis seam (bed B, loc. 143) a ehort distmce west 
of McNeil Canyon, and a short wharf and wd bunkers were bnilt. 

Extensive preparations for cual development in the Homer dis- 
trict were made from I899 to 1902 by the Cook hlet Cad Fields 
Ca. in the vicinity of Bidarki Creek This company built a large 
dock at the tip of  home^ Spit and a 42-inch-gage railroad from the 
dock to Bidnrki Creek. Wndergromd work included the driving 
of 3 tunnels mi the Cooper ural bed in tha beach bluff and the start- 
ing of 2 shafts a short dktsnca back from the bluff. &spite the 
rather egtsnsiva development work, the total production by this corn- 
pany was appamtly only s few hundred tons. 

According to available m r d s ,  the nexk -I-mining acti~itg in the 
Homer ddrict was in 1915, when operations were rm.uned at the 
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..-.A. -- 
------A- 

30.3 
la. 1 

-------. . - - - - - - - 
284 
la s ------ -. - - - - - - - 

u, aio 

7 1 In ~mrdaorn wllb kmcrtcan Soolety br Tes'tng Mat&&. Braadnrd sWcntions lor classiaeatlon of mal by mnk (A.S.T.M. Mgnatba: DM. A . ~ . A . M  .MId b 
1623): 1838 Bo& 01 A.8.T. M. Etandards, pL S, p. 1-6. 



same l d *  near Bidarki Crmk on s permit grantad mder the new 
ml-leasing law enacted in 1314. This law provided for the grant- 
ing of permits to mine coal in trsicts of 10 acm or less. No records 
of production am srvailsble, except that in 1915 this operation, hown 
as the Bluff Point mine, was the lsrgeat 02 m e n d  oparating under 
similar permits that together produced a b u t  1,400 tons. Soma proc 
duction continued at the Bluff Poinh mine until 1923, the operation 
having been chmged from a permit to a l e m  in 1920. Racords show 
that about 1,200 tons was mined in 1921,8,700 tons in 1822, and 7QO 
tons in 19?23. No m r d s  were found to  indicate that the mine was 
operated btween 19% and 1945. 
In 1946 the Bluff Point mine was taken over by the Homer Coal 

Corp. A new camp was constructed, and underground development 
&rtd Some development work and incidental ma1 production 
were continued until 1951, when an extensive engineering study, in- 
cluding the drilling of nine dimond-drill holes, was made in an 
aflort to block out r88ervw of stripping coal. No production has been 
reported fmm this property since 1951 ; the only later production 
from the Homer &strict was from a few small stripping operations 
near Homer, 

The hta1 cummercial pdnctio11 of m 1  in the Homer district ia 
not hown, but it probably d m  not exceed a few thousand tons. In 
addition, local &dents have for many years used ml picked up on 
the h h  or dug from convenient outcrops farther inland. 

Indicated cod remmw in the E m  district are estimated to total 
~1,bo~e 400 million tons in beds 2 feet or mom in thickness. Of this 
mannt, abut  300 miEon tons is in beds more than 2.5 feet thick, 
and mom than 50 million tons is in beds more than 6 feet thick. The 
estimated reemea am, for the most part, under lew than 1,000 feet 
of wvsr and within half a mile of the outmap. In table 2 the ~ecrervaa 

are reported by township and bed and range of thickn- Owing ta 
the small amount of undergmtmd development, none of We rssemea 
are classed as measured. It is highly probable that many of the ma1 
beds extsnd much more than half a mile from the outcrop, and that 
other beds that are nowhem exposed underlie many inland sreas. 
Owing to the lack of data on the n u m k ,  e-4 and thickness of nuch 
concealed bedg no attempt was made to compnte inferred resemea 
in these areas. The results of this invwtigation suggest that all but 
the ex tme  northern and nortbe~tsrn parts of the diskrick, or an 
a m  of abut  750 square milea, probably is nnderlain by coal beds 
2 feet or mom in thickness. If so, the potential resemes of tbe district 
may amount to several billion tons, 



In table 2 and in the following dewriptiom of 4 b d a  by town- 
'Bhip, certain ma1 beds, mainly those that were idemmed at seveml 
locetlities, have either hm a&& names or given nmbm or letter 
designations. 

TABW 2.-&tim&d coal rs~trvem the Homer dwlrict, by Odividld b&, K w i  
A s a H ,  dlarka 

I Tndicsfed resew- 
(thousands of short tony 

Coal bed 
Area 1 

Aver- 
afY 

thick- 
I I C M  
(feet) 

T. 2 N.. B. 18 W. 

Bed at Ioodity a _ .  -,---,,- 2.0 
Bed at locality 6, -,------- I 3.8 

~ o t a l  ,,,, . --,,,,-,,I -----, -1-  ,, , , , , ( a161 1,9951 _---.----- 

Bed at locality 5, ,-,,,*,-. 3 .8  
Bed at l d t y  6 ,,,,,,,,., 2.2 
BedatIocalitiea7md8---- 3 . 0  
Bed at localities 9-11 + ,- ,,, 3. 1 

Bed at looellties 4-12,,,,,- 
Bed at locelltiea 1 2 4  13-- 
Upper bed at  loaaIity 13- - - 
Bed at. locditiea 17and l a - ,  
Red at  locnlitv 16, - -,-,+,- 
Bed at localitirs 1%21----- 

Total, , , , , , , , - , , , , - 
T.I%&IXW. 

Bed st ItoaaIity 22 ,,.,,,,,, 1 2.01 3061 1 ,081 , -  ...----..I .--....--- 

Bed .st looalities 28 and 27,- 
Bed at loalitiea 27 and 28-- 
Bed at locality 29 ,,-,,,-,, 
Uppermost +. - bed at boality 

-31 .,.-.----+,,,,,,----- 

Middle bed at locality 3t,,, 
h w ~ e t  bed at locality 3X--- 
3rd at locality 32 -,,,,---- 
Red at locality 33 --,------ 



Tmba 2.-E&'mukd rod rs8m-u~ of the Homer d- * indiwtd-l id#, K 8 d  
coal finld, Alaska-Conttn 

I I I 

Xndiaabd reserves I Aver- I 1 (thoueanda of abort tom) 
a Area 

Coal M thick- (acres) 
ness 
I f W  

thick 5 feet thick 

Bed at I d t g  37- --- ,,,,- 
Red at localities 38-43,-,,. 
Bed af lwaIity 45 ,,,,---,- 
Bed at  locality 46 -,--,,,,, 
Brd at locnlity 48 ,,,,--,-- 
Ded at locality 49 -----,,,, 
Bed at l o c ~ l i t y  51 - -,---,,, 
Upper bed at locali* W , ,  , 
Lower bed at locality 52,,. 

Bed at lodi* 33 -,,,,,-,- 3.7 350 
Bed at Iocdities 34 and 35-- 3.9 860 
Red at locality 36 -,-,,,--- 5.8 320 ---,------ ,,,----_,, 
Bedatlocality64 .,,_,,--- 3.4 370 
Bedat locality 55 ,,,,,,_,- 3.0 3 
Bed at locality 58- --,,---- 2 9 255 
Bed at  locality h7 ,,-,----- 5.3 255 -,------,- ,,,_,,---- 2,365 
Bed at locality fig .,,-,-,,, 2 T 250 
Bed at localities 59.and 80,- 4 3 230 
Lower bed fit local~ty g0--- 2. 0 230 
Bed at locality 64, ,,,----- 3 .3  160 ,,,,,,,,-, -- 

Total,-,,,,,,-------,-,,,,,------ 80s 17,157 

Upper bed at locality 1 TF - - 2. O 
Lowar bed at locality 177,- 

TOM - -, , - -, , , , -, , , - -, , - - - - - - - - - - 

Bed at loodty 64, -,,--,-, 80 ,,,,,,,--, 402 ,,,,,,,,,, 
Bed at locality 65 ,,,,,,,,, 1,134 -,,,,_-,,, ,-- -,----- 
Bed at locality 67 ,,,,A,--- 

