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GEOLOGY OF THE ~ T H R A C I T E  RIDGE eoAL 
DISTRICT, ALASKA 

The anthradte Rldge  cml district Is ln sonthmtral Alaaka, about 200 milen 
by raU and Pall from tbe conat at Sewnrd. The district Hea b~tween ~ n t b m -  
dte Mdge on the narth and the Matanmka River on the mth. It h nbont 
4 miles wIde and extends for 7 miles aIang the flank of the s i d e  

The earliest geologic exploration in parts d the region wau made by W. O. 
Mendenball, of the United Stat= Qeologlcnl Survey, in 18% Exnmlmtlm and 
mapping was carried on at several later p@rlotls by gealogbta and topographers 
of the Snrveg. mrlg In 1W1 Congress aathorlzcd the Alaska Railroad, whl& 
is Government owned and operated, to @e*gt?ntI not more than $250,000 for 
Inmtlgatlng the mineral remurm in awns tril~utary to the milroad, for the 
pa- of stlmnlattng their development and hence InmnsIng the trafac and 
the mennes of the milmud. m e  technical work of carrying. on these inpeati- 
gatIona W a 8  eatruRW by Col. 0. F. OhEmn, general manager of the r a i h u d ,  
to the  Un iM Stat- Geological Suwey. 

One of the areas eramind waa the Anthracite Ridge dlstrlct, where in 1931 
a detalled gmloq@c* and topographic survey of the lands of chief coal interest 
w a ~  made bg R, W. RLcharcle and L. 0. Newsome. 
The order r m k ~  of the dlstrict are overlain by the coal-bearing Chickalcm 

formaidan, mnalstlng of fresh-water deposits of Eocene age: and t h e e  are 
intruded bp sllla nnd dikes of fgnmus rwk. 

RtmctnraUy, the dlstrict mnsi~ts of a block formed of thee Eledfments and 
intrmive rocks, faulted down between the  ridge and the river nod limited on 
the enst and west by beds uptorued armmd the ends of a general ~ynccllnal 

C! tmngh. WftbIn this sgncllne there iet minor folding and faulting. Along the 
&, mlddle alopm o t  the rid- the mrRcia1 strnctnre is that of two minor nntIclim.nes, 

whlch are In p law sharply compressd and locally faulted. This northern 
folded zone is cut off by a fault along the base of the ridge, marked by cliffs 
and waterfalls. The gone thence southward toward the d ~ e r  16 In the  malu a 
broad spncllne, but It  contains a Sew minor snticlinal folds and slice faults. 

-1 Mda are emosed In three main areas withthin the  dfstrict-nt the north, 
on the central part of the ridge; at the east, in the bn8In of Muddy Creek; and 
at the soathwek, along lower hrlnton Creek 

About 90 coal outcrops In the district u7ere examin@, and numemus geologic 
Pectione were measured and mpared. All the coal bed8 nre of morlemte 
-tent. Some pin&-ont, and otbw grade .wIthln short distances into sbalea. 
'The obwrvattons on the structure of the rwks tndicnte that them am ff~ree 
mal-krlng mnm, all low in the Cbickalmn formatfan, 

1 



2 GEOLOGY OF ~ I L I t b ~  IUDGE GOAL DTSTBICT, U K A  

The thicLent beds, of coal, wbich are aleo Umia of hWest rank, are in 
the northern area. The principal beds there are In the hfghat zom and in 
two e m n m  &ow SQ and 24 feet of dean coal, but this Is considerably slut- 
tered. To the east and w e t  this coal sone thins rapidJy. The middle zone 
fie about EQ feet deeper and locally shows coal and bone ae much as I0 Iet 
in thl~kmm. Wwtward thts zone thins rapidly, b u t  eastward it thick- and 
 contain^ several beds of Coal. Thin  m e  seems to be or 700 feet above the 
base of the Chlckalmn formation, which overlies marine deposib of Upper Cre- 
taceous age, The lowest coal zone Is not. present in this area. 

Ther~e -Is are aemlanthraClte to anthracite, having been altsred fmm coala 
ol Ioww rank Probably thfa chang#.wae p d u c e d  chiefly by heat from the 
IntmdWg masses of igneous rock, which drove off m e  of the volatlIe matter 
from the coal. The heat reeultlng from the later compmdon and folding or 
the beds may a h  in some ptnces haw been an agent io thelr altemtlon. 

The coal bedrr of the eastern arm belong malnly to the mlddle m e  zlnd 
conalst M four or five beas with a total of abmt 10 feet of coal ln a M) 
iw Wck. Although theae coals have been In pIltcee~clmly folded, they mve 
oot been appredably altered find are of bltnminoas rank. On middle Muddy 
C m k  the loweat coal zone is expo~ed and mnslsts of a &foot bed of bftaminona 
doar 140 feet below the middle zone. 
In the muthmt area there are abut a k  ml W s ,  dlstrlbated through a 

thlcknem of nearlr 400 feet of &sediments. The nppermoat M 8eem to be 
about eqtrimlent to the upper m l s  of the northern a m ,  and the othera 
accord npprodmatelg Mth the middle and lower ma1 m n e ~  n e s e  aouth- 
m t e m  maE8 are Mtmninona to e~emibitnmtnimn in rank. 

Although the stadia tndlmhd that the outcropping M e  of coat am not af 
great economic importance at p-t because of their irregolar character 
and broken condltton, evidence was obtained which Indicated that the high- 
rank m l e  might be p-t, less broken aad of great potential value, h e a t h  
the mcllnal  area south of the prIndpaI onkraps. This area W&S tmted la 
3 832 by e l ~ b t  dfamond-drI11 hole, a total ot 8,000 feet being core drilled. 

ObaerratSom on the drp of ttie fitrata indicated that the horizon of the 
anthracite would be found at a depth of 1$@0 or l,W Pmt. The d ~ e w t  boEe 
reachd c11.820 feet It penetrated numerous M s  of black shale containing 
plant remnina, and between the depths of 1,300 and 1,850 feet there were wv- 
era1 l a m  of carhnaceoas shale and small amoantg of ma1 gas, but m, ~ a l  
otl~er than veinlet8 If32 to 118 inch In tbiclcnelis was found. None of the 
other drill holes encountered coal beds, though -1 vein let^ In tbe shale, and 
fragmwm nf coal in the mndntone and conglomerate were found at  many 
horimne. During the wriod or periods of coal deposition the p-t 8ymlLnal 
area apparently waa not an ama in which coal was formed. 
Except for a few IoCnlIg alter4 lenses, all the known coal oi anI3mdta 

rank in the dlstrlct Is  conherl to an area b ~ l f  a mile long and a qnarter of 
a miIe wide, on the south flank of the ridge. This area is folded and banlbed, 
and the coal beds are much shattered, with InclnrtInna ol bone and shale and 
fatmioms of igneou~ rwk. The amount of con1 In the most promising 20 
acm .of thla area bas been estimated nt m0,0DD ton#. m e  tract I ies  
on the side of the rid~e,  2,MIO to 8,000 feet above the H ~ e r  and nearly 20 
miles from the former mllmd terminus at Chlcgalaw. 

All the other bed8 of workable thicltnw in the d m c t  are of olmibltn- 
mIaoos and bitumhonrr coals. Thelr outmop are of rnaaR mt. and the 
beds are so irregular in thicLness that estlmatm & amllable tonnage cannot 
be made on tbe b a d  of present Inrormstlon, Much dehlled prmp3lng mp 
plcmented by trenching and core drrlllng would be necwary  tor this purpose. 



Chemical an-  how that none of t h ee  m i d  have appxinble fuel &- 
rmtage over the more a-Ible depodts being mined in the weatem part 
of the Matannska Valleg. 

Although the district probmbly conkaha wveral mtlUod tW of bibminoaS 
(foal, In addition to the 7t@,000 tons of anthracite and 8emIanthradte, the bwla 
are brokw and irregular in thickness, and much deaa work wonld be involved 
fa rninbg. Local demand is sm small and othcr mnrltets are so remote that 
attempts to produrn coal from the dtatrict in competition ~ 4 t h  mom acceeelble 
m a s  is not warranted at the present the. 

* 

INTRODUCTION 
LOCATION AXD EXTENT 

" - The Anthracite Ridge coal district is in south-central Alaska, on 
tho  nor& side of the valley of the Matanuska River, which emptias 
hb the northe& arm of Cook Inlet. (See fig. 1.) The district is 
most easily reached by the Alaslra Railroad, which Bas s branch line 
h m  Mrrtanuska shtion, near the mouth of the river, 160.7 mil@ by 
mil from the seaport at  Sew&. The b m c h  line axten& eastward 
dong the north 'bank of the Matanuska River 19 miles to Hutton, 
and thence it is nearly 19 miles further along the abmdoned mil- 
road 'bed fo the former rail terminus at Chickdoon. FromChicka- 
loon it is about 18 miles by trail eastward to the center of the Anthra- 
cita Ridge district. 
Ths district consided in the p ~ a t  report is limited by Anthra- 

cite Ridge on the north, the Matanuska River on the south, Pmk- 
saddle Gulch an the east, end Sawmill Creek on the west. This area 
is  hut 4 miles wide and extends for 7 miles dong the front of the 
ridge. Its position with ~egpect to the former mil terminus a t  Chick- 
aloon and the coal deposits there is shown on plab 1, and the geology 
of bhe district i~ shown in more detaiI in plates 2,3, and 4. 

The first geologic axploratian of the &tan& Valley was made 
a .  
T- in 1898, when it was traversed by W. C. Mendenhall,.of the United 
-.. - - States Geological Survey, attached as geologist to a military e#- 

tion in charge of Capt. Edwin F. Glenn, Twenty-fifth Infantry, 
5 United States Amy. Mendenhall's reports includes a topographic 

map of the region and descriptibns of the; geographic and geologic 
featuresl. 

The coal deposits of the Matanuska Valley, including tho% of the 
Anthracite Ridge district, were hastily examined by G. C. Martin 
in 1905, and his report a contains measurements of the con1 beds and 
analyses of representative samples. 
.- 

lYcpdePbat1, W. 6, A recaanalesance from BeaormMw Bay t o  the Tnntaa Rlpcr, 
Aluaka, In 18W: 0. I, O W .  survey 20th Ann. Bept., pt. 7, pp. 28-0, 3000. 

*Martin, 0. C, A recoenalaaaew, of the  Matanuska fnsl field, Alankn, in isD6 t U. 8, 
Wl. Survey Bull. 289,1QM. 
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INTRODUCTION 5 

The region was visited in 1906 by a p r t y  of the Geological Sur- 
vey in charge of T, G. Gerdine, topogmpher, with R. H. Sargent, 
topographer, and Sidney Paige and Adolph h p f ,  geologists. The 
geologists' report a described in some detail the Mesozoic and Tertiary 
r d r s  and was accompmied by a map showing their areal distri- 
bu tion. 
In 1909 a topographic survey in charge of R. H. Sargent was car- 

ried out in the lower Matanuskn Vsllay, and in 1910 a detailed 
rn geologic survey of that area, was made by G. C. Martin and F. J. 

Katz, assistd by Theodore Chapin. The report on this work4 was 
published in 1912. 

? A detailed topographic map of part of the Mstanuska Vatley 
lying east of the area previously mapped was made by R H. Sargent 
in 1913, and geologic studies were made in the same year by G. C. 
Martin and J. B. Mertie, Jr., assisted by R M. O~erbeck, Bpecid 
attention being paid to the coal deposits. A preliminary report an 
this work" was pu1)lished in 1914, ancl work was begun on a more 
cletailed repurt but was dcl~yed by conditions due to the World War. 
Meanwhile the raiIroad hati Geen exknded to ChicksImn in Odohr 
1917, and cmal mines, primarily for the railroad nds, had been 
developed in the lower part of the valley. In 1917 M a h  revisited 
the area, and the r%suIts of his observations were published two 
years later. In 191S19 T%eodore Chapin made studies of the h c -  
turn of the coal beds, and his work was published in two reports.7 

From Jnlg 1, 1920, to April 30, 1922, the Kavy Alaskan Coal 
Commission did ~xploratory work on the coal beds at Chickalmn, 
and the final: report on this w o r e  by Capt. W. B. T. Hill, includea 
studies and recommendations by himself and his assistants, T. E, 
Savage and W. T. Poran, concerning the coal deposits in the Anthre 
cite R i d p  district. 
In 1924 S. R, Capps, assisted by B K. Landes, spent several weela 

in the region, studying especially the geology of the Anthracite 
4 Ridge district and of the Chugach Mountains dong the south sida 

of the Matanuska River. The report covering this workP includes 
.-A 

*Palge, aldner, and Knopf. Adolph, Geolodc wronnaia~ncc in the Matnnnnkn arid 
TaIkeetna Banlna, Alarka: U. 8. Qeol. Survey Bnll. 327. 1907. 
' Martln, 0. C., and Rat%, F. I., Geolorry and coal fielea of the lower Matanunka Valley, 

Alaska : U. S. Oml. Burveg Bnll. KOn, 1912. 
nMnrtln. a. C., and Yertie. J. R., Jr.. Mfneml reslcnms of the upper Matanuska nod 

MaJelchina Valleya; U. 8. Geol. Eumey Bull. 682, pp. 2'13-299. 1911. 
Martin, 0. C., G m l o ~ l c  problema at  the Matanuakn coal mhm: U. 8. W. Bnrwgt 

Rull. 082, pp, a f l S Z A 2 ,  IQl9. 
7 Chnpln, Theodore, Mlnina developmentat fa tbe Mntnnuska cml fleld : U. I. QeoL [.furmy 

BUR 712, pp. 1x1-187, m o :  sun.  714, pp. 187-~ga, 1921. 
Hill. W. P, T., BTnul rep~rt o t  the Nary LUeaktrn Coal Cornmlndw to the Secretary ot 

the Navg, 1022 (manuscript). 
*Cnppe, 8. B., Geolom of the npger MatmunAn Valley. Alasha wlth a seefion on tbe 

I ~ M U R  rockn, by J. R. Mertle, Jr. : U. 8. Geol. B u m y  Bull. 791. 192T. 



a h  much previously unpublished infomation obtained by f i r t i n  
and Mertie in 1913 and by Cnapin in 1918-19. 
In 1930 a special committee of the United States Senate, composed 

of Senators Howell, Kendrick, snd Thomas, visited Alaska in order 
to study the problem of increasing the revenues of the railroad, which 
is owned and operated by the Government. Through their recam- 
mendations Congress authorized the railroad to expend a sum not 
to exceed %260,0&3 for investigating the mineral resources in aRas 
tributary to th* milroad, for the purpose of stimulating their devel- 
opment and hence increasing the freight and passenger traffic. The 
technical work of carrying on thee invmtigations was entrusted 
by Col. 0. F. Ohon ,  general Manager of the railroad, ta the United 
States Oeokogicd Survey. 

As one part of these examinations a detailed study of the coal 
deposits of the kntbracite Ridge district was mdu9e in 1931, with 
R. W. Richards ils geologist and L. 0. Newsome as topographer. 
During the second half of the season G, A. Waring assisted in the 
geologic work. The preliminary results of these studies have hen 
published.'Ulthough they indicated that the onlropping coal beds 
are not of great economic importance at present, bec~use of their ir- 
regular character and broken condition and the low rank of most of 
the coals, evidenca wms obtained which indicated t h ~ t  high-rank co~ls ,  
less broken and of greater potential ~alue, might be found under- 
lying an area to the south of the principal outcrops. It was amod- 
ingly decided t~ test this area by core drilling. .This work was 
carried out during June to Demmber 1932, and the results are 
contained in the present rep* which dm includas detailed geologic 
studies of the preceding season and the detailed: topographic map by 
Newsome. The earlier reports on the region have been freely drawn 
upon for information on the general geolom. 

During the season of 1932 Mr. T. N. Scatt ably assisted the writer 
as  corder far the core drilling and as field assistant in p 1 o g i c  
work. Mr. P. H. Rart acted = cook, and for part of the seamn 
Mr. L. A. Oules was packer, this work later being done by M m .  
B. B. Umk and Lee Harrison. Mr. and Mrs. R. S. Rechy, at 
Chickalmn, were of great assistance in many ways to both the 
geologic and the core-drilling parties. 

The core drilling was done under contract by Lynch Brothers, of 
aeattle, Wash., and owing to the untiring energy of their drill 
foremsn, Mr. John Flink, the work was satisfactorily mmpleted in 
spite of variow difficulties. 

Bicbarus, &. W., and Warlng, a. A., Progresll of mnmeyu In the dnthmte R f d p  die 
trict, Alnrrka: U. 8. Geol. b m e y  Ball. 840cA, 1038. 



Ssmples of cop1 from the'distriet were analyzed by Mr. Meuriae L. 
map, chemist of the Unitad States Burem of Mines, stationed at 
Anchmge. - 
To'Mr. J. J. Corey, mining engineer of the Geologies! Survey, 

and to CoE. 0; F. Ohlson, genoral manager of the Alaska Railroad, 
and members of his staff, thanks are due for much assistance in 
transportation and obtaining supplies. 

8 AII of the district drains southward to the Matanuska River, the 
principal strem~ being Purinton, Cascade, Winding, and Muddy 
Creeks. Prtcltsaddle Gulch on the east ~I?cI the.headwaten of Saw- 
mill Creek on the west, may be tmken aa ths limits of the district 
with respect to ma1 deposits. All these streams and their larger 
tributaries carry water during the open season and alm probably 
flow throughout the winter in their Iower courses, under the protecting 
mver of ica and mow. 