Red at locality 68 __-_,__-- 270 1,6M ,,-------- 
Bed at localitje~ 69 and 70- 265 ,,,------- 2,087 ,,,,,--_,, 
lawer bed at Iooality 70,,, 
Bed at locality 71 -,,,,,,,, 95 ---------- Mi6 --, , ------ 

Total -,,,--,-----,- 



TABLE 2.-&fima&d mal fs8mW8 of IAb HOW dkh '  indiaddd beds, Ken4d 
cod$dd, Alaake--Continue *d 

Coal bed 
I "g- I * 

thick- (acres) 

Indicated mervss 
(thousands of short tom) 

In beds 2 In beds 2.6 In beds 
ta 2.5 feet to 5 feet more thsn 

thick thick 5 feet thick 

Bed L st looalities 160-1 67- 
Bed K at Ioealities 160-166- 
Bed J at loaalities 160-163,- 
Bed M at Iocalitim 163-167- 
Bed abave bed L at locality - *- 

40-4 I-,,---,, , ,-----.. --- 
Bed above bed M at locali- 

ities 166 and 167 --------, 
Bed a b v e  bed T at looality 

-..---.... 
I, 4 8  

-----,,,-----,-,---I 

- - - - - - - - a, 

-+-------- 

- - - - - -+a*-  

---------- 
-me- - - - - - ,  

-------------------- 
- - - - - - - - - - - - - - - - - - m -  ,------------,-----.. 

-,,,,----- 

- - - - - - a - 
- - - , , , , ,, - ---------.- 

,-,,,-----------..,,, 
-,-,-,+,,+--,--,---- 

---,,,,,,, 

3,024 
-,,------- 

, -, - - -- - - - 
714 

+ + + - - - - - - 
, - - - - -, , , , 
------ *- - - 

S, I66 

cat bed at looality UPIZ - - - - m * - - - - - d , * - , - - -  

BedatZocahty173 ----,-,- 
Lowent bed at locality 171,- 
Uppermost bed at loaality 
172 -,,-----I,,----- ,_,, 

Beds at locslity 172,,, , -,- 

Loweat bed at localfty IF,- 
Up ermaat bed at local~ty 

1 3  7 ,,-,,------,,--,---- 

Beds at locality 113- -, ,,-+ 

LoweatbedatIocality173,- 
Bed at locality 174- ,+ -, - -, 
Up errnost bed at locality 

1?'5 -,------,__,,..--+--- 
Beds &t locality 175 ,,,---, 
Loweat bed at locality 175- - 
Up prmost bed at laaaliby 

1% -,,-,,,,,,-,,-,-d--- 

Beds at locality 176-, - -, - - 
Lawest bed at locality 176-- 

Total -,--,+,,,,,- - 

168---,,,.,-----------* 
Bed T at localities 168 and 

169-,,,,,,,------------ 
Bed U at locality 169,,---- 

4 S g s S 1 - u  

- 

I 

1, ara 
-----------,,,,---,- 

128 
840 

Z 352 
2,072 
2, 128 

1,1& 
I, 232 

840 
924 

1,03fi 

1,372 

-----,,,-- 
1,668 

+------ --- 
2,240 

- - , - - , , +, , 
644 
480 

4- - - -+ - - - - - - - -+* - - -h  

560 

21,518 

as 
5.1 
2.6 

2.6 
3.0 
4 2 
3. T 
3.8  

2.3 

I 
2.0 
2 .1  
4. 1 
4 . 4  
3 .0  
3 . 3  
3.7 
a, o 
2.0 
4.9 

5.4 

{ : 
4.0 

5.1 

4.0 -- 
,--.-,,----,--- 

i m  
160 
160 

1M 
180 
320 
320 
2 0  

160 
160 
160 
160 
160 
180 
160 
160 
rse 
180 
6 

320 
320 
320 
320 

80 
80 
80 
80 
80 

,.....-... 
700 

---------- 
-,-------- 
----,-,,-- 
---------- 
, 

644 
560 
688 

----,----- 
-----,-+-- 

,-,,,,-,-- 
-,-------- 
,,,,,,-,-- 

580 
5e0 

- - -- 
,,-,---,,, 
----,,---- 

1, 400 
- - - - - - - - - _ 
, , , , , , - , - - 
----,-,--- 
-------,_- 

294 
---------- 

5,306 
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Cod bed 

- .  

169---,--,----.---,---, 
Bed below b d  8 at I N t y  
168-,-,,,--,,,,-,,--,,, 

Bed R at locality lBS,.-,- - 
Upper bed Q at localitim 

168-170.,,,,.,,,,---,, 
Lo\vet bed Q at localities 

168-170 ,.+,,,,,,,-,, -,, 
Bed P at Iocalitiwr 16%-170, 
Bed O st localities 258-170, 
Bed N at localities I6%17Q- 
Uppermmt bed 8t locality 

171-+-,.,---,-,,,-,,,,, 
Bed a t  l o d t y  171 ..,,,,,,, 
Lowest bed st locality 171,. 

Inbeds2 InhdB2.6 Inw 
to 2.5 feet to 5 feet more than 

thick thick 5 feet thick 

T. 6 B, R 11 W. ( D m  

Bed D at localitlea 148 to 
349,,.1--.--.---.------ 360 .......... 1,444 .......... 

Bed E at localltieir 144 to 
150,,,,-,,,,,-,,.,,,,-. 

Bed above bed F at I d -  
ties 149 and 150 --,.,,,,. 

Bed above bed P at loaali- 
ti- 149 and 150, ,.., ---. 

Upperma& kl at  looality 
151----,----,-,-,-,---- 

Bed at lonality 161 --.,,,.. 
Lowest bed at locditv 161,. 
Bed above bed F at iocaIi- 

ties 152 fo 156 ,-,,,,-,,, 2.5 
Bed F at IocaIitiea 152 to 

158 ,,,,,----,--,,--,,-, 2.2 
Bed E at loditim 152 te 

158 ---,-,------,------I 2.8 
Bed 320 feet above bed F 

at locaUty lJfi, ,,,,-,,,, 2.5 
Bed 290 fcct above bd F 

at locality 156 ,,,,----a- 2. 1 
Uppermmt bed at l d i t y  
6 7  - -  - - -  .- 2 7 

6.0 
Bed at lmdfty 167. .----. - 



I Indioated ressrwes 
(thousands of short tond 

Coalw 
Inbeds2 Inbeds2.6 Inbe& , to 2.6 feet to 5 feet more than 

thick 5 feet thick 

Bed 800 feet above bed P 
at locality I57 

Uw~ermost bed at loditr -. 
158.---,,-----,-----,-. 

Bod st Iocdity 158 -------. 
Bed J at localities 158 and 

159,,-,-,-------,-----. 
Bed blow bed J at locdity 

158,----,--,----,-,---. 
Low& bad at  locality 118- 
Bed I at locality 159 --,---. 
Bed G at locality 159- ----- 
Bed L at localities 180 M 
167----------*-------+- 

Bed K at localities 160 to 
166--,-----+---------.. 

Bed J ut l d t i w  160 to 
183,+,,,---,---,,,,,,,. 

Bed I at lmditiea 160 and 

Bed belaw bed H at locality 
181 ..-...-.------------I 2 0 1  1201 4201 

I 
Total.. . - .. . ..-- -- - 24,453 

T.I&,8.IZW. 

"P bed at lodity 133, - - 
lddle bed at locality 133-. 

L o w e d  bed at locality 133-- 
U p p e r ~ ~ ~ t l o c a l i t y  134-,- 
Lower bed at locality 134-,. 
Bed at  locality 135- ,, - -- .. 
ned at Iocalitie~ I38 and IaS. 
Bed A at localities 140 to 

142-,-,-,,,,,--,,,,,,,. 
Lowor bed at loodity 140,,. 
Bed B at localities 142 and 

143,,-,-,-,------------ 
Bed C at localities 143 to 

146-,,,-------.----,,,, 
Bed I3 at Iocalities 1-43 to I 4m2 

14T--,,,,----,,,------- 
Bad abow bed F at Id-  

ties 144to 148,,-,,,--,, 
Bed above bed F at l o d -  

fiea 144 to 147 ,,,,,,,,,, 

Paw - - , , , , , , , , , , ,, 

149 -,,+,,------,,----,, 

Bed E sf localities 144 to 
150,,,,,,-,----,,,----- 

Bed F at looalitiea 14=4 to 

8.3 

318 



Indicsted teaervee / (thornand. of ahort tonal 
ape Area 

thick- [acml 
rims ~ In beda 2 la beds 2.8 In beds 
(feet) to 2.5 feet to 5 feet more than 

thick 5 feet thick 

~ e s  at locality 119 ,,.,,,,, 2.6 
Bed at locality 120,.---,-- 2 7 
Bed at locality 92 ,,----,,, 3 . 0  819 ------,--- 
Woodman bed at localities 

126 to 130 -,,,,,,,,----- 2 7 
Bed below Woodman at 

localities I26 to 130--,,,, 2, 3 
Do -----,--,,.--,,,,, 2.2 

F l h h s r  bed at IomUtiea 
127tof30 ,,-,,,,,,,-,,, 2.6 2,134 ,,,,-,,,,-,-----,,,, 

Bed below Fletcher at I* 
calities 128 to I30 ,,,,,,, 2.9 

Bed st locality 131. - ,,,,,,, 5.6 

Total ,,,,-,, ,,, --, - -- -, , -, 3,136 

Bed 8% locslity 92 ,,,,,,,,, I L!Jl  3 - -  1 a06 .......-.. 

Bed at locality 76 ---,-,--- 
ned at tocalIt~es 76 a d  77,- 
Upper bed at  locality 78,,, 
Lower bed AL locality 78-,- 
ned at  localities 7D and 80-- 
Fed at localities SO and 81,- 

Zpr r bed at locality 81- -,- 
e atlocaIity82 --,---,,, 

Total --------, ----" 

2 0 
3. 1 
3.2 
2. S 
3. 6 
3. 2 
3. T 
3 . 3  60 - , , - , , , , , - -- 

,------ --,, --- 

Bed at l d i t y  136. ....... 1 2.2 1 920 / 1,232 -,--+--,-- --,*,--+-, I 



Cod bed 

Upper bd at locality 84.- - 
h w e r  bed ~t locality 84,,, 
U per bed st lotdity B(i-,  , 
h? lddle b ~ d  at locality 86,,- 
Zower bed at locality 8G,-, 
ned at  locality 87. - -.-,,-- 
Red at  localities 88-80,-,,, 
Zawer bed fit locality a,,- 
Bed at localities 81) and 90,- 
Lofgren bed at localities 

'33 to IOF ,,- - -, . ,- 
Cooper bed at localities 

10T-l18--,-,-,,-,,----. 
Upper bed at locallty 107, . - 
Bed b l o w  Cooper st local- 

ity 113--- -- - -- - ---- ---. 

Aver- 
age 

thick- 
ness 
(feet) 

-,,,,,--,, 

6,272 -,-------. ---------- -.....- --. -- 

2,920 
--*---- --- 
---------- 
--+------- 

-,,,,,,--. 
--,--,---, 

,----,---,+-------.- 

,+--*----- 

----.*-- -- 
---------- 

2,912 
+-,,-,,,,,---------- 

+--------+-.-------- 

---*+----- 

13, 104 

Bed at imalify 92 -,,,,,,,. 
Cabin bed at localities 117 

n d  2 3  
Cabin bod at Iocallty l22--- 
Beds st loosllty f 22- - , , -.- 
Lewest bed tat locality 122,. 
Bed below Cabin bsd st lo- 

cality 122 --,.------ll-- 
Beds at  locality 123--, ,,,- 
Lowent bed st lmality 128,- 
Upper bed at  locaIity 124,- 
Lower bed at locality 124,- 
Woodman bed, at looditiev 

Area 
(ncm) 

30 

640 
605 
320 

3.9 

6.8 
2.0 

{ ? A  
2.0  

2 0 

{ : 
4.5  
3, 0 
3, 3 

Indicated mEe#m 
(thousands of short tom) 

6,048 

--,,-,,,., 
2,184 

- - - -+-+---  

1,512 
-,--,--I-------,---, 

----..----- 

+-,,,,,---,,---,-,-- 

2,117 
1, 170 

126-130.-.,- .--- - --.- -. 
Bed below Woodman bed at 

Iocrtliti~s 128-130 ,,.,-,,,, 
Do -,,, ,- ..,,, ,-,,.,- 

Beds at looslity I26 ,.,,,,,, 
Fletnher bed, at localities 

1 - I - - - - - -  

205 

-----+---, -.----,--- 

Tn beds 
more than 
6 feet thiak 

Tn ME 2 
to 2.5 feet 

thick 

1,680 
-.,--.--,,..-,----- 

-,-,,-----,,-,,.,,,, 
--*,,,,*,,--,,,*---, ..-.------ 

2,520 
I ,  680 
2, SS7 

Bsd below Fletcher bed at 
localitio~ 12R-130 ----,,,- 

TOW ,,,,,,,.,,-,,, 

3'2 
320 

320 
a20 
320 
320 
320 
500 

TB beds 2.6 
to 5 feet 

thick 

1,120 

1, la0 
1,120 -.... -.--. 

--,.--,--+ 

-,--,---,- 

-,-,------ 

5, 152 
4,928 

,--------- 
1, 120 

--.-----+- 

1,232 

1,312 

!2.7 

2 a 
2 2  

i 
3, 9 
2, 0 
2 . 7  
5, 2 
2.2 

2. 5 

1,2BO 

I, 280 
1,280 

320 
320 
320 
D O  
320 

300 

Z 9 

,,,-,,- 

939 

19, 655 

185 

-,---,- 

----,-,,-- 

20, 397 
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owl firEd, dloaku-Continued 

Cabin h d  at localltie8 117 
and 123.,,,,------,,,,, 

Bed 140 feet below Cabin 
bed at locality 117 ,,,,-a 

'Bed 400 feet above bed 6 at 
localfty 117 --,----=- .-- - 

Bed 5 at locality 117 ,,,,,,, 
Bed 4 st Iocality 117 -,,,.,, 

Caalbed 

T n s l  resmms of each 

Indicated reserves 
(thousanas of abort tom) 

In computing the indicated rmerw~, the m a  underlain by a given 
coal bed was dehrmined by assuming that ,t ontcmp a~bl ishes  mn- 
tiauity for hdf a mile in all directions, except where tibere is evidenca 
that the bed is termin~tad at a shorter distmce by thinning, f adtiug, 
or erosion. The areas of the few beds that were traced for mom than 
a mile along the outcrop were determined by assuming that the bed 
sxtanded back from the outcrop for a distance equal to half the known 
length of outcrop. Reds that thin to less than 2 feat at points less 
than a mile apart; were assumed to nnderlia a semicircular area with 
a radius equal to half the length of orrikmp within the thicknw 
limits. Reserves of beds that dip below sea level were not a m e d  
to be limitsd by sea level, but no mmea were computed beyond 
the high-tide line. Alw, ~vers l  beds that are exposad only b l o w  
high-tide level were not included in the computatians. No allowance 
for burned cod wss made in the resepv~ computations, sxwpt that 
bads represented on1 J by burned outcrops were not induded. 
The thickness @res n s d  in computing reserves are the weighted 

svemgw of all rneasursments made of emh bed, dstemined by the 

A~ ' 
ape 

thick- 
ness 
( fed]  

In beds 2 
to 2.5 feet 

thick 

Area 
(acres) 

In beds 2.6 
t o  5 feet 

thick 

In k h  
more than 
6 ieet thick 



method p d f w d  by the GeolorrjcaZ Snrvey ( A d t t ,  Berryhill, and 
Taglor, 1953, p, 7-11 $ . h determining the thklmess at each ld i ty ,  
partings more than three-eighths of an inch thick were omitted, and 
banchw of cod 1- than 2 feet thick that lie above or blow a thicker 
parting of rock or bone were also omitted. In ~ompnting tannagea 
each acre-foot of ma1 TAM nsimed to weigh 1,750 tom 

Although ~everal of the beds for which reserves were computed 
muld probably be strip-mined locally, no attempt was made to =ti- 
mate reserves of stripping ma1 except on lower Deep Greek, in 
T. 2 S., R. 14 W. (pl. 17). T h e  the d t s  of snbsurfnce explora- 
tion with a bulldozer and power auger indicate that alm& 200,000 
tons of coal, in a bfoot bed under lw than 25 fmt of overburden, 
occurs in an area of 28 acm betwean 1mlitie.s 85 and 36. 