Tha Matmuska River flows in ta flat-bottomed valley half a mile 
to 1 mile ih width, in branching channeIs separated by gravel  be^. 
During most of the summer ib main charnels are too deep to bs 
forded safely, but a short distance above tha mouth of Muddy Creek 
the river is usually fordable by horses. From about December 15 
to March 15 the channels are f m a  over and the riwr valley is usred 
ES a mute for horses and dog teams to take supplies into mining 
districts farther east, The river valley in the southwest corner of 
the district is about 1,100 feet above sea level. It is bodered on the 
n o d  by bluffs thet rise 200 t o  500 feet abve  the river. Thence the 
slop is noderate up to the base of Anthracite Ridge, at  an elevation of 
2,BOOt.o 3,000feet. The ~Iapes rise fitmply from the k e  to the cmt 

8 

.r 
of the ridge, at 4,100 to 6,350 feet. 

- The upper MatRnuska Valley ig far enough inland from Cook 
Inlet txi have a climate mare like that of the inbrior than of the 
macoast. The summers are mild, with maximum ternperaturns of 
s h u t  75', but winter temperatures of 20" to 30° b l o w  wro are not; 
uncommon. During the summer the wind blow prevailingIy from 
tha west up the valley, but in the fall it changes to a, dmst rea tn  
wind, which renders travel along the river a t  times severdy uncom- 
fortable. 

The record of monthly precipitatioa and highest md lowest tern- 
peraturn kept at Chickaloon during the 6 years 192342, and similar 
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data recorded at the drilling m p  during the season of 1982 am 
given in the following tables, Although the two stations differ by 
1,500 feet in elevation, their i;ernperatures differed little during the 
Bummer. In December the minimum temperaturn probably were 
lower a t  C*hickaloon than on the upland. The summer rainfall was 
considerably heavier on the upland. In the early spring them wasl 
4 to 6 feet of snow on the slopes of the ridge, as compared with about 
2YJ feet at Chickaloon. 

Wmtlaer wmrd al Mmp utw Adhmctis RCdgc, Ataekq Jtcns 14 to D m  8,18553 

%m WI 

T-turn (' F.) 

The winter of U3132 was locally considered to be rs season of 
unurmaIly heavy snowfall, and the following Bummer h be unusually 
wet, with many cloudy days. m e  rain came mainly as drizzles, 
XI that although the total amount was not p t ,  the undergrowth 
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was kept wet most of the time, and the moisture in the winds from 
Cook M e t  often condensed into fog dong the upper dopes of 
Anthracita Ridge. 

Spma timber covers most of the disbict up to sn elevntion of about 
3,000 feet, or practically to the foot of the ridge. On tho lower 
slopes them are willows, alders, and cottonwoods along the streams, 
m d  farther west there are same nreas of birch; but south of the 
ridge, fire about 1920 killed most of the birch trees dong with much 
spruce, BIueberries and several other kinds of berries are to h 
found along the lower ridges. Above timber line there is & cover 
of buck brush, grasses, and mosses, but a h w  about 4,000 feet the 
slopes of the ridge haw only a scnnty growth of pass ,  mosses, and 
other low plants. 
In the spring and early srunmer mountain sheep and occasionally 

goats mnge on the ridge, and sometimes they return later in the 
season. Black bears feed in the zone between the ridge and the river 
when the berries are in mason, and an occasional brown bear has 
been seen in the district. A fern rnm and d l a n d  caribou have 
b e a  e n  Ill .the wooded porhions. During the last few years small 
animals haw k n  scarce. Possibly this is due tr, the fact that the 
rabbits were nearly exterminated by some disease, apparently similar 
to tularemia, several years ago, and in 1982 were only b e ~ m i n g  to 
reappear. Their disappearance swms to have caused the fox, lynx, 
and other predatory animals, including the coyoto, w h i d ~  had a- 
tended its r a n g  into this region within the past 16 years, to migrate 
elsewhere. 

Ptarmigan nnd spruce hens were scam in 1031 but fairly plentiful 
in 1932; nnd tree squirrels, parka quimIs ,  and weasels were becom- 
ing mare common. Some of the lakes and larger creelrs contain 
h u t ,  but not in sufffcient abundance to be important as s food 
supply. Small bands of ducks occasionally visited the water botlieq. 
A few magpies, Canada jays, and smgller birds stayed in the district 
throughout the year. In tho early summer robins and several other 
migratory birds nested there. A few hawks of both large and smaU 
species were seen. 

In 1982 about half a dozen families were living at  Chickaloon, 
but there wem no permanent inhabitants near Anthracite R i d e  
The trail from Chickaloon to  the Xelchina mining district, BO miles 
to the east, pass& along the slopes south of the ridge; and two cabins 
on this trail, on6 near Boulder Creek and one near Kutzkatna 
Creek, were used as dopphg places by travelers. At Tatandan 
Lake, in the southeant corner of the district, them was a trrrpper's 
cabin. 
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The oldest rocks in the region whose age is dehitely known 
consist of bedded volcsnie materisls (breccia, agglomerate, and tuff) 
and other ~olcanic rocks classed as p n f i t o n e  and qua& prphyrgr. 
Some of these W d e d  mrrter.iaIs mntnin fossils, in places of marine. 
enimal forms, in, plai~es of plant forms, bath of which identify the 
deposits as h e r  Jurassic. These rocks were named the 'Talkeetna 
formation" by Martin? becauw of their prevalence in the Talkeetna 
Mountains, of which knthracite Ridge is a southemost portion. 
On the crest of the ridge the volcnnic rocks are exposed in only one 
prominent ledge; but they form. rauch of the rugged country 
immediately to the north, where they are in places colored yellow 
and brom by iron oxides. On the south side of the Matanuska 
River the ~olcanio materials form much of the lower slopes of the 
Chugach Mounhins. 

Granitic materials that form part of the slopes of the Chugaeh 
Mountains ( p t  5, A )  on the muth side of the river seem to have 
ken intruded into the older and more altered ariea of rocks that 
form much of the slopes. The granitic mc.h &re mainly of the 
variety known as quartz diori@, which contains .plagioclam.{&a- 
lime feldspar) instead of the orthoclase (potash feldspar) of a true 
granite. From their relation to the Lower Jurassic rocks these 
granites are considered to be probably of late Jurassic ago. 

Within the uppcr Matanuska Valley region the Upper Crelaceous 
series is mpresented by black shale and indurated sandstone and 
conglornmte, which in n. few places contain marine fossils, Frm 
their prominent exposures in the area these deposits mere named 
by Mrtrtin l v h e  "Matanuska formation'' Tbey form part of the 
bluffs on the south side of the river, and p d w t  Mu89 on the 
north side from 3 to 19 miles above the mwth of the Cbickirloon 
River. To the east they cover l a r e  areas north of the river, and 
they also form a part of Anthracite Ridge. 

The detailed work ai 1931 and 1932 found that the Upper Cre- 
taceous rocks probably am exposed there in two bauds, where 
brought to the surface by folding and faulting (pl. 5, B ) .  During 

Ma*, G- C, Tbs M-fc e t i i W P h F  of A M * :  0. $. ad. Iln- Ball. 778, p. 
2Ig. 1m. 



tfie earlier studies f&Is mere found in the upwr Cretaceous beds 
at several places iri the bluffs bordering the river, and also on the 
n o d  side of Anthracite Ridge ; and Xartin found a few Upper 
Cmiamuus f d s  an the south side of the ridge, near Purinton 
Creek Lists of the apeties foand ham bean published." h 1938 
Upper Cretaceous fossiIs were found only on the upper pwt of 
Cbikootna Creek, along whose ravine numerous fragmentary s p i -  
mens were gathered, where they and the hard limy massas con- 
taining them had conccntraterl from the wertthering shals. A few 
ammonites were obtained directly from the shale. The foZloffing 
species were identified by J. B. Reeside, Jr.: 
0. 8. Nat. Musetint no. 1W. Headwaters of Chlkootna Greek, hthtacf te  

AMdge, A l a ~ k a :  
Aclla ci. A, trtlncata Gabb. 
Yoldla? sp. 
Grammatodm 8p. 

Inoceramus cf. I .  mhitneyI Gubb, 
Inmarnus ep. 
08twn up., a very stmple form. 
Pholadnmya ap., a fragment. 
OElgopttgc'l~a cf. 0. obliqua (Qabb). 
Anisomyon pp. 
Gastrumdtz, sereral undetei?nitied Porsrls. 
Dentaliurn sp., fragments. 
BncuIites ci. B. ancem Umarck. 
Ptychocems sp. 
"EIeteroc*rasW roogeri Uabb. 
Bostr~choceras? sp. 
Ph~-llwer&s cf. B. ramowm (Meek). 
DesmaceratId ammonite, undetermined. 
Pu~oalid ammonite, undetermined. 
Parapachydim~, 2 SP. 
Oandrpras sp. 

This ~Uec t lon  belo- in the Zete Upper ( 3 r e t a m  (Senonfan), bnt 1 
bdtate to ass@ apecIBc D a m e  to the forms present mtll much more work 
can he done. In all probability most of the sped- deseme nev? names. 

Unconfomably overfyinff the marine Upper Cretaceous beds are - - 

extemive fresh-water deposits of Eocene age. These deposits cover 
most of the valley of the Chickaloon River and hence were named 
by Martin 14 the "Chickaloon formstion." Measurements of their 
exposed thickness indicate frrlly 2,000 feet of beds. 

Y Capm S. R., GeoIow of the upper Maknmka Vallay, Alaka,  d t h  a M o n  on tbe 
igneous rOCLE by J. B. Mett ie ,  Jr.: V. S. Geol. Surrey Bull. 701, pp. 3749, 1827. 

1' Nnrtln, 6. C., and Katm. F. f., Gmtogy red coal Aelds of the lonw Matrnuoh Taw, 
Alaek&: U .  I. Geol. Burveg Bull. MIO. p. 42. 1913. 



The Cbickaloon beds contain abundant fossil plant leaves, of the 
 me  species that ars found in the Kenai formation in the western 
part of Kenai Peninsula, on lower Cook Inlet. The Chickaloon is 
thus considered to  be of the same geologic age as the Kenai, which is 
classed as upper Eocene. The Kenai beds are mft, poorly consoli- 
dated sands nnd clays, dipping at low angles, md the coal beds 
within them are all lippitic, whereas most of the beds of the Chicka- 
loon formation are consolidated, and all the c d  are of higher rank 
than lignites, ranging from bituminous to anthracite. The relation 
of the Chickaloon formation to the Kenai formation has not been 
satisfactorily determined ; for although the plant fosils indicate that 
they are of approximately the same geologic age, the Chickaloon 
beds have been much more folded, faulted, and consolidated than the 
Kenai beds. - The Ckicksloon formation consists of a rather monotonous succes- 
sion of shale, sandy shale, sandstone, grit, and 'congdomerate, de- 
posited so irsepIarly that much of the material seems to have bean 
laid down by strea,ms flowing in from different directions. All the 
beds change in character within short distances along the bedding. 
The shdes are mainly dark gray and poorly bedded. In many places 
they weather with canchaidal fracture. At many horieons there is 
so much carbonamus *matter that they are nearly black. Fmil- 
bearing layers still retdn the carbonaceous matter of the leaves and 
other vegetal fragments as cmly films. The sandy shales are chiefly 
feldspathic, with mIativeIy little qut~tz .  At some horizons they 
contain abundant flakes of brown mica. In a, few localities the 
deposits are laminated, but for the most part they are somewhat 
cross-bedded. The sandston% are gray to yellowish in tone and 
are feldspathic, with not much quartz. They are fairly well c w -  
solidatd. In the basal part of the formation them aro thick-bedded 
sandstones that have a greenish-gay tone, due to the presence of 
chlorite. The gr i t s  consist largely of angular fragment4 of quartz 
and feldspar. The conglomeratic beds contain well-rounded pbbhs ,  r 

m* 

mainly of quartz and chert and less than half tan inch in dimensions. 
These coarse-pained beds are not limited. to any portion of the sec- 
tion but seem to be distr4buted irregularly through the entire f o r m -  r 

tion. In the lower part of the formation there are several coal 
beds. 
The basal beds of the Chickalmn where exposed along the central 

part of Anthracite Ridge have some characteristics not obaemed el* 
where. Ln some places there is a poorly defined pebbly sandstone, 
which may represent a brtsrtl conglomerate. West of Cbikontnn 
Cmlr this smdstone contains well-rounded pebbles of quartz and 
chert as much as an inch in diameter. For half a mile east of the 
creek this horizon m m s  to be marked by a sandstone containing angu- 



lar of shale, pm~mably  Upper Cretaceous shale. A thin 
zone of sandy shale at  about this horizon m t a i n s  worm tmb. At 
m e  horizon in the sandstone there are mttered discoidal contra- 

tions of enlcamus sandstone 1 to 2 feet in diameter. 
Along the eastern part of the ridge there is a whitened band 80 

to 50 faet thick, as shown on pIate 6. This band is thickest in its 
eastern portion, where it is dominantly a conglomerate with well- 
rounded quartz pebbles half an inch or less in dinmeter. Thenw 

L 
westward the  material grades t~ prevailing c o m  sandstone, with 
whitened hardend shale in the lower portion, This shale in some 
pIa~es contains well-presiewed plant impressions. The bmd temi- 

a nates on a ridge where the beds are caught in an overturned e d i -  
nal fold. Farther west the beds at this horizon have been removed 
by erosion. Although tho whitening is confined to a definite zone, the 
beds within this zone are not all equalIy bleached, so that  the appar- 
ent thicknem of the band variw somewhnt. The hardened plant- 
bearing shale is similnr to thc baked shale known w prcelanite, 
which is found in many coal regions adjacent to beds that have been 
on fire, except, that it ha!! been only whitened and not heated arffi- 
ciently to kcome reddened. Nowhere in the district was evidence 
found that m y  of the con1 k l s  had been on fire. Such natural 
burning is in other regions limited tm lignitic or subbituminous coals 
containing mom vofatilc matter than the coals of this district. Simi- 
lar whitened shales were found at several other places in the dig- 
trict, adjacent to thick intrlisive silk; but no evidence was found 
of an extensive sill which might have baked the shale of the whitened 
band. The whitening also of sandstone and congIomer~bte over- 
lying the shale is distinctive; and close examination rmgpsts that 
some bleaching action, possibly by mineralized hot water circulating 
through this porous zone, has taken place. 
In those portions of all t he  diamond-drill holes where fractured 

md slickensided rock was encountered, veins of ealcite were com- - mon in the seams. In a few places there wem noticenble amounts of 
pyrite, as very small crystals, and probably finely divided pyrite is 
di-aseminated through much of the shale, * 

In three plat-at a depth of 705 feet in the northwest drill hole, 
at 422 feet in the southwest A d d l  hole, and nt 1,525 feet in the 
sontheast drill hoIe-seams of py-brown flaky day half an inch 
to 2 inches thick mere noticed. The material was examined micro- 
scopically by Clarence S. h s ,  of the Geological Snmey, who 
reported as follows : 

The shalellke material from A ~ R B ~ F I  ahows clew widence ot derl~atlon hrrm 
a volcanic ash. A large part of thls wnR orlatnally a glas~y material with 
a distinct pumice structure but Is now completely altered to a b~ntonlte. 
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Aawfhted with thin there was orlgbany a &I amount ol felhpar and a 
lame amount oi blotih that formed p h e n m y ~ t ~  lo a glassy a d .  The biotite 
hns &n completely altered to a sltghtly brownish type of kaoliaite that 
evidently contains some iron. Associated with this Is a notable proportion 
of carbonaceous materinl 
The compl~te alteration of the glmsg portivn of tbe a& to bentonite and 

the blotlte to kaolinlte in n material that eddently has n ~ t  wenthem nntlet- 
the profound nxldislng conditions characteristic cif the umal knollolzation p ~ m -  
as is unusual nntl r~quires an emlanation. Bowever, it I s  known that some 
kaolinltlc materials have dm formed In a swampy environment under the 
influence of hurnlc aclda The presence of carbonaceous material with the 
bentmite prol)ab\y Indicates that the alteration of the bIotIte to kadlfnite has 
teken place In a ~warnpllke en~-Ironment, and probably before d e p  burial by 
later sedlrnenta. 

A principal pint  of interest is the rapid albmrstion of deposits 
shown by the diamond-drill cafes and the irregurarity of sequence 
in the M s .  The greater part of the seetian is composed of shale and 
sandy shale, the coarser-@ned sediments king  very subrdinate. 
3%- usually come in abGpt1y; aItFlough in some places the m u m  
c b n ~  from fine through medium to coarse; more mrnmonly it 
changes from fine d h t l y  to corme. Deposition seems to have taken 
place rapidly, and the d i m e n t s  are in part stream deposit& that 
show much c r ~ b e d d i n g .  TVeI1-preserved pIanE remains are psm- 
ent in many layers of the shale and sandy shale; and from such 
fossil-beasing mghrial, collected at several plams in the region, 
numerous species of plants have been identified. Lists of such fossils 
are given im the reports by Martin lS and by Cmtpps.la 

Materid collected at several lmlities wid cores from the diamond- 
drill hoIes yieIded numemas f msils, including some new specie¶ which 
are describgd in a repart by the late Arthur Ho11ick.17 
MI the plant forms seem to be of Eocene age, and no appmiable 

change in the character of the flora was discernible in the colledions 
from the drill holes, e r n b r b g  sections as much as 1,700 feet in 
t hicknw. 

l8EA CONGLOMERATE 

Om Mh sides of the Chickdoon River 5 or 8 milas abow its 
mouth the Chickaloon formation is overlnin without apparent un- 
conformity by massive Ws of conglomerate, with minor lenses of 
coarse sandstone and thin beds of sandy shale. Farther west this 
formation is more extensive and was named by Martin" the &la 

mMartln, a. C., and Katr. F. J., Omlogy and coal fields of the 1- Matanaab Vaney, 
Alaubn : U. 8. Qeol. Nurvey Bull. 500, pp. 49-52, 1912. 