Dehiled descriptions of outcrops of potentially vdurtble coal beds 
in each township of the Homer district are given on the following 
pages. &tailed graphic sections of the coal beds in aach township 
appear on the p l a k  indicated under mch tomehip hmding. For 
convenience in dmcribhg the coal in uasurveyed parh of the district 
township linm have been p ~ a  jectsd schemrttically on plates 17 and 18 
fm include all arms containing possibly valuable wal. 

Plate 20 

Cody beds axle exm at lomlities 1 and 2 ht are tm thin and 
dirty to be of value. 

At locality 8 (pl. 17) a cud bed exlposed in the b c h  bluff con- 
si& of 2 feet of bony cod underlain by an equaI thicknsss of b n a  
The bed dips 4 O N E .  and is exposed for a qusrter of s mile, being cut 
off to tha south by erosion at the base of the glacial. gravel, and to 
the north by the i n f o r d  fault south of Clam Gdch. 

The upper coal W at lwlity 5 (T. 1 N., R. 12 W.1 wrrs fmd to a 
point about 2,000 feet northelrst of the bwnship line and sr, mderIiesl 
a mill part of T. 2 N., R 12 W. 

Plate 26 

The upper bed at locality 6 (PI* 17) has a total thicknm of about 4 
feet, of which the upper half ia bony. This bed was traced along the 
beach from the -hip line to the fault south of Iocality 5. About 
3 fwt below is a bed containing a little less than 2 feat of dean 4. 

A double 6ed expmd at lmlity 8 may be tho same aa the one bed at 
locsliq 5 bat a fault of unknown displamment btween the two locali- 
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ties pndudes positive com1atioa. 'Shs upper banch oonhins 2 8  
feet of partly bony c o d  This be3 is cut off by glacid deposits about 
a quarter of a mile south of l d t y  6. 

A 3-foot coal bed was tFaced from locality 8, when it is mt off by 
glacial gra-veI, across the month of Falls Creek to a point 1,500 feet 
north of tha creek mouth, where it dips bIow beach level. 
The &foot coal bed measured at locality 9, just west of the township 

line, may be aasumed to underlie at lead a few hundred m a  in the 
northwestern part of the township. 

Plate 10 

A coal bed outlines a very gently folded anticline in the baach bluffs 
between localities 9 and 12 (pL 17). This bed is more than 3 feat thick 
rtt localities 9 and 11, including some bony coal at the top and base. 
At locality 10, l ~ s s  than 3 feet of coal is exposed but the top of the bed 
has been eroded. 

A coal bed between 3 and 4 feet thick is exposed at localities 12 and 
la. It was t r w d  from the base of the gravel north of locality 12 to 
the fault south of locality 18. A higher bed, conbining more than 5 
feat of coal, was traced from the fault to a point midway between 
localities 12 and 13, where it is cut ofl at  the base of Ehe gravel. 

A double bed containing more than 8.5 feet of coal in 2 benches is 
exposed nmr the top of the section at lwality 16. It is cut oE at the 
bnse of the gravel south of the =tion locality a d  dips into the h h  
about midmay between localities 15 nnd 16. 

A ma1 bed that is 3 feet thick at IocalitJr 17 and almost 4 feet thick 
nt locality 18 was traced across a barely perceptible rtntiche &tween 
localities 17 and 19, Immediately Ea the south an overlying bed, which 
contains at least 3.6 feet of coal at locality 19,l foot at locality 20, and 
2.5 feet at locality 21, lies in a bmad, shallow syncling. 

T, 1 L, R 38 W. 

Plkltm 20 

A bed containing 2.5 feet of dean coal is expod a few feat above 
the beach st locality !B (pL 17). Its gentle easterly dip carries it 
beIow the beach a few hundred feet northenst of the section lmalitg. 
nnd to the base of the gravel rrbaut 2,000 feet to the south. 

Plate !a 
A &fmt msIy zone exposed at locality 26 (pl. I?), md nem the brtse 

of the ssction at locality 27, contains about 2 feet of fairly clean ma1 
in its upper part. A bed 36 feet higher stratigraphically is at bast 
3,7 feet thick whem cut off by glmial gravel at lwlity 27, md 2.5 feet 



thiek~hem it dips into t h e  -beach at l&ty 28. Both of thew beds 
we o h t  mveraI feet by a mvmm fault near locality 27+ A bed can- 
taining 4.4 feet of -1 is exposed below high-tide level at locality 28. 

The next higher boal bed is only 1 foot thick at the base of the gravel 
at locality 28 but thickens to 4 feet near k h  level at locality 29. 
Three feet above this bgd is s 5.5-foot maly zone including 2 feet of 
clean ma1 at its h, 

The section at locality 81 includea 4 coal be& 2 to 4.4 feet thick 
separated by 1.5 to 6 feet of ~ ~ y s t o n e .  These beds are cut off at the 
base of the gravel between localities 29 and 31 and dip into the bemh 
htween EmaIities 31 and 32. 

A bscE e x p d  near beach level at locality 33, just south of the town- 
ship line, is at the crest of a wry gently folded anticline. This bed, 
which contains about 4 feet of partly bony wal, extends only a short 
distanw north of the township line before dipping below beach level. 

T m  B a. R 18 TR* (UHSURVEYED) 

m t e  21 

At l d t y  87 (PI. 17) % %foot coal bed is exposed in the north bank 
of Deep Cr& A dip of 17" NW., among the steepest recorded in khe 
Homer district, was measured on this bed. 

Cud beds r ~ b n g i n g  from 2.3 to 4.0 feet in thickness mere measured at 
l d i t i s s  38 to 48 dong Deep Creek. Although exposam are not 
con~nuons, an almmt flat dip indicah tbt  the m e m d  wtions 
probably me all on &B same bed, and this waa assumed in computing 
mm in this m a .  The thinner bsds at the top of the section at 
lmdity 38 and at the base of the section at locality 42 possibly are 
rsplits of the main bed. 

The k b  at ttlocalitiee 46 to 49, containing 2 to 6 feet of coal, probably 
repment, in. m n d i n g  order, a rawer d m l y  spaced m r i ~  of beds 
dipping gmdg mnthe&mrd. 

The bed at locality 50, which is too thin ta be of valne, and the 6-foot 
bed at lw J i ty  51, of which only the lower half is of minable quality, 
are on opposite I h b a  of a relatively tightly folded syncline, but their 
stratigraphic relation is nnknowa 

The 8 cad beds at locality 52, containing 2 to 4 fest of coal, am 8.p- 
parmtly wrcw a northmtward-trending anticlinal &xis from the bad 
at locality 51 and not far from it stmtigraphidy. 

Two cody beds measured at locality 53 are too thin and dirty to be 
of value. 

T. O 8.1 R 14 W- 

Plates 2 l  and 22 

The 4-fwt bed at locality 88, described in T. 1 S., R 14 We, extends 
only a short distance muthwestward bfore dipping into the beach. 
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At locality 34 (pL I?) a Cfoot coal bed, of which the lower 3 feet 
includes saverttl part- and the roof is eroded, is expased in the south 
ba& of Daep Creek just above the highway bridge. This bed prob- 
ably is the same as the 4-foot bed at locality 85, to which it wns traced 
intermittently dong the face of the bluff south of Deep Creek. T11a 
&foot h d  is also exposed in th0 north dga  of a lorn terrace in the 
SEX pet. 3, and forms led,- in the bed of Deep Creek in the NWJ14 
sec. 11. 

A special study of this area was made in 1954 with a bulldozer and 
power-auger unit to determine whether some of this coal might be 
minable by stripping. To test this possibility several trenches we* 
opened, and 11 holes were were drilled. Tha locatiom of the trenches 
and the drill hoIes and l o p  of the drill hales are shown on plate 28. 
The finding of grave1 instead of coal in drill hole 2 and in the trenches 
west of drill hole 1 indicated that stream erosion had probably re- 
moved the coal from most of the flood-plain area, Operations were 
tberefom shifted to the low terrace to the west, where a series of 
trench- and dFil holes along its north edge confirmed the presence of 
an essentially horizontal Cfmt coal bed under about 10 feet of ovar- 
burden (pl, 28, section A-A'). The approximate boundary of the 
a m  underlain by the 4fmt coal bed with a meximum of 26 feet of 
overburden is ~hown on plate 28. The southern boundary was chosen 
more or lass arbitrarily on the assumption that the ma2 bed extended 
southward withant change in altitude. The outlined tract is about 
28 acras in area and, awuming an average thiakngas of 4 feat and a 
weight of 1,150 tons per acre-faot, contains 198,000 tons of coal. Al- 
though swampy conditions restricted the subsurfam work Eo the 
northern plbrt of the terrace, the topography and horizontal bedding 
auggest tha t  the coal may lie at shallaw depth for mme diatanee south 
of the s ~ a a  mapped. 

Farther up Deep Cmk, at locality 3 4  a horizontal ma1 bed ex- 
p m d  in the sast c m k  bank containa at  least 5.8 feet of coal in 2 
benches saparated by a 6-inch parting. The bed is immediately over- 
lain by glacial p v d ,  sa an unknown thickness has been removed by 
erosion. 

A 5-foot bed consisting mainly of bony coal was tmced for half a 
mile along the baach bluff from the. base of the p v e l  south of locality 
55 to a point north of locrrlity 54 where it dips into the beach. At 
locality 55 a m n d  bed containing a h u t  3 feet of cwl is exposed 
about 35 feet lower in the section. 

A 3-.Soot bed is exposed about 40 feet above the h c h  at locality 66 
but descends gently northward. A thin bed of bony -1 I i s  about 
30 feet lower in the section. 

A bed containing more than 5 feet of coal wss traced h m  beach 
'level at locality 57 to the base of the p ~ e l  at lwality 58. A bed 



50 feet lower in f h ~  &ion is less than 2 feet thick at the brtse of the 
section at locality 58 but thickens to more than 4 feat a t  Imality 59. 

A 4.5-foot cod bed at the base of the bluff at locality 59 was tramd 
 wit?^ little change in thickness to locality 60. Although concealed ta 
the south it prasumably continues seveml hundred fmt farther be- 
fom being cut off  at the bedrock surface. 

A bed containing 2.5 fwt of coal is exgoasd near beach level a t  local- 
ity 60, but thins to less than 2 feet at a point 800 feet to the south. 

The ml beds expeed at localities 61, 62, and 63 am all less than 
2 feet thick. 

A &foot coal bed ww tmed for about 1,000 feet from beach level 
a short distance north of locality 64 to the base of the glacial gravel 
a h w  hundred feat muth of the tomship line. 

Plate 2 3  

The only coal of possible emaomic value mapped within the the- 
oretical boundaries of this unsurveyd township is exposed at local- 
ity 1'17 (PI. IS), at the head of a small west tributary of the Fox 
Eiver. Although 5 coaly wnas are expomd at this locality, in only 
2 of them is the coal thick or pure enough to be of possible value. 
T h e  low& bad in the section contains 2.5 feet of coal with 3 thin 
pmtings, and a bd 10 feet bigher contains 2 feet of clean coal, 

Although strata of the Kmai formation are exposed fox several 
miles farther northeast along the west side of the v d e y  of the Fox 
River, they mntain only a few scattered coal beds too thin to be of 
frhlue. 

T* 8 R 14 W* 

Althwgh seveml m l y  son- are exposed in the h h  bluff at lo- 
cality 65 (PI. IT), only 1 bed, about 40 fwt above the b h ,  is khick 
enough to be of value. This bed is 6 feet in total thichws, but only 
the lower part, including 2.4 f ~ t  of part1 y bony coal, probably would 
be considered minable, 

The only coal at locality 66 is in 3 beds each less than 2 feet thick. 
At locality 67 a 83-foot seam with a "I-inch parting is e x p d  25 

feet above the beach. At the mouth of Happy C& this bed is up- 
thrown about 6 f e ~ t  on the north side of rt fault, north of which it 
dips into the beach 

Prom locality 68 a 3.4-foot bed about 30 fest lower ia the section 
rim gently southward to ths top of the mction at locality 69, afkr 
being upthrown about 8 fmt on the south side of a fault just south 
of locality 88, 

A 4.5-foot ml bed wm traced betwean localities 69 and 70 and 
apparently continues about 1,000 feet further southwad before being 



out offat t h e k  ofthe-I. Abut eO'ht10wmin h d i m  
a 3,ifook bed, indudihg 1 thin parting, was t d  1,000 feet south- 
ward from locality '70. 

At locality 71 a bed containing 2.8 feat of d is expaeed about 
80 feet above the beach. 

Rate 27 

Locality 171 (pl, 18) is near the head of Moose Creek canyon on 
the north wall. In an incomp1~tely q u m d  sixtion of 530 feet (pl. 
19),8 -1 M s  were m ~ u d ,  of which only 3 am of pwsible value 
and nme could be correlated with beds to the west. The low& bed 
in the mtion contains at 1- 2.5 feet of clean coal, the roof being 
mncdd.  Abu* W feet higher ia a &foot seam with M Q B ~  thin 
partings. A 5.5-foot W containing mom than 4 feet of d with 
3 thin partings is about 100 feet below the top of the s x p d  section. 

At localities 112 md 173, on the north walls of we& tributary 
canyons of Fox Creak (pl. 18), several coal beds of minable thick- 
ness are s c a t t e d  through 800 to 900 feet of strata (pl. 19). As 
the dip is only 5" N., and the sections are at about the same altitude 
and only half a mile apart, all but the upper 90 feet of strah at lo- 
cality 1'13 should be mpmmte at lwlilty 178; however; no similari- 
ties in the 2 sotions were found to mggsst possible correlations, 
thus illustrating the extreme lenticularity that chnrachrizes the beds 
of the Kenai formation. Tha section at locnlity 172 indudas 5 . m l  

2.5 ta 4 feet thick, and the section at locality 173, 9 beds 2 to 
4.5 feet thick 

At lml i ty  174 a slide Bcwr on the west ~ i d e  of Fox C m k  exposes 
la 5-foot seam with 1 thin parting, underlain by several thin beda 

At l d i t y  175, four ma1 Ma containing 2.5 to 4.8 9eet of clean 
coal are exp& in a small tributary canyon. 

At lwl i ty  376, five Ma ranging from 2 to 5 feet in thiclrnm are 
axposed in the face of a steap bluff, 

Tm 1 Be, R 11 Wm (VPPBUR-) 

Plates 28 and 27 

SBveraI coal beds, including beds J to M, are axpod  in b l d ~  and 
csnyona along the northwest shore of hhemrrlr Bay between l d i -  
tics 169 and 167 (pl. I$), Beds E and I are exposed near the blsse 
of the section at locality 182 but are tm thin to be of value. 

Bed d at I ~ l i t y  162 consists of an upper 1.6-foot bench of clean 
coal separated by about 10 feet of siltstflne and cltbysbne from tr 
partly m n d d  lower 'bench containing at least 2 feet of bony 4. 
The lower bench of Id d is probably represented at locality 163 
by a pwtly wnw1ed bed containing at least 2 feet of cod. This 



and overlying beds are upthrowa about 90 fset on the northeast side 
of an almost vertical fadt htwwn I d i t i ~  162 snd 163. 

Bed K conhins at least, 2 feet of clersn d at locality 188 where 
only the lower part is exposed, bat it thins to less than 2 feet in total 
t h i h e m  &t ltxulity 164. Bed H w&s bntatively correlated with a 
&-foot bed containing about a foot of partings itt 10caIity 162, with a 
4.7-fmt bed at lmality 165, and with a 7-fmt bed containing semd 
partings at locality 166. 