"Cnppa, 8. R., Qeology of the upper Maiann~ka Vallw. Alas- d t h  a action oa the  
lglreotta rock0 by J. B. Mertie. Jr. : U. 8. Geol. Survey Bnll. ?%I, p. 44, 1827. 

1' IIolllcR, Arrbur The Terttam florarr of Alaska: U. 8. Gpol. Survey Prof. P n p r  182. 
1D8(1. 

wlldurtln, Q. C., op, tit. (Bnll. 5001, p. 82. 



conglomerate, from typicat exposures on Egka C& Jn Castle 
Mountain, north of Chickdoon, s thickness of abwt 3,000 feet of 
this  formation is exposed. The materials are fPsirly well indurated, 
the pebbles being mainly granitic and the matrix being m d y .  In 
a few places fossilized fragments of wood have been found in the 
formation, but no ma1 beds. From its position overlying the Eocene 
deposits, the Eska conglamerate is questionably considered ta be of 
Miocene ag-e, - INTRUSIVE ROCKS 

h i n o n t  ridges that occupy considerable areas in the region 
batween ChickaIcmn and Anthracite Ridge are cove& by intrusive 

a 
igneous rocks. Along the south side of Anthracite Ridga thick 
&sills are prominent. In the district there are nlsn many thin sills 
and dikes, from a, few inch- to 10 or 15 feet thick. All that were 
nobd during the geologic work are shown on plat= 2 and 3. Mogt 
of the dUs are diabase, rtn intrusive rock composed chiefly of 
plagioclase feldspar, augih, and oxides of iron, including magnetite. 
me surfaces of some d the larger gills are in places vesicul~r or 
amygdaloidal, with patchas of zeolites. A few of the minor sills 
snd dikes are vesicular and probably collsist of h a l t .  

Diabtlse sills are not confined to any particular portion of the 
Chickalcmn formation. They were found at irregular intemals 
throughout the beds penetrated in the diamond-drill holes Th8 
silk of s h u t  2 feet or I K ~  in thicknm are finegrained rock, of 
amifom gray color. The upper and lower seven1 inches of the 
thicker sills are also fine-grained gray m k ,  but this grades into 
coarse-grabled material in the middIe portions. The two kinds of 
rock from the silI penetrated at  about 200 feet in the central drill 
hole were exmined rnicrosmpically by J. B. Mertie, Jr., who found 
that the difference is chiefly in texture and that there has not been 
m y  appreciable segregation of tlie darker minerals in the middle 

*L portion of the sill. The ~oame-grained diabase contained plagiwlam 
af ahat  the cumposition of labradorite, considorably altered tn 
.smicita m d  in part to chlorite; augite, more than half of which is 

x s~tteped to chlorite; and magnetite. The fine-grained rock was in 
texture mom nearly a basalt. In it the plagiwlase wm almost 
unaltered, but the iron oxides were altered to hydroxides, and the 
remainder of the matrix was almost completely nltered to oarbonatw. 
It is rather unusual to find deoply buried and presumably un- 
weathered rock with its constituent minerals so greatly altered. 

The west end of Anthracite R i d e  is formed of a somewhat 
different type of igneous rock, classed as sods felsib, which con- 
bins prominent crystals of plq$oclase. West of Anthracite Ridge 
.the upper portions of Puddiilgstone Hill and Castle Mountain are 



composed of flows of basaltic lava which are prdmbly of a some- 
what  late^ age than the diabase sills. As all the intrusive rocks 
and the lavas seem to be later than the Eska conglamerats, thoy 
have been considemd to be probably of Pliocene age. 

Portions of the slopes on each side of the Matmuska River are 
covered by gJacia1 gravel, but within the area included on plate 
1, most of such deposits are very thin and hence have not been in- 
dicated on the map. In the northwestern part of the district, 
however, thick glacial deposits, probably forming a moraine, cover 
slopes north of Boulder Creek; and in the southeastern part, be- 
tween Grave1 Creek and the Matanuska River, there is a consider- 
able area of termce gravel of glacial origin. Along lower Muddy 
Creek there are large boulders and unassorted materials, indicating 
a thickness of 50 feet or more of glacial debris over a small a m .  

Scattered boulders and thin patches of gravel are to be found 
up to elevations of nearly 5,000 feet an the south face of Anthracite 
Ridge. At an eIevation of 4,900 feet, on the crest of a spur ridge 
near Cascade Cmk (on the east border of the area shorn on pl. 
21, there i s  a rounded granitic boulder about 2 feet in diameter. 
!This was probably about the upper limit of the ice, for there is 
little evidence of glacial material higher on the slopes. Farther 
west but at an elevation of only 3,100 feet a similar, nearly spherical 

+ boulder mps the summit of the sonthemmost of three mall ridges 
in the S E S  sec. 11, T. 20 N., R. T E. The bare surfwe of a &abase 
knoll just to tha north shows numerous: glacial ~ e r n t ~ h ~ s ,  trending 
westward down the valley. Although mmt of the hard-rack surfaces 
am weathered and spalled, similar scratches are still to be seen 
in a few other plates. They mere notimd on t h ~  muthemmost 
crest of the diabase ridge near lower hrinton Creek, also several 
miles farther west, on the east end of a ridge that bodera Rush 
Lake. Along the base of Castle Mountain there is simiIar evidenm 
of glacial action up to an elevntion of about 3,500 feet. Recent or 
postglacial deposits of appmiable extant are limited to the valleys 
of the principal tributary streams. These all have fairly steep 
gradients, and their materials are mostly cobbles and pebbles, wit11 
comparatively small amounts of sand and day. 

The structure of the upper M~latanuska Valley considered as a 
whole is that of a great bIwk dropped betmeen two faults, one 
dong Anthracite Ridge end the other along the lower slopes of 



the Chugach Mountains. 'She main part of the area is covered 
by rocks of the ChickaIoon formation, but the faulting has brought 
to the surface the Upper Cretweous beds along the margins of 
the faultecl zones; and a subsidiary though large fault brine Upper 

. Cretaceous beds to the surface for several miles along the north 
side of tha Matanmka Biver. 
h the west the dropped area has been wnsiderably folded and 

faulted. A steeply folded syncline that crosses lower Coal Creek 
I passes in each direction into a, fault; and similar steep falding accom- 

panied by faulting has occurred near Chickalum. Thia is the we& 
p r n  partion of a large synclinal area which extends northeastward 

a along the south side of Boulder Creek Canyon, approximately dong 
the Chickaloon-Nelchina trail, and swings south of east along the 
flank o f  Anthrmita Ridge. 

ANTIXRACITE RIDGE DIeTIUXCP 

The Anthracite Ridge district is folded on the east and west into 
s broadly ~yncl ind basin, The detailed &rucure of the district, as 
worked out in 1931 nnd 1932, is shown on plates 2, 3, and 4. The 
major features am the northern fault, the northern belt of folding, 
the intermediate fault, the intermediate belt of folding, and the 
southern fault. All these st,ructural features trend nearly parallel 
with the ridge. 
The northern fault marks the border of the d r o p 4  blwk of the 

Matanuska Valley. Farther north, beyond the bmd of Upper 
Cretaceous rocks exposed by the faulting, are the older rocks that; 
form the main portion of the Talkeetna Mountains. Nong most of 
the front of Anthracite Ridge tthe fault is within the Chickdoon 
formation, but in the central part of the ridge t h e  Upper Cretaceous 
rocks are exposed by mbsidiary faulting or sharp folding. The con- 
tact of the two formations is plainly traceable westward frbm 

Z Ghikootna Cmk.  In pert this may be a fault contact; but in some 
p l m ,  notably on the enst bank of Cllikootna Creek, it seems to be 
the unconformable contact n t  the base of the Chickaloon beds, which . 
dip 40' S. and rest directly on black fossil-bearing Upper Cretaceous 
~ h d g  which dip 60" S. 

The northern belt of folding i s  melJ exhibited along the mid& 
s l o p  of Anthracite Ridge, in an area cut by deep ravines. Several 
thin sills of diabase that were folded with the sedimenh aid in show- 
ing the structure. This consists essentially of two minor anticline% 
the limiting spcllne on the north k ing  overturned against the 
zrorthern f a u k  This overturning s u g w  a thrust, but examination 
of the m e  indicates that it involves only surficia2 beds and was 



probably produced by squeezing dong the norm4 fault. The middle 
~ n d  southern -clines are open. 

The structure near the wntraI part of the ridge is d o w n  in cross 
section C4', plate 4, and in the; photographs reproduced in plate 6. 
Farther west the beds are more faulted, as shown in cross section 
B-B'; and farther east the folding is more intense, as shown in 
cross seetion D-D'. 

The northern belt of folding is limited on the south by the irlter- 
meditbta fault. This is a prominent feature along the barn of the 
central part of the ridge, and is m a r M  by cliffs, over which the 
&reams cascada (pl. 7, B )  . This fault seems to die out westward a t  

, nbo~it the limit of the principal areas of intrusive rock; and to the 
east it apparently pagses into an anticline at the east end of a tbick 
diabam sill. Its naa~ximurn displacement seems ta be near the place 
where firinton Creek cascades down the fault cliff, where a throw 
of about 400 feet is indicated. 

The intermediate belt of folding mupies the slopes extending 
from the base of the ridge southward nearly @ the bluffs along the 
river. As a whob this area. is syndinal in structurs and is the 
eastern eontinuation of the syncline that extends up the basin of 
Boulder Creek from Ckickaloon, but in detail the belt along the 
front of Anthra.de Ridge contains minor folds and faults. South 
from the ridge the dip is uniformly southward as far as the zone 
where the streams from the central pafi of the ridge turn westward 
in their courses. This zone marks a synclinal axis, limited on the 
west where the beds turn to an easterly dip. Eastward the synclinal 
axis 'dies out or is offset and continues as a fault, whose trace i s  
well shown where it crosses Tukmakna and Cascade Creeks. Farther 
emt, this fault mrns to die out along the bwe of a ridge of intrusive 
rock west of Winding Creek. Tbencs eastward the line of woaknrss 
continues as an open synclinal axis to Muddy Creek. The east end 
of this syncline, like the west end, is formed by the uptiming of 
the beds. 

Within the intermediate zone, south of the central portion of the 
ridge, the beds rise from the synclinal axis to  a minor anticline in 
the NW% wc. 24, T. 20 N., R. 7 E. This is apparently the i~ortheast 
extension of an upward fold that is indicated in the ridges o* in- 
trusive rock in see. 23. The c h  of this small fold is well shown 
st its northeast end by several tilted beds of conglomeratic sand- 
&,one. On both flanks of the fold beds of coarse sandstone, grit, 
and wqlomerate form small, narrow rid-p. They rare lenticular, 
and individual beds do not persist far. These hard ledges make 
plain the structure, dipping south to a flat syncline whose axis 
c m &  CTmcda Creek in the southern part of see. 19, T. 20 h'., 



It. 8 E. Them am apparently 10 or 12 such on the south f l d  
of the fold, though there may be some repetition by slice faulting. 
Farther south, where the beds are steeply uptmed along Con- 
glomerate Cmk, them are seven prominent M s .  About half a 
mile farther east this synclinal axis is not 9o evident where it crosses 
Winding Creek, but it is sug-td by the marshy bpography and 
the shallow s t m  channel across gravelly bench land. StiU farther 
en& the continuation of this broad s~r~ldina3 fold is indicated by t!is 

e dip of the beds exposed along Muddy Creck. 
The southem fault zone, which bounds the dropped block con- 

stituting most of the district, is skikingly shown by the steep north 
rn front of the ridge of Upper Cretaceous mch just west of l ow~r  

Purinton Creek. The enst end of this ridge forms a prominmt 
MuffEF, as shown in plate 5,  A. This was caused by a mas fault, 
whose Muence farther nor.th is shown by several krge landslides 
in the gorge of Purinton Creek and by nenrly vertical dips in the 
beds at the bases of these slides. 

Where the fault in its eastward course crosses Gonglomerate 3rd 
Cascade Creeks it is well shown by the steep dips and contorkd 
attitudes of the beds, To the west the vertical displacement along 
the fault is probttbly severnl hundred feet. This lessens enstward. 
At Winding Creek it seems t.a be only 20 or 30 feet, and it was 
not recognized where the extension of the fault would e m s  the 
bluffs that border the Natanuska River. 

The eastward change in the character of the folding and fault- 
ing in the district is indicated in the four cross sctions of plate 4. 

The structure as worked out on the sedimentary beds shows that 
the large areas of diabase in the district belong at. several horizons. 
The thick sills along the base and flank of central Anthracite Ridge 
rare considerably lower, stratigraphically, than the ridges of dinbase 
between which Pudnton Creek flows in the south-central part of 
the district. Probably them has been some fnult.ing along the promi- w 

I nent southward-facing escarpments of these ridges and perhaps also 
where Purinton Creek passes Isetween them; but the northern bar- 

*. den of these intrusive masses dip at angles of onIy 90" or 30" beneath 
the Chicknloon beds. At places along this northern contact the 
sandstone and shale have been baked and whitened for a thicknws 
of fully 30 feet. The gorge of lower Purinton Creek has been cut 
in beds that underlie these intrusive rocks. To the south the dinbnse 
splits into a numker of thin sills. 
Xu the eastern part of the district the several areas of diabase 

are probably at three horizons in the Chickalmn formation. ' 
The six large areas of diabase in the Nuddp Creek area all &m 

to be of approximatalg the same horizon and are probably portions 
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of one great sill, mewhat  folded and f au1t.d. The laccolithic maw 
of StreIshIa Mountain is considerably lower stratigraphically, but 
the thick sill north of it, high on the ridge, is several hundred feet 
higher in the f omation than the other large sif 1s. 

The Matanusks River is nearly 100 miles long from it¶ murce in 
the ice &Ids of the Chugach Mountains to tide water at Cook Inlet. 
The earliest evidence that this valley ragion was once an arm of the 
sea is that furnished by the rocks of the Talkeetna formation, which 
contains fossils of Lower Jurassic ege. .In mme places these rocks 
contain plant remains, and in other places they cnrry fossils of ma- 
rine mollusks, ~howing that the region was in part covered by fresh 
water and in part by salt or brackish water. Long after their depo- 
sition and presumably after a period of uplift, these b d s  were in- 
truded by granitic r o c k  probably in late Jurassic time. During the 
Lower Cretaceous epoch, parts of the region northwe& of the Mats- 
nuska Valley wem bIow sea level, and thick deposits of limstane 
were formed, 

During Upper Cretaceous time also the Matmush Valley region 
must have been below sea level, for the deposits of that period are of 
sendstone and ghale, which are shown by the fossils in, them to have 
k e n  deposited in salt water, probably an egt~!nsion of the present 
Cook Inlet. The region was later uplihd but not much folded, and 
there followed a long internal of erosion. During Eocene time in the 
middle and lower Matanuska region deposits of tbs Chickaloan 
Xormrttion of irregularly bedded shale, sandy shale, sandstone, and 
grit were laid down in an extmske  fresh-water basin. The recur- 
rence of marshy conditions during early periods of the deposition 
formed coal beds of moderate extent in some parts of the basin. 

Probsbly at the end of the Etxene the region was moderately up- 
liftad, and in the following period of quiescence thick deposits of 
conglomerate were laid down in the lower part of the valley. This is 
the Eska conglomerate, which is qu&ionably considered to lm of 
Miocene age. Later, probably in Pliocene time, igneous rock was in- 
truded into the sedimentary deposits. The region was aftarmad 
greatly 'faulhd, and in some portions the rocks were much folded. 
The thin dikes m d  sills were folded and faulted, together with the 
sandstonw ant1 shales; but locally the thick masses of igneous rock, 
although faulted, aeem to have k n  strong enough fo resist close 
folding. Layers of basaltic? lava, which probably represent a some- 
what later period of flow, unconformably overlia the Eska conglom- 
erate on gome of the higher arees, notably on the crests of C a d e  
Mountain and Buddingstone Hill. 



The present details of the Matanuska Valley have probably been 
formed chiefly since Pliocene time by the ordinary processes of ero- 
sion m ~ d  weatherirlg, After the main perid of erosion the valley 
was deeply filled with ice ; and after a period of relstive stability 
them was uplift and a clirnrttic change, which caused the ica to melt 
and the stwarns to cut clwp channels. The Matanuska River then 
cut its prewnt valley, which is half mile tm 1 mile in width and 
is deeply entrenched in the older valley. Its larger tributaries have 

o a h  cut deep ravines. Boulder Crmk in its upper portion still flows 
in its older upland valley, but its lower portion has cut a gorge 
throngh which the stream dewends 1,300 feet in the 5 miles k w e e n  

1 Boulder Flat and the Chickaloon River. The Chickaloon is also 
deeply entrenched in ita lower portion. The small streams that drain 
Anthracite Ridge likewise exhibit evidence of nctive cutting in their 
lower courses. Their headwaters hare cut deep ravines in the upper 
slopas of the ridge ; farther down rhgr open onto lower slop~.ae~.os~l 
which the channels are shallow; in tlreir lower portions the streams 
flow down to the lfatanuska River in dgep ravines. 

Between 1 and 2 miles above ChickaPoon them are m e n  well- 
developed terraces cut in the reworked pave1 of the v~Iley sides. 
Them terraces apparently mark wmssive levels of the valley floor, 
either RS the stseam cut down throirgh a hard band of diallase that 
partly dammed its course or as the gradient of the stream WW- 

increased: by s~~ccessive small upLifts of the area. 