Bed L is a double bdbed, with a 1- to &foot parting, that was traced 
with masonable mrtainty between lmlities 162 and 167. The upper 
bench is 2.5 feet thick at locality 162, at Iewt 2.5 feet thick rrt locality 
163 where the roof is conded,  haa hen burned at locality 164, and 
is 3.6 feet thick at locality 167. Elxiwhere both benches are Peas than 
B feet thick and therefore oonsidered ~aluelsss, except at l d i t y  168 
whe- because of a thin parting, both benches m l d  be m i n d  as a 
aingle bed mntainiag mom than 3 feet of ml. 

A b d  about 25 feet above bed S contains more than 4 feet of coal 
in 2 benches at locality 16'1, but it thins southwestward to I= than 
2 feet at lm1ity 188. 

Bed dl was identified at localities 163, 166,166, and 167, where it9 
thicknw rangas from 4.6 to at I a t  5.2 feet. The roof was concealed 
at Iwlitiea 183 and 166, and the entire bed was covered at locality 
184. Xt is marked by a burned w n e  st locality 182 and a short dis- 
tanm to the southwest is cut 0% at the base of the glacial pavds.  

A coal bed a little more than 2 feet khick lim 80 to  95 feet above 
bed X at localities 186 and 167. Thin bed is overlain by a 2.3-fmt 
ml bed at JwIity 166 and underlain by tt 2-foot bed at locality 
167. 

The lbeds e x p a d  at focalitlea 168 to 170, in the w a b  of Swift 
Creek canyon, are stratigraphically a b m  the beda e x p a d  to the 
south along Rachemak Bay. The stratigraphic distance between bed 
Y nmr the top of the section at locality 157, and bed N, near Qe 
baae of the section at locality 170, could not be determined rtmrately 
but probably is at I& 200 feet. 

Bed N contains 3.6 feet of clean coal at Io(u~lity 1m It was ten&- 
tively mdahd with a 7-foot m l y  zone near the b- of the m i o n  
st loedits 169 which includes 2.1 feet of clean coal at it% base. 
Bd 0 includes ody 2.5 feet of ma1 of minable thickness at locality 

168 bat at least 5.3 feet at IocaliQ 169, where the b&se of the bed is 
concealed. The pmbabla p i t ion  of bed 0 at l d i t y  170 is marM 
by a b m e d  zona 

Bed P ia 2.7 feat thick ~t locality 168, at least 3.2 feet at loculity 
169, and 4 feet at locsliQ 170. 

Bad Q is a double bed in which the mppr bnch L 6 f& thick, 
including 2 thin partings, at locality 168, at least 6.8 h t  rrt ladity 
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169, and 7 feet at locality 170. The lower bench, bdow 2 to 8 feet of 
daystone, is d bout 2 faet thick at dl 8 Iwditi~.  

Bed R was i d a n a d  only at locality 168, whem it con&ins nearly 
4 feek of clan maL 

Bed X cunsists of 4.4 feet of dan coal at l d t y  188, but at l d t y  
169 it is 8.5 feet thick, including 1.2 feet of daystone in 5 pnrrtings. 
Bed S is not e x p o d  at locality 17O1 as it ig atratigraphically higher 
than the top of the mtiun. 

Bed T at locdity 169 contains at last 3.2 feet of -1 in 2 benches 
sepamtd by a &inch parking. I t  was tantatively correI~ted with 
a 3-foot bed with 2 thin partings at 1ocltlit;Jr 168. 

Bed U contains 5.8 feet of clean 4 at locality 169. It appamntl J 

thins abruptly northwestwad, as its expected position at locality 168 
is marked by 3 thin coaly bed% Two %foot coal seams are e x p d  
higher in the section at locality 168, #B lower one of which is alsa 
exposed at locality 169. 

None of the beds exposed on Swift Creek ware recugnized farther 
east. 

T. 4 s., 81. l a  w. 

Plate 22 

T h e  only coal exposures in this township are at Iodities 72, 78, 
and 74, where a th in  double bed wws traced dong the beach bluffs for 
about half a mile. At locaIity $2 it contains 8.5 feet of coal in 
a total thickness of 4.5 feet. At locality T3 the lower bench cantaim 
about 2 feet of coal and the upper bench about 1 foot, separated by 1.4 
feet of daystone. At locality 74 the upper bench has been eroded 
away and the lower bench contains less than 2 feet, of coal, 

Plates 25 and 26 

Bed D is about 40 feet above the beach at locality 148 (pl. 181, where 
it ia 34  feet thick, including 2 thin partings, but b p s  to beach level 
near locality 149, partly as a result of dip and partly as a d t  of 
faulting that dropped it 13 feet on the northeast Bide. At locality 
149, 3.2 feet of coal is exposed, but both the r o d  and door are 
concealed. 
Bd E was traced with few interruptions from locality 1P8, be- 

tween McNeil. and Cottonwood Creek, to 1mIity 169, w& of Falls 
Creek. In this interval, bed E and all overlying M s  lare cat by a 
series of steep to vertical faults (see section on plate 18). At 
locality I48 bed E contains almost 5 feet of clean coal, but at locality 
149 it is represented by s &foot coaly zone with no coal of minable 
thicknew, unlm the partly concealed upper benuh is more than 2 
feat thick. At locality 160 an upper bench contains 2.1 feet of clean 



c 0 4  but northeastward as far as locality 151 the entire bed is too 
thin to be of valna At localities 152 to 156 bed E contains 2 to 3 
fee& of coal, bat st locality 157 it is split into several thin benches of 
no value. The, partly e x p d  upper bnch shows 1.6 feet of ma1 at 
l d i t y  158, northat of which it dips into tb beach. 

Bed F is less than 2 feet thick at l m l i t i ~  148 ta I61 bat cuntains 
2 ht or more of coal at  localities 162 and 153. It is burned at l w I -  
ity 154 and thin at locdity 1B5, but at localities 156 and 157 the 
upper of B benches conkins about 2.5 feet of cad. Bed P was 
haad to the mouth of Falls Creek but nowhere northmt of locality 
157 is it of minable thicknes,. 

Bad Q contains 2.2 feet of coal at locality 159 but thins to less than 
9 feat in both directions. 

Beds 1P and 2 and an underlying bed each contain about 2 feet of 
coal at locality 161, but they all thin northeastward ; howaver, bed I 
is pwibly represented by a double bed at localiQ 160 on Falls Creek 
containing 2.4 feet of coal .l the lower bench. None of t h e s ~  M s  was 
identified in the beach bIuRs southwest of lmlity 161. 

Several coal beds 2 feet or more in thickness are exposed above bed 
P in the W p  bluffs btwmn M a d  and Falls Creeks, but they are 
a-ible at only a few places and none of them could be followed 
dong the outcrop to check their correlation. These include a 2-foot 
bed and a 2.5-foot bed .at localities 149 and 150, B 2.5-foot bed ab 
I d i t i e s  152 m d  153, a 2-foot bed and a bfoot bed at locality 166, 
and 6 M a  ranging from 2 to 5 feet in thickness at locality 157. One 
uf the beds at locality 157 may ba cornlatin with bed 6, which could 
not be t r w d  muthwest of I d i t y  158. 

Bed J is probably represented at  locality 158 by a bed containing 
4 2  feet of coal. At locality 159 bed d contains 2.5 feet sf clean md. 
A bad tenhtively identified as J at locality 160 on Falls Craek has 
2 bencheg 1.5 feet apart containing 2.3 and 3.3 feet of partly bony coal. 
At locality 161 the upper bench of bed J is less than 2 fmt thick bat 
the lower h c h  contains 2.9 feet of clean coal. 

Bed K was tentatively idenkifid at 10caIity 160 as a bed containing 
3.4 feet of partly bony coal. At locality 161 it is 4.7 feet thick, in- 
cluding a &inch parting. 

Bed I; and an omlying bed &re present at locality 161 but their 
oubmps me burned. 