COAL 

DEPOSITS IN hLilTANUSEA. VALLEY 

Coal is the only mineral deposit of commercial importance in 
the region, for the Tefiisry and Upper Cretaceous rocks of the 
Matanusks Valley contain no metallic m i n e d  depwits of aalua, 

e -  md the intrusive ipeaus  sills and dikes are not appreciably min- - erdized by veina h teat well for oil was driIled in 1924-30 to a 
depth of 1,465 feet, about 2 miIea \rest of Chickaloon, on a showing 
of coal gas ; but the possibility of the pmsence of petrolem in either 
the f resh-water Eoceno hcls or the marine Upper Crehceom dewi  ts 
of the valley is exceedingly remote. 

The presence of coal in the Matanuska Valley was learned from 
the Indians by prospectors as early as 1894. Some of the outcrops 
were seen by Mendenhall l9 d~lring his exploration of 1898. 

The Chickdoon formation, which covers mnch of the valley from 
Moose Creek, about 10 miles east of 1Matanmh, to Packsaddle Gulch, 

"Mer~denhaIl, W. C., A reccla~nlalsaance tram Remmetlon t o  the Tannna River, 
Alatllta, In 1898; IJ. B. Wl. B ~ P ?  20th Ann. Rept., pt, 7, p. 524, 1900. 



36 miles farther e&$ contains beds of coal in mveral arearr. me 
westammost expmres are in the valley of M m a  Creek and in the 
north bank of the lMatanusPts Riwr for ra short distance bTow the 
mouth of M m  Creek. Farther west the Chiclralm formation is 
covered by thick depmits of gravel, and c o d  beds are not exposed. 

In 1915 the principal coal-bring nrem of the valley were rmb- 
divided by the United Statgs Bureau of Mines into 19 leasing units, 
and several permits were grant4 for coal prospmting. Tn 1916 tho 
h h e r t y  ar Pioneer mine was opened on the west side of Mom0 C m k  
about th& quarters of a mile above its mouth. It was developed 
by a drift tunnel and shaft an a 3-foot bed of coal. The product was 
hauled by a narrow-gage tramway 3,000 feet to bunkers at a rail- 
r d  siding near the mouth of the creek an4 =Id to the railroad 
and in Anchorage, The coal was dirty, however, and the mine warn 
shut down after 8 monthsy operation. 

The Baxter mine, 4% miles above. the mouth of M m  Creek, pro- 
duoed coal from December 1917 to April 1918 f m  an 11-foot bed 
exposed on the side of the creek, and the coal was sledded down the 
valley ta the railroad. h k r  development showed the coal bed to 
ha fanlikd, and rsltheugh two other beds about 3 feet thick were 
found a few feet below the main bed, lack of capital and of skilled 
supemkion af the prospecting caused the closing of the mine far s 
time. It was reopened in 1921 and producd m a l l  amounts of coal 
during the next few years, but oprrrtions ceaaed in 1925. 

Coal showings at geveral other places along Moose Creek wem also 
p r q e d e d  during them ygars, but successful development was hin- 
de& by the faulted condition of the beds. At the R a m n  mine 
and at the property of the Alaska Matanuska Coal Co., respectively 
2 miles md 2% rnilm above the B h r  mine, tunnel~l were driven rand 
considerable development work was carried on. Some coal was pro- 
duced from the R a m n  &e until I& in 1926 and from the Alaska 
Matanuska through 1929, 
In 1925 a narrow-gage railroad was exhnded up the Mooso C h k  

Valley to these upper properties. The Premier mine of the Altbska 
Matanuska Co., thnx~-qudm of a mila below the Baxtef mine, was 
nlso put on a producing bmb, a Emge part of the coal being pur- 
chased by the railmd. In 1928 the railrod was made broad g a p  
to the Premier, a d  this became the principal mine in the Momw Creek 
m a .  There are five  principal beds of coal, averaging 3 to 8 feet 
in thickness, in a series of shale and sandstone abut 100 feet thick. 
The wo~kinhp pms under Moose Creek, and late in 1983 w&r broke 
in, flooded the mine, and mused it to be abandoned. 

During the later part of 1982 the Wishbone Hill Coal Go. p m  
d u d  a small amount of coal from workings on the old Rawson 



COAL 

proprty. In 1934 these workings were taken over by the New Blak 
Diamond Coal CQ, 

AIong Eska Cw& which is abut li miles east of Motm C& 
cw>al beds are e x p a d  a t  intends in the b& on one side or the 
other of the Istmam. Xn Jannarg 1917 the Eska Creek Coal a. 
begm development work, but in Jme of that year it8 pmpefiy wm 
purchased by the Alaska Engineering Gmmision in order to assure 
s, f u d  supply for the railroad, and the mine wm opekted by the 

a Qovernment during the next 2 yearn. Throughout 1918-20 i t  pto- 
dumd 100 to 150 tuns daily. ln Qctohr 1921, slrortly after the open- 
ing by private enterprise of the. Evan Jones mine, 1% miles 20 the 

I nvd, the Eska mine was c l o d ,  but it has been kept in condition to 
produce on short notice in m of failare of the private enenterpdsm 
During the later part of 1922 it was opened for aeveral wmks while 
the Evan Jones mine was c l d  on account of fire. At Eska them 
are six cod beds, in two groups of three beds each, mparrtted by 
nearly 300 feet of s a n d s h e  and shale. The beds that have hen 
developed are on the north limb of an open synclina The Evan 
Jon= mine has ban opend on a group of three beds, about 7, a, 
and 2 feet thich several hundred feet higher in the Chickdoon for- 
mation than the d beds of EsIra. 
On Young C&, 'l or 8 miles emt of Eaka Creek, two thin cud 

beds am exposed about 3% miles dbom the junction of the dream 
with the Kings River, and at least 10 beds are exlposled in a gulch 
2 miles farther north. Soma prospecting was early dune on these 
bed% but no mix@ was opened. 

Along the f i g s  River a b u t  8 miles abovg, its mouth coal a 
are expclsed for a b u t  a quarter of a mile. Them are saverd coal 
beds 1 to 3 feet thick and one or two W s  that am considerably 
thicker. These were early prospected, but the coal was found to be 
much crushed and also intruded by igneous rocks. Ira 1WC~21, in 

Q 
rommtion with exploratDry work by the United States Navy, two 
small tunnels were driven on the mmt pmmisjng bed, which was 9 
feet thick whem expased. ORB tunnel encounterad intrusive m k  
'10 fa t  in from the surfnca and found the coal to be coked and 
destroyed, The other antry was darted 100 feet farther down the 
dip m d  at UH) feet lost the coal at a fault which replaced the maI- 
Bearing formation with rocks of Upper Cretaceous age. 
h the area between the Kings River and Chickahon, a distance 

of about 5 milas, trenches and pita that were dug to  tram the stme 
ture uncovered 19 bituminous coal beds 2s. to  9 feet thick, but intru- 
sive racSts allso persist with the cml. Hi11 sh&s that none of the 

Hm. w. P. T., N U A ~  repart of the NmvT AImkan Coal Commlasion to the B e c r e w  
of t b e  Xav. p. 62.1022 (mann~crlpt). 



beds uncovered in this area could be definitelg correlated with ally 
of ths mil beds e x p d  &her on the Kings River or at Chickaloon. 

At Chickaloon mveral beds of coal am expased for a distance o f  
half a m~le  in the bluffs dong the north side of the Uhichloon 
River. As early as 1905 them was some prospecting here. ln 1913 
ahtit  1309 tons wn.3 taken out under the direction of the United 
StaW Bureau of Mines and sledded to the coast during the winter. 
lrhis was shipped to Senttle, and 586 tons was used in a shaming 
test of the U. S, S. Man~lamd and found t o  be 'hitable in every 
mpct for urn in the naval service."P1 In June 1817, when the 
Alaskm Engineering Commiwion took over the Eska mine, it also 
undertook the continuation of private exploration a t  Chickaloon ; 
and on the mmpletion of the railrod to that point in October, some 
coal was shipped for the railraad urn. During the next 2 years a b u t  
8,000 tons of coal was prorluced incidentally to the prospecting work. 
Bkmwhile the Navy h ~ d  become inkrested in developing a fuel 
supply on t h e  North Pacific mast,, ancl on July 1, 1920, the Navy 
Alaskan Coal Cornmiwi~m took over the exploratory work at  Chicks- 
loon. Work waa continued until the end of April 1922, when the 
property was shut down. It was temporarily reopened a few months 
later in order to complete a shipment of 5,000 tons for steaming 
tests by the Navy. Tests of coal from the Bering Ever field mere 
made at  the s m e  time. 

One lot, 800 tons a l  ]Bering River mnl, anrl another Jot, 5.000 tons d Mata- 
nuah ml, were Eested by the Jmm, the Xew Ymk, nnd the Xcxas. It wns 
found from thwe tests that while Alaskan ml ma$, under certain circam- 
stances, $e aserl by naval ves~els, it Is not ' g m ~ m l l ~  srtlsfnctosg fw this 
~ n m . =  

A total of about 25,000 tons was produced at Chickaloon from 1813 
to 1922. TIE the bluff at this place nine tunnels and one slope were 
driven, and one tnnnel was driven half a mile farther east, to crosscut 
cod beds e q &  beside the river. In addition, much trenching 
and pitting was done in tho ares northward to the base of Cagtle 
Mountain. A diamond-drill hole was put down 3,400 feet north 
of the bluff to a depth of 1,345 fmt without reaching the coal bods. 
The presence of I0 or more coal be& was proved by the tunnels, and 
the slope followed down on the thickest one, bed 8. This extended 
nearly vertically, with a thickness of 10 to 12 feet, to a depth of 
820 feet, where it was squeezed and faulted out, The three other 
principltl beds, nos. 1,6, and X, had average thicknesses, mpsctirely, 
of about 4, 6, md 4% feet where cu t  by the tunnels. The beds are 
in three,pupq wparated by. sandstone snd shale, in a mries. BOO 
to 760 feet thick. 

* 44th Cong,, l a t  seem., 8. Doc. 26, g. 9, 1916. 
* Beport of the  Becretupy of the N a v y  for 1928, p. 32B, 1W4. 



The undergromd work showad that the c o d  beds lack continuity. 
They thicken and thin irregularly and grade into beds in which tha 
carbonaceous material forms only a small part. This character is 
due partly to folding and faulting but chiefly to the natum of the 
original deposits. The vegetable matter apparently wcumulated 
in smdl  basins along valley bottoms, giririg recurring transition 
from clean ccml within the basins to dirty coal or even day  on 
the h. Craw faults displace the beds, and faults along the bed- 

A ding produce squeezing and irregular thickening of the coal, and 
local zones of cxushing. Westward tEle coals become thinner or 
a m  represented by carhaceons shales. 

• Dmkg 1921-22 the Navy did some prospecting work on d 
beds that crop out about 2 miles south of Chickaloon, on the east 
side of Coal Creek. Work in this area consistad in the driving 
of two tunnels near the creek and the s inki~~g  of numerous pits and 
the drilling of eight diamond-drill holes on the bench land east 
of the meek. !I%ree main c o d  beds were found, the Spalding, Ohen, 
and Miller, respectively about 4, 3, and 6 feet thick; but they ate 
considerably broken and in places intruded by ipwous sills, which 
have locally colred the conl. Ahnit 1,800 tons of coal was produced 
incidentally to the pmspect.ing; but this work wm discontinud, as 
the amount of minable coal was f a ~ ~ n d  to be inst~fficient to warrant 
further pmpecting or mining. A  mall amonnt of r~nderground 
exploration was dona abont 3 miles ekd. af Coal Creek, whem cod 
h d s  are expowd in bluffs that h r d e r  the Matanuska. River. These 
beds were found to be of little commwcial value, RS t,hey are cut 
off tn the southwest by a. fault, R I I ~  to the north and east they are 
partly coked by igneous sills. 
13 In 1925 the Coal Creek nine was opened by Rms 5. Heckey on the 
\st side of the creek, on the extension of beds earlier prospected 
by the Navy. Tho conl is mmibituminous and of g o d  quality for 
blackmith uw. During 192K30 about 1,650 tons was produced. 

c Much of this wm mld to the railroad, which converted it inta coke 
in an oven at  Anchorage and used the product in the foundry of the 
ra i l rod  ahops. 

Ahub 1 mila west of ChiekaIoon work was undertaken late in 
1917 by the Chickeloon Goal Co., and during the next year thrw 
tunnels were driven and two core holes were drilled. S w e d  thin 
coal h d s  were penetrated by t,he tunnels ; but the work showed that 
the con1 beds of Chicbloan thin toward the west and are not of 
p a t  commerciat valtlue. No production mas made from this 
property. 

East of the Chicknloon-Coal Creek area there a p  no further 
e v i d ~ n m  of coal until the Anthracite Ridge district is reached, 
~ h w e  coal deposits are describetl in detail in the following pages. 



Coal on Hich Creek has been mported, but the showings there 
are belimed to be black shale in the Upper Crehcmus beds. 
The coal beds of Mmse Creek and t.he Evan Jones mino are in 

the upper part of the Chickaloon formation, not far bdow the Eska 
conglomerah, which covers the higher slopes and forms most of 
Wishbone Hill, lying between the two ma2 arms. The coals of the 
W a  mine are several hundred feet lower in the formation and may 
Ix near ih base, for on the east side of the creek valley Upper 
C r e w u s  beds are exposed, apinst which the coal-bearing beds 
of Esh am faulted. Sufficient detailed work has not been done 
h determine the position of the coals of f i e  Young Creek and 
Rings River ares, and thom of Chickaloon and Coal Creek, with 
respect to each other and to the coals farther west. At Chickaloon 
the coal L low in the formsation, but there seems to be at least 2,000 
feet of Chickaloon beds below the coal and an qua1 amount between 
the coal and the overlying Eska conglomerate. 
The cormls of Moose Creek and Eska are biturninom, their content 

of fixed carbon being about 46 percent and volatile matter 37 or 38 
percent and the fuel ratio about 1.2. Analyses of samples fsom 
Young Cresk and the Rings River shorn them ta be of somewhat 
higher rank, with an average file1 ratio of about 52.1 to 2.9. The 
coals of Chickalm and Coal Creek rank as semibitaminotts, with an 
average fuel ratio of about 35. Still farther east, in the Anthracite 
Ridge district* semisnthracite and anthracite are found, though most 
of the coels of this district are bituminous and sernibituminous. 

Becsuse of the aeemhg progresively higher rank of the coat 
eastward up the valley, them is some ground for the hypothesis 
that there has been progmsively greater metamorphism of the coals 
eastward, due to increased folding and faulting and perhaps in- 
crewad pressure by p a t  thicknesses of overlying sediments. When 
the coal beds are examined in detail, however, so many exceptions to 
this hypothesis are found tht  it seom probable that much of the 
change to coab of higher rank may be of local nature, due to local- 
ized eff& of folding, faulting, and intrusion by igneons rock. The 
relatively high rank of the Chickaloon coal is, however, considered 
'by Rill '% be due primarily to serere dynamic metamorphism ; in- 
trusive roch have Focally coked the adjacent coal, but tba coal beds ss 
.tr whole have been unaffected by the sills and dikes. 

The entcmpa of ma1 in the Anthtncite Ridge district may for con- 
wnience be p u p d  into thosa of the northern area, along the csn- 

= E= W. F. T., lnnd report Qi the H a v  A l t a h n  Coal Commlmion to the h r e t a ~  
of the Naw, p 118. 1922 (mannmcript ) . 



kal part of the ridge; the eastern area, in the basin of Muddy C m k ;  
and the aouthwmhrn area, along lower PurinCon Creek. Esposam 
of ooaPy shale along lover Cascade Creek may be considered ns form- 
ing a fourth but minor area. The outcrop are numbered on plates 
S,3, and 8. 

So far ns the evidence justSw, the coal outcrops have been con- 
necfd, on plates 8 and 8, to show the probable continuation of the 
beds. From this evidence and the geologic sections at several of the 
coal localities premtd on plate 9, it seems probable that there am 
three main coal-bearing zones, with s few thin beds and lenses higher 
and lower in the &ion. The highest and middle zones seem to be 
present in the northern area, the middle and lowest zones in the east- 
ern a m ,  and all three in the southwestern area In the northern area 
the thick beds st localities 20 and 23, where 24 and 34 feet of clean 
coal was m e a s u d ,  and neighboring outcrops along the &rike appear 
to be in the high& coal zone. The thicknm of beds measured be- 
tween locditiea 20 and 16 and between localities 22 and 19 shows 
that the coal becis of this northern line of outcrops lie about 100 
feet b l o w  the highest coal of the area. They constitute the middle 
zone, as shown on plate 8. To the south, the structure of the rocks 
and character of the beds indicate that mals of localities 24 to 38 
belong 20 this middle 7~lne. The two thin cod bed$ of locality 11 
(see pl. 2) may represent the w-rn e8;tensio~ of the two zones, 
and the -Is of localities 8, 9, 10, and 12 probably belong t.a one 
zone or the other. The detailed struhm along the western pad of 
the ridge is too obmre to render the coal horizon definite. The 
thickness of beds underlying the coal from locality 16 down to the 
Upper Cretaceous mks mas meamred 119 about 5100 feet. A measura- 
ment from the c d  at locality 15 to the Upper Cretaceous rocks was 
as follows : 

Fetd 
Shale and thin sandstone, ---- -, ,-,--------------------- 
Diabaee------,-,-,-----dh---------------*,,, . .  200 
Raked shale----------------------,-,,---,-----,-*,,,,, I5 
Thkk-kddd ~ndsme--------------------- -------- - -  30 
Rlnck shde----------------------------------- 15 
Thick-bedded mndam---------------------- 50 

Thirs maasuremmt of about &00 feet from the highest coal zone 
to the Upper Cmtmmns beds is in accordance with the measurement 
of s h u t  500 feet from the middf e zone to the Upper Cretaceous beds, 
as the two cml zones are about 100 feet apart, 

Two masumrnents of the thicknw of beds between the middle 
zone at locality 33 and the whitened band on the slopes above, 
showed a thickness of 850 to 900 feet of beds, or abut 720 to  770 



feat to the horizon of the %foot bed of coal exposed at  Iwalities 34, 
35, md 36, which is therefore high above the main coal d e p i t a .  

T h e  W s  of the northern erea, from the top of the whitened band 
d h  to the Upper Cretaceous rocks, seem to be as follows: 

mt 
Wbltenetl hand,--,-,---+-------------------+-------- aPBO 
Shale and thin madstone 130 
Coal (locality 34) ----------w---+---k-d-d---+--w---- 2 
Shale and snnAetone ---,-,,-, ,_, -4L-----------+---4---- 5'20-770 
Coal (higficst mnln zone) ,,-,---,---------flfl-fl-flflfl W 
Shale nnrl wnd~tone ---,,,,-, ,,_, ---------_,_I--- 400 
Coal (middle snne) ,,-,,-,,-,,,,--,--------------d 4-20 
Shak, mntlstone, and BlaMse ,,,-----,--------------- 500 

The three lowe1- becls aloe iiear locality 16. The corresptinding beds 
mar locality 15 are  somewhat differen6 as follows: 

p~6t 
Shale nnll annchtone ,,--,--,-,,--h-----------------------,- S00 

200 
Shale and s a ~ d s t n n e - - , , , , , , - , , - - ~ ~ - - - ~ - - - - - - ~ - - - - - -  110 

This lowest 1.800 or 1,m feet of the Chickaloon beds includes 
practically dl the c30at M s .  A 6-inch showing of con1 at Imali* 
39, about 100 feet above the whitened brtnri, seems tm ?x only a smdl 
lens much higher in the formation than thc main M s .  
In the eastern ares measurements from the whitened band down 

ta the principal coal outcrops show a thicknes of about 800 feet of 
Ms, which would plrtca the caals near Muddy Creek about 650 feet 
below the coal of.lourlitlp. 34, approximafel.~ at  the horizon of the 
coal beds of the northern area. Possibly tha eastern cods mrre- 
&pond to the highest, coal zone of the area farther w e ;  but the 
thickness of the =tion in the east, from the whitened band down 
to the main mls, indicates that they accord more nearly with the 
middle zone of the northern area and that the highest zone of the 
area farther west is not present in the east. 

The structure along Muddy Creek ii~dicates that most of the coal 
beds ~xposecl farther dawnstreaim are of the same zone as the prjn- 
cipd h d s  on ths upper pad of the creek; but at  locality 63, near 
the b a r n  of the ravine, there is a 6-font bed of coal which is 
nearly 150 feet below the middle coal zono and bas therefwe been 
designated the lowest coal zone. 

The cmls in the bluffs along the nodh side of the M~tanuskn 
River are contained in one zone about 40 feet thick, which can be 
tmced almost conthuously from lmality 84 to locality 89, Ohser- 
vations on the ~tructure indicate that this zone is approximately that 
of the principal b d s  on Muddy Creek; and probably the conk of 



O'Brien Creek, on the south side of the river, afso belong to &is 
middle zone. 

The coals of the m n t h w d r n  m a ,  along lower Purinton Creek, 
are distribnted through nearly 400 feet of beds but seem to agree 
in their grouping fairly well with the threa zones of the northern 
and E!astem areas. 

A fourth but minor area of carbonaceous deposits is indicated by 
mly shales along Cascade Craek From the evidence obtained on 
the structure and stratigraphy these beds are evidently high a h  
the main coal beds of the district and probsbly are several hundred 
feet above the highest coal of locditiw 34, 35, and 86. 

1 Dkta on the strike and dip of the mlm have b n  chiefly relied 
upon in the correlation of the coals of the three main a m  as pre- 
aented on plah 9. The chemical character of the coals themselves 
was found to be of little help in their correlation, as there is so 
much local variation in the beds; and the thick diabase sills were 
not found to be satisfactory horizon markers. In the northern a I w  
them sills underlie the coal beds, but in the eastern prea the prin- 
cipal sills overlie the ml-bearing beds. Mong the middle portion 
of Muddy Creek the d i a h  is only a few feet above the highest 
coal bed; but the sill high on the ridge, near the headwaters of 
the creek, is several hundred feet above the coals. In the sou&- 
west, along lower Purinton Creek, the diabnse is about 75 feet above 
the highest coal bed. 

During previous studies by the United States Geological Strraeg 
in the district apecial attention was paid ta the coal depmits, and 
the report by Cnpps summ&rized the infomtion svailabIe in 
1924 concerning thorn. The present report contains the additional 
information gained in 1931 and 1932 from surfam examinations, 
tests pits and trenches, nnd diamonddrill boles. The following 

I pages give information on the various coal outcrops examined in the 
.Anthracite Ridge district; and in order to show the relation of 
this district to  other coal areas farther down the  alley, the coal 
beds of the Chickdoon, Con1 Creek, end 0'13rien Creek districts are 
also dmcribed briefly. The locali2,y numbers refer to the numbered 
outcops on plate 1. T h e  locations of most of them are also shown on 
tha detailed maps, pIates 2 and 3. 

I (SE%NE% sc* 25). The coal deportlts and the pkspect work done at 
Ohlchloon have been dewribed in preceding page& At Chickaloon 10 or 
more coal W s  are in the 100-foot bluff that borders the north &de of 

R k, h l o g g  of the n m r  YatnnnmIm Vaney, Alaska, with r smon on the 
lgnmna rock# by J. B. Y d e ,  Jr, : U. 81. Oecl. Bumy BulI, 701, XP.27. 

6mTe-a- 



30 QEOLOGF OF -CITE m E  COAL DISTRTCT, W R A  

tl~? rlver. The coals seem to be in three gronps of beds, in a mlea of dmle 
and 8anWone g00 to 750 feet thfck, dipping ateeplp to the north and in mme 
places overtorned. The thicker .coal betla are to the east. Westward Borne of 
them ql l t  into ~ewral thh beds, and otherrr pinch out entirely. 

Two analyses of coal from ChickaEoon are tabulated on page 42, end a 
typical section of the formation fr given in figure 2 for comparison wlth Che 
coal-bearing seria of the Anthrcite Ridge dlstrlct, of whlch d o n a  are 
given on plate 9. 

Z % O R . , R  6E. 

2 (NE%NW% am 30). About half a mile east of Chtckalaon 4 coal bedr 
me erpowd in a blnir at tbe edge of the river: the largest 1s a h t  4 feet 
thick. Aa part of ltae expIoration work by the Navy in 1920-22, a tunnel waa 
driven at rlght anglm to the beds, 200 feet we& of their expornref and the. 
principal bed waa praspwkd by a drlft for &00 feet A small amount of coal 
has k e n  obtained from the outcrop for locaI um 
3 (BESSEW w. 31). On the east aide of the valley d Coal C m k  about 

tbree-qnartera of a mile above it8 month, coal beds are exposed, .dipping 
nteepIs south. In 1m-22 thme beds were prospMed by the Navy Ainsha 
Coal Commiaerion, as d & W  in the preceding p a w  A section of the coal- 
bearing beds is given in Bgure 2, and an analysis of ma1 from the principal 
bed on page 42. The atmcture la that of a shnrp syncllne, pamlng at the eAat 
and wegt into a fault and lmnlb broken by minot faults 7319 coal beda 
have also been lomlTy altered by latru~lve sills of igneous rock 

4 [STVgSEs m. $1). On the west mlde of Coal Creek, on the extenaim 
of Ibedzl proqected by tbe Navy, a mine was opened In 1028 by Ross 8. Hwkw 
on a bed contaIofng 18 hcbm ot minable coal ol gwd qnall* for blacksmith 
~fise. The bed dips steeply and is overlain at  n diatance oC a few feet by a sll 

6 (NWSPPWS w. 6). On the eaet side oi Coal Creek about half a mlle 
above the C a d  Creek m e  two beds of coat 6 feet and 1% feet thick are ex- 
posed, dipping 66' N. 25' W., amoclated wlth w e d  otbet coal bds on!g a 
few inches thick. The beds were pro~pected a omber  of  gear# sgo, bnt no 
ml was prodncd commerclallg, They are an the mnth lLmb of the syncline, 
approxkaatelg at the same h o r l m  as the beds farther downetmam, which are 
on the north U m b  of the wcl ine .  

6 {SW%PJICX arec. l), B bluffs on the swth slds of Matannalra RIvm 2 
n d l h  a w e  the mouth of Coal Orek bedm are erpo%ea d!pping 46' 5. SO' E, 
whlch include three beds of coal of commercial thlcknem BectIonu meawred 
a t  two plaes in this bluff are given in figure 2, and the analgrris of a sample' 
of coal from the upper bed (p. 42) ahows it to be o f  bltnrninous rank There 
seems 0 be only a few acres at thh lmlitg underlain by the coal bed& which 
are here e*powd In a gmall faulted area, along the eastern extmaion of the 
Coal Creek syncliner The demlte were examined by the Naw in m1, a8 
prevlonaly described 

T. W 1IC.g B. Y E. 

7 (Nm%NW% nec. 8 ) .  In the area b e t w m  the Coal Creek dlstrlct and 
Anthracite Ridge no indlcationa of ml haw been found or reported. The 





northmtemmmt showing In the d n b a d t e  Ridge dierick is near the west end 
of the ridge, a quarter of a mlle north of Ita crest CoaI Mmsom (emall, loose 
fragments d coal) has been found there, but no g m d  outcrop of ooal, Black 
shale of the Chickahon formation is well expo~ed In the ravine$ dipping 60' 
S. 20' w. 
B (NW%BW% see. 3). On the c m t  of a mutbern m from Anthracite 

Ridge a pit was dug in 1931 on coal blonsom and erpowd 2 feet of m s b d  
coal, dipplug 70. N. 2 5 O  E. and mderlaln by four other coals, & 9, 10, and 
10 inch= thfck. Epastltd from one another by a few inchee of shale, m e  
amIysis of a cornmite mmle f2om flve bds (p. 42) s h o w  the coal 
to be of semtbituminons rank, with nnusuJlg Iow ash content. The &eep 
o w  of the dtp and crushed condition of the coal suggest t ha t  the localitg 
has been faulted or landalfpped. 
9 ISEWSW% set. 3). On lower 81- a quarter ol a mlle ewtheaet ot  

tocallty 8, a pit exposed 2 feet of crush& coal dipping 70' N. a 0 O  RI+, wUch 
may be a portion of the be& that were uncovered at the hlgher locnlitg. 
10 (#HI?4BE% aw. 3). On the npper slope oi the ridge, three quarter8 of a 

mile eaat of JucaUb 9 about 2 feet of rusty, bony cocoa1 is  exposed, In a 
W-foot band of black shale dipping 60' S., which lIw betwwn thlck bmda 
of snndstona !Che coel mne Beems from the structure to h m l b l y  about 
the same as thmt of the m a r e s  farther west 
11 (SWXNEJA see. U). In the ravine of the west branch of Mmdow Creek 

3 coal beds 13, 12, and 8 Inches thick are expoed. They are rather wldely 
aepamtd bg d a b  and sandstone be&, t ls Rtven in the section on plate 9, 
the Iowest bed being nearly 150 feet below the hlghm Tshe series dips about 
l b O  B. 3OU W. 

22 ( S W % m %  nee. 11). In the mvlne of the middle brand of Meadow 
Cm& there la apomd abwt I foot of bony coal in black shale dipping 
30'4' S. The rrhale l a  lntraded bg two slllq each 1 foot thick. The atrEke 
uf the be& hdtcatadl that the coal Is the m e  as that of locality ll. It may 
be a weetern exbnsEon of thicker beds whEch ate c x p w d  fnrther east. The 
analyai~ of a ample  of the  coal (p. 42) shown It  to be a rremianthradte, but 
rather hlgh in ash content 

13 {Nm%SEkh sec. 11). Xu September 1WI and again in AprlI 1B2 con- 
siderable trenchiag and plttlog was done on Mal indlcatiom near the base 
of a mall rldge at  the foot of the main  lope of Anthracite Ridge. On the 
western ahowing3s 2 feet of crushed coal and maly shale wa8 unco~ered, 
dlpplng 70' S.: but eastward in a, diatance of less than a00 gar& the coal 
either pinchd out or pxded into coaly ahak m e  analysis [p 42)  ~howtt the 
cml to be of bitamlnons rank, with mderatn as& mtent. 
14 (SW"kNWT4 BW. 12). On the ridge betwen Meadow arrd ChlkobtPa 

Cteeks there is -1 blrwsom, nnd a plt exposed two beds of coal. 3 feet nnd 
4 feet $ inches thick, wparakd by 16 lncbes of shale and coaly shale, dipgln~ 
M* S. 25' E. Analysts of a composite sarnnle from the trvo beds (p. 42) ~Ilows 
the coal to be of eemlanthracite ran%, but with rather hlgb ash content. 
16 (BW%NWx am. E). On the eaat dde o t  the east branch of Chickootna 

Oreek a pit uncovered coal wlrh shale partlnga, 6% feet in total t h i c k n ~ s  and 
dippln~ 40' S. The coal seems partly coked and is overlain by 4 feet of balm3 
shalt dtbough no intrusEv?? m k  wm notleed Immediately above tbier, such 
rock i~ probably preeent. There ts a IOfoot M l l 2 0 0  feet to the north. and about 
400 feet farther north them ie a thick band of diahse from whlch the thinner 
sllls may be ofishook 
I6 (NEJ6NTVN rn 12). On the divide between Chikmtaa and Pimhton 

Cree-, a few gar& mnth of a thick band of diabaee, athere ia coal bl-m 



A pit 8 feek 2 inches ol ml, divided by thcee partbg of shale and 
bwe and dlppIng @lo S, me ml is hand and lmtrona and l a  ammntly of 
semlantbracite m k  
17, 18 (NE%bah'TV$ mx. 12) :  19 ISPJ%NW%i see. 12). On the west side 

of me ravine of Parintan Creek trenching was done in 1931 on coal wt&ops a t  
three p;lans. At  the northern e m u r e  (lmlitg 17) about 4 feet of coal 
WAB U D C O V C ~ ,  dipping 45' S. This ls apparently wmianthracite abd m e -  
what altered byi proxlmltg to a ail1 2 feet thick, At the central exposure 
(lacaltty IS) there are fom beds of coal 98, 15, 15, and 14 inches thkk. 

The npper two beds are -rated by a &Inch 111: tha others by %inch 
partlnlp of shale. The -1s wrn to be semlanthmdte, and tbe beds dip 40' 8. 
20' W. At Ithe gontbern exposure (lwnlity 19) nbont 18 f e t  of cml was nn- 
covered, hetween two thin dlls of dinbase. An analysb of ma1 from the 
lowest k d  (p. 42) shows it to be semlanthractte. The character oi the W e  
in tbls vlclnlty la shown on plate 10. 

The coals of lo call ti^ 16-19 wem from the Bt&e and dip. of the M e  to 
be in the same coal-baring m e .  The detailed section at each pace Es ~hawrr 
on plate 8. 
20 (STC%NWs w. 12). On the hfllside south of wmt frm loealitles 31-19 

a large plt was excavated on ma1 blossom, and clean coal was found. 24 feet 
In total tblckne~s. The beds there dig 35' SW. The coal 1s divltled Into C 
benches by shale parttnm 3 or 4 inches thick. Analyses (pp. 4243) of a M W D ~ ~  
from the upper bnch of 1.0 feet of coal and of a combined ~lample from the 
w o n d  and third bnchm of S feet and 4 feet of coal, respectively, &ow them 
bath to be aemiaathracite. A mmple from the lowed bench of 7 fwt of con1 
@how it to be of lower rnnk, the pester percentage of volatile matter making 
I t  a pemlbltnmlnona mil. It la of Intere~t to h d  the lowest third oi tbls 
%fmi caal de@t to be less devolatlllzM than the upper portion 
21 (BEY+NWx sec. 12). About IQO yards mst of the hFge pit another was 

dug on coal blossom. and n thlcknm of 8 feet 4 incha of coal was e m ,  
dlpplng 30" S. The coal Is there spllt into three mcrnbers of 32, 1% and 34 
inches, the npper and mtddlc membem mpnrated hy a 8-inch shab mrlbg 
and the mlddle and lower by a binch nlll of dia.ahne. AnaIyws of a combinerl 
sample of ma1 from the upper twa  member^ and one from the lowest member 
(p. 433) show them to be ~3ernlanthraclte. The upper members have mther 
high ash content. The low& member rank# almmt R B  an anthracite. possibly 
because of the proximity of the thin dll; and a separate analgsla of caal from 
the lMnch member might hare allown It also to be nearly an anfhacite. 
Although the ma1 Is much thlnner than at the lfirpe pit, it m m a  to be a 
portlon of the same bed or bed& 

22 (SEXNWX mc. 12). On the wwt arlrle of the ravhe of Pnrinton C w k  
100 pnrds en8t of Iocalltg 21 the same berls were praqmted by trenching and 
found to dip 25' S. 10' W. The ml is there dlvldetl Into npper nnd lower 
principal members, 36 and 34 Inaw thick, wltb 2 Intemedlate W d e  of 
broken cwl 20 and 10 inches tbtck The nppermost coal Is Immediately under- 
lain by a slU of diabaae 8 feet thick; the other m e m h  are separated by a 
few Incha o t  shale Or bone. Analyea of coal from the u w r  and Iowef 
membm (p. 43) P ~ O W  them both to b~ semianthracite, dmilnr to the coal 
of the same beds at localltl~ 20 and 21. 