T. P. II* 1 1s a. 

Plat= 24 and 25 

At locrality 183 (pl. 18) at least a dozen coal beds are exposed in s 
short canyon that indents the Homer eacrtrpment, but only 3 of them 
contain as much a8 2 feet of cod. A 2.7-foot bed lies new the middle 
of the measured section, and, W s  containing 2 and 22  feet of ma1 are 



e m  near the top. All these beds are thin or abaent at l d t y  
134, in the next canyon to the northe&. 

Mimy thin d beds am pment in the mtion at localitg 134, but 
only 2 near the base of the section, containing 2.7 and 3.2 feet of wd, 
are thick enough to be of possible value. The probable continuations 
of thm 2 beds at locality 133 are thin and worthless. 

At lmlity 136, on Fritz C m k  abut  half a mile north of the d 
crowing, a bed at least 2.8 feat thick is partly s x p d  in a small strip 
pit. 

At locality 138 a b d  containing at least 9.6 feet of coal is exposed 
n w  the top of the beach bluff. Northeast of the =tion lccality the 
bed is upthrown about 50 h t  on the northeast aide of a vertical fault, 
beyond which it was t d  down the component dip to the base of the 
mtion at locality 129, where it is 2.7 feet thick. 

Bed A, with an average t h i c k  of about 3 feet, was t m d  from 
ths top of the section at localiQ 140 along the beach b l d  to the base 
of the wtion at locality 142. It is upthrown 10 feet on the north& 
eide of a fault near locality 141. A 2-foot coal lies about 140 feet 
belaw bea A at locality 140. 
Bed B, known as the Curtis mam during early mining operations, is 

at least 3.6 feet thick at the top of the section at locality 142, where the 
m f  is concealed, and at least 5 feet thick at bach level at 1-lity 
143, where the floor is conceded. Wmk of lmdity 143 the ma1 is 
downthmwn 36 fmt on the northeast side of a vertical fault. dust 
west of the hulk am tram of two short tunefa driven on this bed by 
early-day miners, and atat of the fault the ma1 ha9 been bmed 
ahnost to locality 143. 

Bed C at locality 143 is abut 100 feet abom t h ~  bmch and n w l y  
4 feet thick, with a thin parting near its canter. At locality I44 east 
of McNeil Creek its position is marked by ~c b m e d  mne, but at local- 
ikies 145 and 1443 it appears nmr the beach as a &foot bed, inohding 
3 mdy shale partistings 1 to 5 inch- thick. 

Bed D mas traced from an altitude of abmt 150 feet at Jodity 143 
to beach level at locality 147 with a thickrim ranging from 3 to 4 h E .  
Beds C rand D have been burned at locality 144. Northeast of locality 
147 bed D is upthrown ahmt  80 feet on the northeast ~ i d e  of a south- 
wmtw~rd-dipping fault, beyond which it continues acrm the -- 
ship line to locality I49 before disappearing below beach lemel. 

Bed E is not prmnt we& of McNeiI Creek but appears about half 
way up the bluffs at localities 144,146, and 147, where coal thich- 
of 3.8,3.5 and 4.8 feet were memnmd. Bed E is a h  upthrown on the 
northeast side of the f anlt near the township line. 

A bgs that lies 40 to 60 feet ahva  bd E at localities IM, 148, a d  



147 may be the ~ a m e  as bed P farther northeast, It is n double bed 
with a thin and diay lower bench and an upper b c h  containing 2 to 
2.6 feet of clean coal. 

At ImaliQ f 44 t h m  Ma more than 2 fmt thick overlie bed F( 1) .  
The 25-foot bed at the top of the sections at Iomlitis 146 and 147 is 
p d b l y  correlativa with the middle M of the t h  above bed PCP) 
at l d i t y  144 (pl. 26). 

Plate 24 

At loeslity 119 (pl. 181, on ths northwest bank of the Anchor River, 
a partly concealed bed mntahs at least 2.6 feet of bony cod. 

The 3.9-foot ma1 bed at locality 92 in the adjoining township has a 
northwbst dip and extends into the southwest corner of T. 5 SS, R IS W. 

At locality 124 on the southeast slope of Ohlwn Mountsin, a marly 
horizontal bed partly exposed in a small gully contaim rtt least 2.7 
feet of coal. 

At l r t y  321 a partly expomd Bed nem the head of a minor trih-  
tmy of Fritz Grmk contains at least 2 feet of coal and bony m L  

At locality 130 a 2.4-foot kd of clem coal is exposed at the barn 
of the e x p s d  section in Waterman Canyon. Ahut 80 feet higher 
in the section is a 2.7-f mt coal bed that is pmhbly correlntive with n 
%foot bed at the base of the ~ection at locality 129, in the next canyon 

the southwest, 
The Woodman bed was originally idmtifid near the bead of Bear 

Canyon, at locality 126 in T. 6 S., R 13 W, It is probably rapresanted 
st localities 129 and 130 by a bed containing 2.7 to 3.0 feet of clean 
oo&l. 

A 3.5-foot coal bed 33 ht below the Fletcher bed at locality I29 
was tentatively c o d a t e d  with a 2.3-foot bed 37 fmt below the 
Flstcher st locslity 130. 

The Fletcher M, orlgnally identified as the top coal b d  at local- 
ity 197, is probably mpres8ated at locslitiea 129 and 130 by beds 2.4 
and 8.0 feet thick Two overlying beds at thm localities contain less 
than 2 feet of coal. 

At locality 131 at the head of Waterman Canyon, some strip mining 
has been done on a ?-foot coal bed that contains several bony partinga 
and lenses. 

' r . a e , R 1 1 W *  

Plate 2a 

At E d t y  91 (PI. 18), on the aontheast bank of the Anchor Rieer, 
5.6 feat of partly bony m l  immediately underlim glacial gravet The 
bedding of the cual is horizontal. 
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At loealitp n2 a 3.9-foot cod bed is exposed in mb shallow gully. As 
the dip is northerast this bad underlies only a small area in the south- 
east corner of the township. 

T*8&BlSWm 

Plate El 

The only h o r n  d kwh of p&SIe value in thh township are 
e x p o d  in the beach bluffs southeast of  Tmubl~sorn~ Creek. Two 
beds, each oontaining about 2 feet of coal, am exposed at locality 75 
( 1 8  About a quarter of a mile to the southeast both beds are cut 
by s zone of faulting near the crest of an anticlinal foId, beyond which 
t h q  were h c d  to locslities 76 and 77. The upper bed, containing 
2.5 to 3.5 feet of coal, is exposed about 50 feet above the beach at local- 
ity 78 and at beach level at locality 77. The lower bed ia less thsn 
2 feet thick at locality 76 but contains at least 2 feet of coal with a 
few thin partings at lmliQ 77, where i t  crops out about 20 feet below 
high-tide level. 

At locality 78, a 3.8-foot coal bed, including a 6-inch parting, appears 
beneath the glacial gravel, and a 3-foot coal bed with a few thin part- 
ings is exposed near beach level. In addition, 3 coal beds 2 to 3 feet 
thick, probably including the 2 at Imality 77, are exposed well below 
high-tide level. 

A bed containing at least 3.7 feat of coal with a few thin partine 
is partly expoad beneath the gravel at locality 79 and is fully ex- 
p o d  about 15 h t  above the beach at locality 80. At locality 79, 2 
coal beds more than 2 feet thick, one of which may ba the bed ex- 
pos& near beach level at locality 78, are expowd below high-tide level. 

A multiple bed containing abut 3.6 feet of coal, in 8 bonches sepa- 
rated by 2- to 6-inch partings, crops out just below the gravel at locali@ 
80, abut  15 faet above the beach a t  locality 81, and at the b of the 
p v e l  a t  Imdity 82, 

.I: B IR* B I* Wm 

P l a b  25 

!t%e only ma1 of paarible d u e  found in this fractioml township 
is at Iacdity 136 (pl. 181, west of the mouth of Fritz Creek, where 
abut  2 feet of coal is exposed in the low beach bluff. It splifs and 
thins to a worthIes8 bed a short distance east of Fritz Creek The 2 
coal beds m& at locality 137 rrm toa thin and dl* to be of value. 

TA 6 8.. R l a  W. 

mat@ 24 

The 3.9-foot coal bsd described at  locality 92, in T. 5 S, R. 14 W., 
probably underlies a smaII &ma in the nerkhwast corner of this town- 



ship IE; lnag be mpr~lsented by f of 2 thin beds exposed in a gully 
in the Wx SWL 5. 

Many wl beds are e x p o d  in the bottum and wdls of the ~hort 
canyons and gullies that indent the Homer escarpment but because 
of mmkd lateral changes, lwk of recognizable key beds, md cam- 
pleta mssEdng of the beds on the intervening slopes, very few mdd 
be cmmlatd &from canyon to canyon. Therefom most of the out- 
cfops, except those that could be wml86ted between two or more 
csnyms, are described by localitias rather than by beds in the follow- 
i"g P = ~ P ~ S .  

The section at locality 122 indudes 5 beds containing 2 feet or 
mom of coal, only 1 of which is completely lexpwd Thia bed m- 
taim 3 feat of ml in 3 benches separated by 2- to Pinch partings. 
T h e  top bed at this lmlity is the Cabin bed, of which only the lower 

. 2 feet, consisting of bony ml, is exposed. Thia is 6 feet thick 
at 1mTity 117, about a mile to  the west, and contains 5 feat of con1 
wit11 an $-inch parting ~t 1~1~8Gty 123, less than haIf s mile to the 
mst. 

The section at lwlity 123 mntains 6 d beds of possible value in 
a total thickness of 370 feek These indude, in addition to toe Cabin 
bed, a partly exposeci bed containing 3 2  fmt of coal divided by tc 
12-inch parting, 2 partly concealed beds at least 7 feet and 4.6 feet 
thick separated by 4.6 feet of rock, and 2 beds about 2 feat thick* 

At locality 124 the section ineludes 2 pady  concealed beds con- 
bining at least 2.5 and 3.6 feet of coal and a higher a-foot bsd. 
The beds at this 1 ocali ty upthrown abut 50 feet on the northeast 
side of a northwestward-trending fault. 

At locality 125, in a 8hallom gully near the "a& hill road,'" feet 
of ml was measured in a partly concealed Id. 

At lwl i ty  126, in Hear Canyon, 8 cod beds containing 2 feet 
or mom of coal were msnmred in about 760 feet of s t m k  The 5 
lower coal h d s  in thia section, ranging from 2 to 5 f& in thicknq 
were not recognized farther northeast, The second coal bed below the 
Woodman, although only 2 feet thick at this EocaliQ, is b e l i e ~ d  to 
be the same as the lowest of 3 closely spmd beds at the bottom of 
the section at locality 127 that contain, in dmnding order, 1.8, 2.9, 
and 3.0 feet of cmI. Tho fimt con1 bad below the T'EPoodman is 2.7 
feet thick at locality 126, 2.4 feet st locality 127, but only 1.6 feet 
at lwliky 198. The Woodman bed is at least 3 feet thick a t  locality 
126, 2.7 feet at locality 127, and 2.5 fee% including 2 thin partings 
and some bong ml, at lmlitg 128. 

The 3-foot d with 2 thin partinlgs 67 feet blow the Fletcher 
bed at locality 128 probably is the srtme as the 3.5-fmt bed 33 fset 
blow the Fletcher at locality 129. This bed is not prosent at locaIity 
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127, whem ita place in fie &ion ia occupied by rt thick 
bed. 

The Fletcher bd, 2.5 feet thick near the top of the m i o n  at lo- 
cality 127, thins to 2.2 feet at l-lity 128. It d d  not b trsOBd 
a o n t h w e s t d  with any assurance, but m y  be r e p m t 9 d  in Bear 
Canyon by the partly mce~ltled bed showing 1.7 feet of d at the 
top of the section at lacality 126, which is abut the sanw dktmca 
a b e  the wood mu^. 

At locality 128 a double bed 167 feet a h  tha Fletchm mf&w 
s h u t  3 feet of m 1  in 2 benches separated by lcm than a foot of mEy 
shale, 

The beds just of locality 127 are npthmwn n h t  40 feet m 
the northeast side of a, northwestward-trending fault. 

At locality 132, on the b h  1 mile south of MiIIers Landing, a 
mtion exposed in the beach bInffs bclndes 6 M s  containing 2 to 6 
feet of msl. Thege M s  dip gently northward, and thorn at the 
northern part of the metion are cut by a northwwtward-tmding 
fanlt in which the northeast side was upthrown about 10 feet. 

mates 22 and 2& 

At locality 85 (pl. 18) the section in the b h  bhfl includes a 2.4 
foot coal bed nrm the baach, a cImXy overlying 4.6-foot bed, and s 
2.5-fmt bed with eroded roof beneath the gravel, es wen trs 2 thin 
dirty be&. The tap bed at locality 85 was traced to a 3.5-foot bed 
with a Linch parting I& feet above the ha& at locality 8%. The 
section at locality 88 also includes be& with abut 4 and 3 feet of coal 
75 and 100 feet above tha beach. 

The section at locality 87 includes a Bdoot bed of partly bony ma1 
m d  2 thinner beds. 

At lomlity 88 s 4.2-fwt oo&I liea I75 feet above the beach. A 
M about 40 feet higher, containing 3.4 feet of ma1 in 2 benches, was 
tramd t~ a 4.5-foot bed at locality 89, mst of which it qlits into 2 
I d s  1.3 and 2.2 feet thi& sep&~ihted by 3 feet of c l a w n e  at l d t y  
90. This we. bed was visible in an inaccesgible die west of locality 
88, where it was sstimatad to be abut 5 feet thick. 

At locality 89 a 'bed a h t  300 feet above the bsoh conbins mare 
than l5 feet of coal in 2 h c h m  separrtbd by 1.8 feet of claptona 
The bed was h c d  at a h t  tha same I e I  to locality 90, where it 
contains at least 6.2 feet of m l  with 1 thin parting, the roof being 
conmaled. 

At lmlity lQ7, the westernma m e d  exposure of the Cooper 
bed liw about 600 feet abow the beach on the south &a of Bluff 



Point. A bed containing 8.8 feet of 4 ia exposed mom than 200 
f& ubve  the Cooper. 

TFm Caoper b d  was t r a d  almost ccintinno~t8Iy along the faca of 
the bluffs back of the big landslide a m  between localitia 107 md 
115, and along the beach cliffa from E d t J r  115 to the Homer Coal 
Corp. mine near the east township h n n d q .  T h e  thicknem and 
charaetar of the Cooper b d  throughout this distance of more than 
3 milea are shown by the detailed sections on plate 23. 

At locality 117, six cosl M s  ranging from 2 to ti feet in thickness, 
as well as many thinner beds, are distributed through ahnt 900 feet 
of strata, Of these, beds 1 to 5 are e x m  in the h c h  blafls, and 
the higher M s ,  including the 6-foot Cabin bed, are exposed in the 
M of 13id~rki Crsak. 

The Lofgren k d  undercea a broad, flat-topped ridge in the north- 
& corner of the township. Its outcrop wm t d  along the north 
side of the ridge between localities 93 and 100, and amand the west 
and south sides between localities 93 md 106, where it 1ws a general 
dip of about 5" NE. The bed shows marked changes in both chnrac- 
Eer and thickness from place to place ( pl- 231, ranging from a single 
bed containing 2 to 2.5 feet of ma1 tm s multiple bed 6 feet or more 
in thickness including severrrl m l y  shde pmtings. At several locali- 
ties the full thickness of the bed is not expmad, but the aversgg ma1 
mntant appears to be about 3.5 feet. 
The %foot bed st loeality 103 probably clmly overlies the gently 

northengtwurd-dipping 1 ~ f  p e n  bed. 

At locality #3 (pl. 18) 4 fwt of coal in tr partly eroded bed is exposad 
beneath the gravel 25 feet above the beach. This bed was telltntively 
mmlakl  with similar M s  at localities 82 nnd 84, but as i t  is largely 
d e d  at intermediate points it probrtbly underTim a very small area 
h the tomnsllip 
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