23 IBRlkNT'X set. l2F, On the wwt bank of the r~vlne a t  Fnrjnhn 
U m k  200 to 300 fwt north of a small mass of diabnae n bed of coal ia a- 
med which hns an apparent thfckne~a of 35 to 40 feet. It is the most promi- 
nent erposnre of coal in the district and has been the can% of much specula- 



tian as to the siae of the depaslt. Tbls bed Beems to be wfthfn the month 
limb o f  s qncline and Blw about 20' N. 90' E. ; but the coal ireems to be cut 
(36 on the north and math and a h  on the east by minor fanlts. Qn the mat 
bank of the ravine, wbem the coal ahodd b if nnladted, mere are thin- 
M d e d  mastones overlying shales, which probably in turn overlie tbe coal. 

. C a I  blossom on a amall ridge 100 garda west of the bed and the appearance 
of tbe hiUaide jnst above I t  suggest that thia s m l l d  "big bed" or coal ie 
In part lanhllpped. Although the coal b hard, It ie consriderably fractttlred. 
The mtlon of the ledge as measured in 1033. by R W. Richards ia glwn on 
pilate 8. Four an*- co~erlng the entlre tbic$nem of coal (p. 431, show the 
coal to be semianthracite, with rather high ash content but also fairly high ' r 
heating value. 
24 ( N E W S m  sec. 12). About 5OQ yards southwest of the '"big W" there Is 

, -1 blossom for several hundred feet along the brow of a bluff, and excava- L 

tlom made in 1Wl and 1932 uncoverd 2 to 6 feet of broken md nndmenth 
sandstone dlpplng 10' N. 30" E. The blnff i~ nearly rIOO f& hfah and i@ 
formed by a thick af diabase, tbe coal appnrentlg being about 60 fe t  
shove the top of the sill. The analysis of con1 from the wt end ob the 
bluff {p. 43) ahom the highest Wed carbon and highest fuel ratio of all 
the coals nampled from tbds district. A burning test  of 80 pounda of tbls ma1 

, m a  made in June 1962 by Maurice L. Sharp, chemist o f  the United States 
Bnreau of Mlnes at  Anchornge, In the heatlng furnace ot the laboratory. 
H e  8nrnmarlzerl the results as fallow8 : 

'The  coal provwl to be suihbIe fW fuel when fired m d e ~  the n w s w  
mnditlm. The aah dld not cllnker or fuae but retained Its o t l ~ 1  shape 
Until entire4 nmmmed. Much of the Cbal figpared atnined with rust, and 
some bone waa noted. The coal crackles when drst introduced to the are 
h d . "  
a ~ml/+awx KC. x z )  ; aa (mvyasnx W. 12). mom the -1 

of locality 24 the beds flatten northward to a ~haIlow B Y B C ~ ~ ~ B  and then are 
turned up to steep 8011th dtp, where ledge# in the ravine# at localltierr 25 tmd 
B expose 10 to 16 feet of black Bhala and mnly abale. P r o m  trench- 
ncroaa t h e  beds uncovered only thin 1- of coal In the ccialg sWe. The 
m l o n  st Iocallty 25 Irr glven on plate 8. 

, 2731 (NW1/,SE% sec. 12). The s l g e a  o f  the ridge t h ~ t  eparatea the enat 
branch or Pnrinton Creek from Shana Creek do not 5how g o d  e9gomres of 
bedded rocb in place, in the gone b e t m n  the areas of Igneons rock. (See 
pl, 2) Thls amlq la npprwtly faulted and much broken. The ml zone 
has mmtituted a Pert of thh broken area, and hence coal bloMom ghows at  
R ntrmber of places, Excavatinns were made In 193l at lacallti@ W-31. In 
each locnltty 2 to 6 feet of crushed coal was nnmvered, bnt no solid b l  was 
found. The observed dips of about 30' 8. may conform apgroxhately to the 
nttihlae of the broken blocks of thh fatllted mw. 
.a ( N E g  [3m set. 12). About 2 feet od broken coal El m r r e d  on the west 

aide of the gorge of TnItmakna Crwk, half a mile east of the last-described 
outcrop& On the steep slope the surface m b  are plumped, but the dip of 
me coal probably m n f o m  to that of t k  enclosing shales and the nnderlylng: 
silk, whleh is 30" N. 20' E. 

8S (NWySWG see. 7 ) .  On the east slde of the of IwaUty 32 a 
trench wan dug tn 1091, at localibr 33, enposIng 4 feet of coal and coaly 
 hale dipping W0 N. 20' E. The two emmum are ilpparentlg ai the Bnme 
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EN bed, and tbelr gosftIon e m  EO feet above the thlck ell1 r m g m  that 
they belong to the game: coal borhn 9s the bed of l d t s  M 

84 (SEC%NW% sw. 7) ; 35 (SW%NE% m. 7) ; 38 (SE%NB% mz 75. On 
tbe upper dope of dnthmcl& Ridge about 200 feet north of the wblteaed 
band in the erandatone and &ale bnt stratimphial ly 130 feet below it, 
ml blossom was noticed at three place& At locnli t y 34 a bout 2 feet of crtwhed 
coal dipping 20' h'. (wertnrned) was uncovered by diMng.  A t  l ~ ~ a l i e  35 
there was 2 feet of m l y  shale, dipping &O' N., 8100 o~ertnrnd.  At the e a d m  
exposure (localitg 86) there waa 2 feet of mEy ~btile, overturned to a dip  of 
20' N. Tbe detalls of the folding on thew upper  lopes are we11 exhibited 

- by the bind of whitened beats, na shown on plate 8 and in cross section C-(l', 

of plate 4. No evidence at the coal horizon wan found farther ~011th klow 
the whitend band on the lower dopes. 

37 (NWSNT4W sec. 18). Trwchlng w8s done In 1031 w ~hmlnm of coal? 
ahaIe on the west dde of Kutzkatna Creek, In a place where the ChlcbEoon 
W s  are intruded and locally altered by wverat 8111s 2 to 10 feet thIck. A bed 
of T Twt of coab ahale, dlllplng BOD S., was uncovered, but at tbla spot I t  did 
not show any clean coaL 

38 (NWSNWTk ~ec .  IT) ,  The maly shale of locality W may be Dear the 
@&ern margin of an arlglnal small area of coal deponiflon, for tbenc~ east- 
ward the next blossom obwmed was three.quartem of a mile away, nt I m A f W  
38. Here, aa at I~cality 37, coaly sbnle wna uncovered n m r  a group af thin 
@ills. Abont 2 feet of the coaly materlal wan meamred, dipping 800 SW. The 
two locallties mlghght be  correlated as being of approximately the same horlma: 
bnt the stractnre In the area hetween tbem is so complcx that Bncb correlation 
mnnot be defleltelg made on the h e i s  of data a t  hand. 

89 [NEI%SW% six. 0 ) .  On the crest of a small upur on the upper aim d 
hthraclte Ridge 8 inches of coat dlpptng 10' NW. wae seen. Thia Ilea 1 0  
feet ahve the  whitened band find dips conformably wfth the other rock of the 
vlclnity. It Es probably a  mall lens In the shales, much higher ~tratigraphl- 
cally than the principal coal outcrops. 
40 INEJGNEG sec. 17) ; 41  (NW%NW% eec. 1%) ; 42 {NBllkNW& set. 16). 

On the slopes M o w  lml i ty  39, In an nrea draind by the headwaters of 
Wlnding and Muddy Creka anti Packwadle Galah. there are nnmerona show- 
l u g  of cool. The weternmost promlaen t exmnre Is at locallty 40, in the ravint? 
of upper Wtodlng Creek, where a &foot ma1 be8 lies abont 50 feet a h v e  a 
BI I~  of diabaae 10 feet thick. Tbe betis here dip 10- N. 10" El. An analysis 
(p. 43) ahowa the coal to he of bltumlnons rank, with a rather high percentage 
of ash. Its fuel ratio of only 1.5 indicates that the ml has been unaffected by 
the sill below It The m i o n  exposed here la given oa plate 9. In two other 
places to the enat where the coal bed and the 9111 cross ravines, at localities 
41 and 42, they main€ain the same relative positions ; but the exp~nres of  
beds are not so good and 6how only 2 feet of coal, dipping about 6Ci0 N. 
43 (NE)%NW$ eec. 16) ; 44 (9BfLSW36 sec. 91. On the vmt side oi the 

ravlne of Mnad~  meek a qoarter of a mile east of localtty 4% there are 
several tbln beds of -1, perhaps 8 feet in total thIrknes, in a arl- of 6(l 
feet of h d s i  BIppIng 10' 8. 20' E. Northward for XOO yards the b d s  hmease 
in dlp, to a mlnor antlellnal fold on whose north limb the beds dip n h n t  80'. 
About 200 yards north of the cmt of t h i ~  small fold, coal is again exposed 
nt locality 44 in a small, ~ba rp  flynclhe or m i b l y  a minor fault. About 
3 feet ol can1 ia exposed, dipping 80' NW. 

45 (SW %SR??4 we- 9) .  me mmt prominent exposare of coal on upper xnddy 
Creek l e  on the east dde of the main ravine, where the M a  are ciordeb 
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folded into a sharp antlelhe, as s h a m  h m a  wcaon JLD', plate 4. A swLion 
memert ucms the k d e  on the north Limb, to the ad% of the fold, h gioen 
on plate 9. The l o m t  coal bed, containing 6 f e t  2 fnches of coal divided 
into two nearly equal members by a shale parbg, is doubled into a hairpin 
fold, The analpk of a( sample taken halfway up the side of the ravine, 
acroea the loweet bed, excluding the h l e  parting (p. 481,  show^ the coal 
to be of rather low bituminous rank, with the same fuel ratio (1.6) @a tbe 
coal nt locality 40 but with higher ash content. 
46 (BE$&BEI% me, 9). On the crest of the ridge above locality 45 there 

ere f l ~ e  M 8  of coal, all comlderably crushed. Southward along the xidge 
theg memure 2, 2, E, 4, and 10 feet in thlcknw. The gronp ig probablg 
eqnlvalent to tlle coal beds of the $ect!on menanred halfway down the dope. 
They all d p  80" N. 80' W. nnd are apparently In BII np-faulted portion af 
the coal-bearing serlea for tbe eorrespondlng p~rtion of the ~011th limb of  
the fold  doe^ not @em to In? present along the crest of the ridge. 

47 ( S l x B E s  sec. 0). On tbe east slope of the ridge below locality 48 
a 2-foot bed of con1 at Imli ty  47 dip8 W S, 10' and Is probably of the 
same sone as the MBs on the creat. Beveral landalim h this vicinfty contain 
detached portions of a sill and @ve wIdence of the  character of the fanlting. 

48 (NWlkNEX see. 18). On the east bank of upper Muddy Creek four 
c ~ a l  beda ere exwed, 44, 8, 0, and 6 inches thlck. Tbey mrn to dip SO4 N. 
30' W., but the &lopes abme are land~ligped, and the block mntalnlng the 
coal have m e  down fmm a localitg near the mt of the ridge, 3QD 
or 400 yards to the east. Whether they are in place or have been faalted 
or landsI3pped to their p w n t  position, tbe coals are very probabIy portlens 
of the M a  e x p w d  farther up the ravine. 

49 (NFISNEX sec. 16). On the crest of the rldge 200 feet north of asharp 
ant ic l lnd axla a &foot bed of coal in exposed, dlpping 70° N, 20° W. Strati- 
graphically It seems to be of & same zone as the ton1 beds farther north 

50 (Nw%NW$& sef. 15). On the west side of upper PacltgaddIe Oitllch them 
are bed8 of shale and Ironstone, with -era1 thln l enm of mel. and two bPd& 
eaoh a m t  9 inches &I&, of coal whfch bas been somewhat altered by an 
adjacent si l l  2 feet thlck The materials are in a landsllppwl mnm wwhh bas 
come eashartE d o m  from a IocaIity near the creat of the rldge that separates 
Packsaddle Qaeh from Mnddy CFeeEr. in similar way to that la whlch the 
coals at lcmlity 48 probably m c h M  thelr gresent position. 

E l 4  (SW%NW% s e t  15) ; 54 (NW%SW% am. 15) ; 6M IS1D%lilW% aec. 
35). Along the sonthem portion of the ridge that sepamtes Muddy Cmek from 
Packsaddle Gulch coal and ma1 blossom show at aeverai plam. At localltla 
51, a and 6.3 tbere are two beds of rather bony and shalg mal, 4 feet and 2 
feet thick, m t e d  by M feet of shale. The serfes dips S., and the thma 
ex- am -rated by faults of a f m t  thmw, uplifting the bedn to the 
aouth arid causing their repetitLon. About 50 yards south of localltg 63 A 
vertical dike d diabme 10 feet thlck la  expa&, and 100 yards farther aouth 
along the ridge the two ml beds are again exposed, at locality W, with dip 
flattened to 30' and turned in direction to sootbwest Tbenm eoulbwartl 
arong the east brow of the ridge the coal borimn fs marked by mdy s h ~ l e  ta 
the point of the ridge at I m l i t y  56, where the upper k l  has thlcloened to EL 
feeC of bong ma1 dippfng 30" SW. The lower coal bed is not visible at thin 
plam. 
68 (NW%NW% sec 22). On the southernmost polnt of the rldge the two con1 

beds haw thickeried and turned in dig to 20' NW. and are %-d in a aectfw 
as dven on plate 9. Analysis of a rrample of coal from the upDer bed (p. 43) 
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shorn it to be of bltornlnons rmk, with a moderate ash content and a fuel 
ratio of 1.9. 

51 (NE1%NElJk set. BE. In a ravine W yards west of lwallty 58 the mne 
of the taw ma1 k d a  Is indlcatd by black shale, bnt the c m l ~  have either 
pinched out or g r e d d  laterally 1nto shale. The horieoa of the upper coal bed 
& rep-nted by 1 foot of coaly shale, dipping 10' NW., but evidence of the 
lower coal bed was not found at a l e  place. 
5& (SE$NW% m. 16) ; 69, 80 ( SWjrph'Ex sec. 3.6) : 61 [Nm%BE% rseG 

IS). At several places in the r v l n e  of Muddy Creek In 8ec. 16 coal is exposed. 
One d the mmt prominent placm is nt locality 68 (PI. 11, A ) ,  where eight 
tlrin beds, mntafnlng about 8 feet of m1, are upturned against a fault. About 
fiO yards aownstream, an the oppo~lte (east )  side of the ravine, two or t h m  
thin coal beds are exposed at locality 59. The npparent dip is abmt 40" SIT., 
appmxLmattelp conformable wlth the betla on the wmtt sfde of tbe ravine; bat 
they seem to  be landslippea. About yards farther downstream and 
agaln #W) yards still farther south, at localitlerr 80 and 81, there are sbowinm 
of about 2 feet of coal, but in each place the beds are probabiv landsltpm. 
62 (NHxSW% m. 161. On the west side of Bfaddy Creek ml beds whlch 

are evidently of the mme horizon as  tho^ a t  locatitSes 68 to 61 are e m  In 
a small side ravine. Several thin h d s  were seen, with a total of abmt 2 
*t of coal; they dip 30" SW., confmablg w i a  the other beds of the 
Chicltal~n formation In thls place. 
g3 (NE%SW% a. 10). The sonthemmost prominent -re of coal on 

Muddy Creek is near the level of tbe stream at the base of a bluff capped 
by a thick sill of diabage. The dl1 and nnderlyLn~ b d s  dip 30' SW., and 
the seelion rneasnml here 19 pi- on plate 9. A sample was taken fmn 
the prlncim coal bed, n%ar the bnse of the sectlon. The analysis (p, 43) 
ahom this  to be a bitamioom cod of fair quality. with moderate ash content. 

64 (NE%NWW ~ e c .  21). On the bank of Muddy Greek nt local ib  84 there 
Is a remnant of black shale over-g a thick sill, in the axls of a sh~llow 
amdIne. In the shale there Is 1 foot of maw abale dfpplng W o  W. n i s  
may be a I m l  Ims, higher in the fomatlon than the principal coal beds of 
tne Muddy Creek srea, for th-e all Beem to underlie the thick siIls. 

(SEWW?4 m. 22). In the middle part of Packsaddle I;lalch evldmce 
of coal was noticed only a t  locality 65, where there is 3. foot of coaly &ale, 
dipping NW. This alp l a  conformable with that of the coal beds at 
l w l i t y  Mi bnlf ft mile t o  the northwest, and the paly shale la probably a 
minor bed aeveral hundrd feet lower la the fernartion than the coal M a  
!Phis thin eoa1.g ahale iiJ at a~proxhmtely the eastern mar- of the coal 
bnstn. 

88 (NE%SB% see. a). On the lower slopes east of Muddy Creek a pit 
dug m coal blossom uncovered 2 f e t  of cod, drppdng 5 0 O  S. lo0 P1.  he 
rstruchlre of the a h a l e s  exposed to the west, in tbe banks of Muddy Ureek, 
indicates that the coal ahowlag is QII the south flank of a smaU snucunal fold. 

67 (SW%NBI% Wc. 3 9 )  ; 68, 89 (NE%STT% 191. M m g  the middle por- 
tion of C a w d e  Creek the HrnCtUW h well shown by W s  which gradually 
flatten southward to a mncllne. At three placea beds d malg &ale aboat 1 foot 
thick were m n  dipping S. 3Q0 E, at angles of a*, lo", and 6". T h g  am 
evidently at three separate hotitons In the formation. 

70 (SW%NW% m- 23). In the sontbweat part of the dlatrict thtn h d a  of 
eon1 are exposed at places along lower W n t o n  Creek. Where me 
cree.k pmm- b m e u ~  prombent rldgea of Blabage, black shae La expo& on 



fts south bank, and excavatlaw were tbwe made in 1B1 O n  Mal ~ h m n g a  
About 3 feet of m h e d  ma1 and maFy  bale wne uncovered, dlpplng 20- N. 
Thls rnaterlal Is overlab by black shale and underlain by 2 feet ot gray 
shah containing leaf impressions, beneath whlch i~ thin-bedded sandatone. 
The analgais of a 8Hmpk of the toal (p. 44) ehowu I t  to be of bitnmlnons 
rank wlth maderate ash content. 

n, 72 IUW~/,SW set. 251 ; m ( m w w %  W. 25) ; 1% IS (SBXSWS 
, tsee. 23). On the -st slde nf lower Purlnton Creek (we pl. 11, B )  two thin 
bed% of m I  aria cmIy shale C R ~  be traced fairly oontinoously for mme distance. 
At I c a l I t y  71, Dear the top of the blnb, there is 1 foot of m l y  shale, dipping w 
!ZOO N. XI0 E. Lhwarctrrnm thlg berornpa more  coal^. and at  locality 12 it 
Is 14 inch- thick The ~nnlt81s of a sample from this place (p. 44) shows 
I t  to be be semibituminoua coal with low a ~ h  content. At the ontrrov I t  1u very * 
friable. In the lower mrt of the perpe, a t  locrrllity 73, t?em is  a &inch bed 
of mal, which may be traced for 200 yrtrds, to cllocality 74. .A. quarter ol a 
mile far'ther down~tream, at IOrrlIltf 75, the W a  are well expmed where the 
surface noU has ken removed by a large landslip. In the lower part af the 
bluff there are two M a ,  each a b u t  18 Inchem thlck, of friable, ahah coal. 

7fi (NEXNWW set. 26). A great landalin sear at  locaHty 76 expowa the beds 
from top to buttom oi the gorge. Tbe section measured here in 1851, by R, W, 
RbchnPffb Is glvm on plate 9. It shows sfx ml w e ,  16% f& in total Wck- 
ncrss. The rocks steepen in dip from n h t  40' nt the top to 80' 8t the battom 
of the gwm, w h e m  a t  anotbw lnndslide exposure 100 gar& to thp north. 
werrt, the  bed^ &teepen imm 40' at the baae to f?O" a t  the top of the section 
Thrse Irmfllar dfps art! probably fndicatfve of frinnltlng, along the northern 
portion of a cross fault whlch bring~l to the anrfece the Upper Csetaceons beda 
of the prominent ridge west nf E'udntm Creek 

77 (SWXNE% sw. 26) : 78 (NW%SE% m. 28). Farther down Purlaton 
C w k  mat in  amln e x p w d  in n landdide scar at  localfty 77, where the 
beas dip SO0 8. 10' E. Two thin bed8 of coal are -1 neat the top and 
two beds of M B I ~  ahale In the lower part of the sectloo, rneamwd as &own 
on plate 9. The soutbecnmmt e v r e  of coal not& almg the creek waar at 
locality TB, where 1 foot of malg ahale dm 10' NE. 

The crvale d localttles 71 to 18 seem to form a gmmp of thla bed8 in a 
mi- of nabut 400 feet of shale and lentlmlar mndstone. 

TB (NEI/aNE)$ see. 28). On a riri~e mst of Puilntaa Creek ma1 blossom 
was n o t i d  in 1831, a b u t  76 feet below a d l  of d i a b m  that forma the crwt 
of the ridge. On excavation 18 Inchew of coal was erpmw3, dipplng m* HI. # 

The analysis (p. 44) nhow8 it to he of semlbituminow rank wlth very low 
ahih content. Some portions of the coal show stwtg luster, aa if part1.v coked, 
preenrnsbky by adjacent igneous rwk On excavating along the coal it waa found . 
to be a lens. pinching to 3 or 1 inches within 1B feet ~ e c h  way from the 
thickest ahowlng. It mrns to be stratlgapbicallg several hundred feet above 
the nearby coals @f Putfnton Crdr .  

80 (NW sec. 25). On the east islAe of Conglomerate Greek 2 feet of 
m I y  shde ia e-, alpping 45' S,  80' E., in a 1oraIiW where the m k s  
haye been mnside~blg disturbed by faulting. The coals material IB h shale 
W feet or more thick, between thick beda d conglmemtPc andatone, 

81 (am54Nw36 Bec. 80) ; sz (aw%rn% aec. 80) r 83 (rn%rn?4 eec. ao). 
Abont tbree-quar&rs 'of a mile nortneast of locality 80 dmllar coaly shale is 
ezp#ed In the ravine d Caflcade Creek. At localities 81, 82, and 88 there h 
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6, 12, and & h c h a  of the w l y  material, f l a m i n g  northward In dip from 20' 
to 1W. Thla flattening contlnuee to the asls of a syncline amrly half a mile 
north of locality 85. The stmctnre of the M a  to the north indicatw that the 
three cmlg Boner! correergond approxlmateTJ d t h  t h e  M localities 67, 68, and 
89, on the north limb of the ayncllne. 

84 I B E N N Q  .gee 33) ; 85 ( S W x h w  sec. 83). , c=tiirs along t b  north 
side of the Mataunaka River show gmd sectlona of the Chlckalmn beds, and at 
weral places b d a  of coal and coaly ehale are exposed. A t  lomlitg 84 there 
U 5 feet of cmty  hale near the top of the bluff, In black shale dipping 40' N. 
30" W., Wenth  thkk-bedded sandstone. At local[ty 88, in the blnff jnat west 
of the mouth of Nud~ly Creek, there b 1 foot of coalg shale wItb the same 
dip as that farther we& 

86 (NEBAXEX m x .  33); 81 ISEJ6SWX sec, 27). In the bIuff 200 ~acds 
eaat of Muddy Creek l foot of coal Is erpmxl ilt locality 86, in a erleu of shale 
and sandy shale dipping .W BT. lPbe mat can be traced fairly continuons~Y 
eaatwnrd along the bfn&, and at localltg 87 It is 18 inch= thick The cml 
la friable and appetlm to be of bitominous rank 

M (NWSSw* m. 27). On Muddy Creek half a mite noeh nf the river 1 
fmt of coalg abale is expowd In beda &at dlp 30" hW. Althongh na coal was 
obsemed In the bar& of thla portton of Muddy Creek the materiel f o m  a 
carbonaceous zone in which thPre may be thtn coal beds. 

RI) (SW%Pmx s w  27). Tbe eastern l imi t  of the -1-beacln~ M a  on the  
north side of the Matannaka River Is at locallty 89, where the Chichalocm 
shale and mndstont! are sharply upturned against a fault that ha* bron~h: to 
the SUrface the Upper Creteceous marlne sandstone and %hala The water of 
PackEiaddFe Gulch cascades down the steep slope to the rlver, l e ~ ~  than 100 
yards west of the contact d the two formations. The coal-bearing portion OF 
the saction there e w e d  Is ahout es &own on pIate 9, and includes two thln 
coal beds. Anal- of samples from these M a  (p. a), 18 and 16 lnchm thick 
where the3 were earnpled, show them both to be of semIblturnlnous rank The 
auriace coal is very friable, but where miwealbered it may b~ more solid 

90 fP;BJG[?IE% mec. 5). On the south slde of tbe Mainn- River In the 
vicinity of O'Brlen Creek there are wveral ahmlnbs of mu1 berla A t  locallty 
80, about 500 yards west of the creek, there are two beds. 24 and IS fn&m thick. 
with six other beds only a few inchea tbick, as aven in the section on plate 9. 
The bedn dlp 40' S. 12' E. 
91, 92 INU'VI8WX sec. 4) ; 93 {SWJGSwX m. 4). In the r~v lne  of  

O'Rrien Cmk,  a quarter to halI a mfle above i t s  month, coal is 
in three place& At the Iowest place ( I m l l t y  91) them Is a bed of coal 
4 feet thick. nnderlaln by sIr other b d a  15 to W inch- thlck and several 
thinner ones, m ghen in the aectlnn on prate 9. Tbeile beds Btand nearlg 
vertical, the measured alp being 87" B. 20' W. The other Iocalitlea, 92 and 93, 
are about 100 yards farther uptream, They m l y  beds 25 feet thlck, 
mntalnlng nameroua ahale partlnp. The* beds apparently overlie the coal 
of l a l l t y  91 and are of a zone that has been foldd into an overturned 
Rjmdlne, whose limbs form tile expmw.  
a, a5 lhW%BE% sec. 4 ). Tbe coal b e  of O'Brten Crek are again 

erpoeed In two p l a m  In a gulch 800 yards farther east. kt the lower place 
(localitg 94) there Is marly 4 feet of coal, underl~in by 2 feet at shalg 
coal and shale. At the upper place (Iocalitg B5) there 11 only 8 inchea of 
ml, underlain by 2 feet of shale mntainIng some coal. In both p l a w  tbe m a  
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dig gently northeast. The rmks between Q'Brien Greek and tbis gulch are 
ealdently faulted or eharply folded. The relation of the severd ma1 beds in 
not clear, bnt agperently they regreaent two coalg mn& 

Coah are not m p t i b l e  of rigid classification, for the various 
kinds differ in physical as well as chemical properties. Coda that 
are chemically similar may difler so much in their physical charac- 
teristics that they am not suitable for the sane usw. In general, the 
percentage of fixed carbon is a fair indication of the quality of the 
coal ; but the fuel ratio (pemtage  of fixed carbon divided by the 
percenttqa of volatile matter) is more stttisfactory for the com- 
parison of diffrent coals. Campbell "n mys that the term 4hnk" is 
used to dmignate awe  diiPerences In coal that are due to the grogre~lve 
change from 1Ignlte to anthracite, a change marked by the loss of moisture, 
of omgen, and of voIatile matter. !Chis change i8 generally acco~panied by 
an increase of med car-, of sulphus, and probably of ash. When, however1 
one coal Is dIWguished from another by the amount of ash or wIphur it 
contains, thta dlfPerence Is mid to be one of grade. Thus "a Mgh-grade coal" 
means merely m e  that la rehtlvely pure, whereas "a high-rank -1" meam 
one that Is high ln the wale of coal$ or, in other words, one that haa suffer4 
devolatllimtlon and that now contains a mlIer  percentage of volatile matter, 
oxygen, and moisture than it contained &fore tbe change occurrM. 

Anthracite is a hard, bright black coal which breaks with a 
conchoidal fracture. Zt contains about 85 to 95 percent of fmed 
carbon, with low amounts of volatile matter, the fuel ratio being 
water  than 10. It ignites dowIy, burns with little flame or smoke, 
and does not softan or swell on burning. 

Semianthracite is a hard coal, though not so hard as a n t M i b .  
The percentage of fixed carbon is abouf 80 to 85, and the fuel ratio is 
htween 10 and 6 or 7. The lower limit is not very definite, for 
some hard mls have fuel ratio as low as ti, whereas some mft coals 
have fuel ratio as high as 7. Semianthracite conhias more gaa 
and hence kindles more readily and burns more freely than does 
anthracite. 

Semibituminous m l  contains about 66 ta 80 pekent of fixed 
carbon, with a fuel ratio between 6 or 7 and 3. It ignites easily 
and bums freely and rapidly, giving an intense heat with little 
smoke. It is considered the best coal for use under steam boilers, 
k w e  of its quick and i n h m  heat production. 

Bituminous coals are of many varietiw, with bed carbon ranging 
from about 42 to 65 percent. The fuel ratio has a maximum of 
about 3. In some bituminous coals the relatively large content 
of volatile matter consi& in part of gases, oils, and tars, in addition 
- - - 

=Campbell, BL It,, The ewrl Wds. o f  the United gktes, W B r n l  introdnetion: U. L 
Qeol. Bumey Prct Paper I-, p. 8, 1917. 



to the mud organic matter, and these coals burn with a yellow, 
mo$g flame. Many of the bitwinom d s  will coke. These am 
rich in hydnm.rbofls and are valuable for gas making. When 
hated they swell and fuse  to a spongy rmsss overlying the firs. 
The nonwhing coals do not melt; they hold their shape and burn 
freely. 

Subbitumhom coals are somewhat lower in f ied  carbon than 
bituminous wals, from which they can usually be distinguished 

w by their physical properties. On exposure to  air erubbikuminous 
coals lose moisture and develop shrinkag~ crmks, which cause them 
to slack (break down into powder) when subjected to  alternab, 
wetting and drying. Good bituminous coal will not thus break 
down, nlthwgh owing to fracturing it may disintegrate into h e  
pieces. Each small fragment of bituminous coal will remain fresh 
and unaltered for years, however; whereas a subbituminous coal, 
on slacking, under- chemical ms well as physical disintegration. 

Lignites are readily distinguished from subbituminoua coals, as 
they are brown and show either distinct wody  or uniform daylike 
texture, The percentage of voIatile matter in lignite is urnally 
higher than that of fixed carbon, so that the fuel ratio is less than 
1, The lignitas contain more moisture than subbituminous coals, 
the cantent usudly ranging from 20 to 40 percent. This m d u w  
the heating value and usually prevents extensive shipment, both 
h a u s e  of the. freight charges on the large mount of contained 
water and the fact that, when much of this is lost on exposure to 
the air, the 1ignit.a slacks and is smmptible t~ spontaneous com- 
bustion. 

ANNAYSE8 

The folIowing table gives m a l p  of samples of coal from soma 
of the localiltia indicated on pIah 1 and decribed in the preceding 
pages. Mad of the analyses are pmnted in four forms. Form 

L. A shows the cornpition of the sampIe as received at the lahratory, 
which ususIly contains more moisture than the commercial coal, , 
Form B shows the composition of a sample after being air-dried - 
until its weight is constant and is the form best adapted for the 
comparison of difFemnt coals. Forms C arid D, computed m p c -  
tively as free fmm moisture and free from moisture and ash, are 
of use in wmparing the heating values of different coals. 

The first four analyses, of' samples from Ghicksloon, Coal Creek 
and the south side of Matanuska River, wsre made by the United 
S t a h  Bureau of Mines." All the other analyses were made in 

Ffsldner, & C., amith, H. I., Paul, I. W., and Icanford, Samuel, bnalm8 of mine an% 
car mmplem of fOaZ collectwl la tbe fiscal y a m  1013 to 1918: U.B. Bur. M h e a  Bull. 123. 
pp. 2&28,1018. 



1931 a d  1938 by Maurice L. Sharp, chemist of the Bureau of Mines, 
stationed st Anchorage, on samples collected during the coume of 
the geologic dudy of the district. The last 10 analysss repwmt 
samples scraped from veinlets of coal in pieces of diamond-drill carp, 
and the apparent ash content is unduly high becaubuse of the particleg 
of shale unavoidably incorporated with the sample. The softening 
temperature of the ash was determined on four samples by H. M. 
Cmper, chief chemist, Bureau of Mines, Pittsburgh, Pa. 

. - 
~ ~ ~ ~ o f s s b . Z ; l s s 0 ~ .  
~mfmniog  temperature of esh. 2 . a e  F. 
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dWvaw ol m p l e s  ol coal trom AMlbMdte Ridge dbbrfot, Allas-ontd. 
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1,oa and 1,010 feet). 



The analyses show that in the Antbracite Ridge district there are 
coals ranging from anthracite to bituminous in rmk. Although 
some of the bituminous coals have a fuel ratio m low BS f .5$ th87 do 
not have the physiml characteristics of subbituminous co Js. None 
were ~ e e n  which break down to powder. 

The relation of the rank of d to tha structure is not dear from 
the andyss. In m e  of the f BUM.& and closely folded localities 
the -1s do not w3rn to be appreciably improved in rank by tho 
pmmne and heat to which they must have hen subjected. Analysis 
4483, representing coal which has been closely folded, shows rt fuel 
mtio of only 1.6, whereas andysis 4482, representing coal of the 
same or nearly the sllms horizon where gently dipping, shovs a fuel 
mtio of 1.9. However, coals to the mutheast, near the faulted con- 
k t  with the Upper Cretaceous rccks, are shown by analyses 4806 
and 48W to have he1  ratios of 6.2 and 5.0. Similar local effects of 
severe movement and possibly also the effect of intrusive rock a m  
shown by analyses 44'19 and 4808. with fuel ratios of 3.8 md 4.5 
for coals near lower Purinbn Creek; but fw-ther up the stream the 
more severely crushed ma1 of anttlfis 4481 had a fuel mtio of 
only La 

The effect of local r n e ~ o r p ~  seems to be 8hom by analysis 
4809, of d with a fuel ratio of '1.7, not far from the coal of analysis 
4484, having a fuel ratio of only 2.2. The coab of highest rank 
were confined to the area in see. 12, T. 80 N., R. 7 E, high on the 
ridge, which has been intruded by thick masses of diabase and later 
intensely folded and faulted. The heat from the masses of igneous 
rock appawntly drove off m e  of the volatile matter from the cod 
and prduced the high-rank coals of this small area. h k r  addi- 

' tional altemtion of the cuals by heat prdu.ced during the compEs- 
sion and folding of the b d s  may also ham taken place, Of the 14 
analyses of sampZm from this mea, 12 show the coals to be semi- 

, snthracitea One mpPa (an Jysis 4485) mnb only as semibitumi- 
' nous because of its Pather high vol&tctile contsnt, which shows less pro- 
nounad devoltttilization of this coal than of tho others sampled. 
The southernmost sample (analysis 4720) ranks as true anthracite, 
having a fuel ratio of 12.1. 

ALl the sm.mplw of coal analyzed from the a m  of relatively gently 
dipping beds where the Gore holw were drilled showed fuel mtios of 
only 1.4 to 2.6, except at the northwest drill hole, where coal veinlets 
a few feet below a 25-inch sill of &abase were of se'mibitwnjnous 
rank and noneoking. The other nino drill-hole samples wers of 
bituminous coking coals. 



The beds of high-rank coal on central Anthrecite Ridge nre in a 
small area of much faulting snd crushing, but i t  seemed possible that 
they might be found to continue southward underground and be less 
crushed and intruded by siIls in the synclinal ares in sees. 13 and 14. 
Accordingly it was decided to test this area with the diamond drill, 
~ n d  eight holes were put down in 1932, covering an area about three 
quarters of a mile square. The locations are shown on plata 2 (two 
holes being drilled at the southwest location). After completion, 
each drill hole was marked by tn post st in it and bearing a metal 
disk stamped &'DriU hole." 

All the hales were carried as deep as was feasible, the drilling 
being saspended only when the condition of the hole r e n d e d  it 
very risky to the tools to continue deeper. In the deepest hole the 
bit and lower portion of the drill rods were lost, owing to caving of 
the walls of the hole, Nearly dl the core from a11 the holes was 
preserved. It afforded unweathered spechens of the materids pne- 
trated but seemed on preliminary examination to contain little of 
unusual interest and hm not yet been examined in detail. 

The northern drill holm encountered materlale which were much mom 
fractured than had been expected. Them holes showed that for more than 
half a mIle beyond the b e e  of the ridge the beds are greatly fault& and 
crushed, The logs of the northern holes, rednced to tree thicbemea of the 
beds penetrated, are gk'en on plate 12, togcther wIth the mrceapondlng am- 
tloa expos& along Pnrhton Crerk, and arranged, as nearly as tke data would 
permit, on a common 8tratlgraphlC horimn. The sandstone at the top of the 
r r n t r ~ l  drill hole is expa& 40 yarda ea8twartl In the bank of mrhton Creek. 
The diabase sill near the top of the northast drill hole WTUS to conform i~ 
Iborimn with the sill at 200 feef (true tblcknw) In tbe central drill hole 
and with the sill at 94 feet in the northwwt drill hole. TbIs dl1 is probably 
not so defln'lte a marker as a di~tlnctl\?e mandeone or shale wmld be, but snch 
n definite bed was not present. 

At  the nortbwe~t drill bole the beds at the auriace dip 40' 8. This dip 
flattens somewhat for the first 250 feet in depth, then steepens to about 45* 
for the remainder oi tbe hole. In thfs hole 14 sllls were wnetrated, from 
9 Inches to 9 fwt 8 inches in thichem. From the lower two, which were 
meatly fmctnml, an artesian flow of 10 gallons a ~nlnute of sllgbtly sul- 
phureted water was obtahed. Some of the mar*gmln& aandwtonea contain 
fragments ol cml; and at  several depths the shale and snndy shale carry 
veinlets ot coal 1/32 to 1/8 inch thick At ntmeroua horlzons there am also 
plant remains as cartmnlwd films. In some places t h b  1s framentary material 
which ?\+as evidently deposited as such before being carbonized; bat at many 
h o d m a  there are weU-pmerred leaf lmpmaions. An analpis of a sample 
of ma1 from veinlets at depth of 475 feet (340 feet fn the trjlethlckness l ~ )  
la glven on page 44 and  show^ the materlsl to be of swnibltomlnoua rank 



COAL 

The hIgh &eh content IS pmbably due to ahale dmt wvoldablg Included in 
the scrngfng from the drIU core, and the relatively high rank af the -1 
mag have k e n  prcdvced by some devolatilbtlon by heat from an adjacent 
thin sill. 

A t  the nortbwrrt drill hole a fairly uniform dip at  20' to 25' wsa fmnd 
la the beda. Only fiw sills were wnetrated In thln hole, one near the top, 
three thln mea In the third quarter uf the depth, 4 a shattered dl1 near the 
bottom. This lawest sill ylelderl en artpsien %w of 8 gallons a minute of 
slightly Snlphureted water, stmitar to that from the bottom Of the n o r t b m t  
drill hole. BeIow 5Wl feet the beds were at  same horlnons much shattered 
nnd Bllckensjded, and raldte veinlets were m m m  at these plaw, l'he 
nnalysls of a combined mmple of -1 scrapxl from aeblets In core from 
depth8 of 605 and 705 feet (545 and 835 feet h the truethiclmesa log) , is  
given on page 44 and s h o w  I t  to be of bltnminonn rank. This sample Wns 
mmlderably lower in flxed mrhn and higher In volatile matWtr than the 
sample from the northweat drill hole, where the mch a* more ertenaively 
intrnded by silk. 

In the central drill hole, ~xwpt  for nn &inch stringer of Blabme near the 
top, only one sill was penetrated. The sandstones of t b b  bole are coamr- 
mined tban in the holes farther north, and everal rrf them mag be Am& 
wi fits. All these coarser beds contain fmgmenta ~f cool, in part a8 anlfnbr 
tragments o f  En inch in great& dlmmsions but chiefIy aa~ lenticular patch- 
a fraction of nn inch thick. The coaly material so Intimately fllls fractures 
In the grits that it a-rs to have been formed In place from s w l y  fragments 
or peaty muck Inclnded In the deposib Some fragmenls retain the recop 
nimble ~ha* m d  marking of wed cones. N w e  of the fragments have the 
appearance of rounded pebblw of coal inclnded in the coarse-gralned beds. 
A combln@d 8ampIc of coal from the fragments En grits at  310 and 490 feet 
in depth (ZW and 460 feet in the troethieknms log) wan analyzed (p. 44). 
It Is ~ImUar, on the ash-free hsis, to that iron] the .northma drill hole: but 
the #!ample showed less ash, because cleaner con1 fw analgsler was obtained 
from the c o ~ l  fragments in the prita than could be obtained from veinlets 
In shale. 

The eeguence of beds along Pnrinton C w k  BOB not 'accord wlth the ioga 
of the nel~hborlog central and northeast drill holm, nor do these agree very 
well wlth each other. The three uectiona dernnnatrah how greatly the beds 
vary kn character within short dktances. fo the #hales end sandg ishales the 
change Is prob&blg due chfeffy to variation In the texture of the beds them- 
Pelves but the w8 of sandstone and grlt are Ientlcular and do not mntlnne 
tor more thnn a few hrmdred yards before pinching oat. 

The Iogrt of the five sonthem drill holes, Muted to true thicknm of b d e  
penetrated, are given on plate 13. B~ctluse of the variation in the character 

A of the Wlmentarg beds no goor3 horizon marker d d  be fwnd common to 
t b ~ ~  Bve holm. A diabme #ill encouoteml In the three w-tern holm at 
  bout the same depth in mch seelna to nlfer a fairly definite horizon for wrre1n- 
tian; anA the data on the ~trl~cture w a r n a t  correlating this sill with the 
diabaw found in the south drlH bolt! at nearly 400 feet and In the southefist 
drlll hole at about 550 feet. In the lower portions of  the three %=tern 
holes and at around 800 feet in' the other two there 3s a mne containing send- 
stone and grit. If the 10958 were correlated on this wne,  the Aiabase bnnd 
wodd a p w r  to cut somewhat nerw the bedding, which may be its true 
posl tiom. 
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The sontbmst A d m  bole m a  put down at ml ande nmls  perpmdlcalar 
ta the dip of the mmce beds, at the Baame location as the southwest driU 
bolt% m e t  tbe latter had found the beda to increaee In dip from 10" at the 
snrface to a' near the bottom and had encountered frabnred, elickemlded 
rocks in a fault zone. Both drill hoIea penetratd much the name attanation 
of W s  h their upper portlona; but st the bottom of tbe aoothwest Bdll  
hole the holes were 250 ieet apart, and the lower portions of thelr low exhlbit 
mndderable ~ a r l a t i ~ l  In the 'beds within t h i ~  &ort tliatance. The anaIpsIs 
on page 44 uf a composite #ample of coal from veinleis In windy shale at  
800 and 4% feet In the southwest drill hole (210 and 810 feet in the true-thick- 
n a  Iog) shows the material to be of bituminous rank. 

The sonthmnthweat drill hole sncomtered mnch the same alteraatkm of 
bedEl ss tbe two southwest holes; but the lndlvidnal beds vary laterally betwen 
the two l m t i o m  Borne of the pits and coarse sandatones are fairly mn- 
tinnous beds, but others are evidently lentlcnlar and were not encountered 
In the other drUl holm along the Strfke of the beds. The dip of the 
k d s  in the muth+outhnest drlll hole was about 20' near the surface but 
steepened ta 45" at less than 5'00 feet and maintained this d p  to the  bottom. 
Rome of the ~~amegtalned beds showed considerable m@&bedding. I h e  
analysis on ege 44 of a  ample of c o d  from veinlet8 In sllale at  728 ieet (515 
feet in the true-thlckmss log) sbawa it to be similar to that of the vetnleta ie the 
soutl~weat drLll hole, whlcb were a00 to 300 feet higher In tbe fermatlon. 

The south drill bole is on the allwlal ban of firinton Creek. The upper 
16 feet of the hole genetmted gavel which containea water under suf8dent 
artesian pmmre to bring It ta the mrfaca Althongh the location frr near 
the axls of the sgacltae, the! mm? showed dips of  10' to W ,  with crW+beddlng 
at nwIes aa gm~t  as 45' at  a few horlmns. The formath as a whole was 
found to be finer-grained than it is fnrther west; although Sn tbel upper half 
of the hole several M a  of grit and sandstone were penetmted. In the lower 
part d the hde the  hale and wndg hbde were crashed and dlckensIded at 
several horizons, as if hy faulting. Aa In the other drtlt holes, mnch of the 
shale la carbonaceooe and at some depths mntafna coal veinlets & to 49 Inch 
thick A comhined  ample was prepared from veinlets at 96 and 1% feet in 
depth, imd a r*milar mmple was prepared from veinleta at 1,003 and 1,WZ feet. 
The anal- an page 49 show them to be bltnminoua mls. The materlal from 
the greater depthu le, however, d ConsZderablg higher rank, bdag on the 

I 
ash-free bash about 12% percent higher in fixed carbon and 12 percent lower 
In volatile matter than the shallower C W ~ ,  

The ~IltheaSt drill hole was put down rn c l m  to the axis of the syncline 
as mnId be  determined from the surfnce evidence avaI1able at the time, but 
later obsemtltlons on the dip of the anrface beds indicate that I t  l a  203 or 300 
f@ sonth of the axia The hole wna ddlled beelde a mall stream for wn- 
venience of water aupglg ; and flowing arteslan water wwnu enconntered In the 
?3 feet of gravel overlyhg bedrock The bedding in the cores abowed dim 
ranging frmn 6' or 10' near tbe ~urface to 15" snd 20" In the lower part of 
tbe hola The materiala penetcated were mom pr~4omlnantly flnegmined than 
In any of the ather holea Carbonaceaua shale rind shale with coal velnlete 
were encountered at numerous ho-ns. Bamples for ~na1~8!4  were collected 
from coal inclnsiona and velnleh at &524&+ 880, I,fSW, and 1,610 feet t h e  ma- 
terfal from the la& two depth hlng combined into one mmple, The anal,mea 
oP them 88mp1.w (p 44) 6how them to be  erg afmllar fn character, with 67.8 
to 69.5 ~gercent of fixed carbon and 30.5 to 322 percent of rolatlle mtter ,  on 
tUe mol@tnce and ash-free bask They all rank ag bitumlnoas coah of me- 
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Ham. guallty, The high percentagecs of aah te the two deeper mmp1es ate 
probably due to particles of abale unaqoidaZllg Included In the matefirla1 =raped 
from velnletec for amQsl9. 

Figure 8 shows the percantages of the several d a s ~  of material 
penetrated in each driI1 hole, arrunged in amrewing amounts of 
shale. The northeast, ao~theast~ and southwed drill holes hme the 
highest percentages of h e  makrials, both of shah md of shale plw 
sandy shale. The central drill hole has the peaksf, percentap of 
coarse-grrrined material, because of the numerous beds of grit pen* 
tratad and also because of the comp~mtivs shallmeas of this hole, 
which did not penetrate far into the deepr, mom shely beds. In 
general, the logs show greater deposition of fme-grained materials 
in the eastern and southern parts of the area tested by the core drill 
md mom sandy materials in the centml and w W r n  parts; but them 
is not a d e h i h  gradation of materials over this mall rtrea. The 
rapid local variation rather than progressive gradation is shown by 
the he-thicknegs logs of tha two h o l ~  drilled a t  the southwest 
location. 
Beds containing plant remains were penetrated at; numerous depths 

in the core holes. At some horizons such meterin1 was fragmentary 
and evidently had been macerated before being incorporated in the 
deposits; b;ut a t  several horizons there were well-preserved leaf 
impmiom, and usually t b w  carried the carbonized remains of the 
leaves. 

Appreciable amounts of water were encambred in bedrock only in 
the northwest and northeast drill holes. In each hole an artesian 
flow was obtained in a shattered &abase sill. Kone of the sedimen- 
tary M s  in any of the drill holes seemed to be water-bearing; and 
ths core m v e r e d ,  even that of sandstones and grits, was nearly dry. 

As the diamond drilling was carried on in a difficultly aceewsib3e 
area and under unfavorable climatic conditions, it seems worth 
whik to record some of the features of this u n d e ~ ~ .  

B p m ? W i t m # 4 e  contract for the wark mlled for the mmpletlon of 8,W 
feet of drilling by the end of 1932 The t e r n  were $4.25 per foot 
drLlled, with an addiffonal $3 for each foot of core m e r e d .  A11 expemm 
cmnwkd wlth tbe movlng of machinery and the drllHng were borne by tbe 
contractor, IncludW the aet-ups for four ddll holm. AdditSonaI Iocatlons 
were paid fat a t  $250 for each met-up. 

Tmmtdfm. -The  machfmery and mpplies for the core drilling wem taken 
to the dfsMct during February to April 1932, belng flmt moved by h o w  
a d  and sled drawn by caterpillar tractor, on tbe fmm marface of the 
Matanualca River, for f2 m i l e  beyond tlhe ratlroad platiorm at the mouth of 
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the Qhiekaloao RTm, me cdd wlml blowing d m  the drer famed mow- 
ddfte In mme p l a m  and bared the- gravel bars in others and added to the 
difficulty of gettlng materlal moved np before the river channela opened. 

g x O m t l r e ~ d I e , ~ t t b e ~ ~ g ~ ~ d ~ ~ ~ t r n e t o r t l p t h e w o r r -  
a e d  tarbe of CanDomerate for nearly a mile, md thence by awltch-back 
m d  ont of She mvlw and up the Intemenk 191- the remalnln~ 3 or 4 
milea to the d f l l  dtea UP the ravine condderable road m a k t n ~  was nett-smrg, 



and for nearly a11 the dl-nee imm the rlver part of the wow had to be 
shoveled away before the tractor m l d  make it8 way through the &foot lager 
that ~ o ~ e r e d  the s l o w .  Camp wan establfshed bmide Purinton Creek, on tbe 
south border of the men to be drllld. 

Eqdpwnt.-Two drilllng machlnea were n&--R Bulllmn Machinery Co. 
type 8 wlth Shomepower artearn engloe and an E. J. Ungyear type 2N with 
l&horeepower eteam engine. Each drill was eqnlpped with $ydraullc feed. 
d 38-horsepower tubular boiler, constructed tn sections for mountain transport, 
w a s  used wlth each. The set-up of the rlg and machlnerg I B  shown fn plate 
14, A. 

Fuel.-An attempt was made to obtaIn fuel from coal wtffopa on the edge, 
but the e m s e  of dweloping a aupply, elthw by open cut or by tunnel and 
the wet of transportbg ma1 down the steep slogea to the ddll sites were ionntf 
to b excewive; ao the spruce timber waa uad for firing the bailem The 
caterpillar tractor worked well over the mma- and brushewered ground in 
haulirtg wood to the drllSs and aleo in moving the machinery. After 'belng 
a-bted at the first locetion~, the  boilers. weighing 5% tons, were moved 
on skids to ancceedlng ImtZons. Qasollne for the tractor was brau~bt from 
Chlckaloon by pack horsea, about 12 mllons a day being eonaumed. 9'11% gwen 
~pruce, after belng cut and allowed to drg for 2 or 3 weeka, kept up ateam 
hirIy welI. Each boller burnetl haJI to threequartera of a rord a day at 
ahalIow drfllln~ rIegtbrr, hcrcbsinff ta about 1% cords f o ~  the lower part of the  
hole. Abwt 450 mrda of wood wne burned dnrlng the ROQQ feet of drllllnn. It 
would have seqolred mnslderably lem if the wood had been well ma~oned. 

Water 811pplv.-F%ch tlrlll hole wals located wlthln a few yard8 of a amill1 
mtmm which fornlahetl wnter for drilling, and except at the mouth drill hde 
It was not n-ry ta uae the muddy return water ovw nmln. During the 
later part of the -son, when tempwntures b@loa* zero werp exp?rienced, the 
water Intake war through a Zinch pfw, mrrmnrlerl by a 4.inch pipe into 
which the steam fmm the water ~ w n g  and engine was exhauatd. ThW gave 
ample heat to keep the  water line, 10 to 20 garde in lenatb, from frming; and 
at the cwek an oll drum in which a wood Bre waa maiatabed kept the  intake 
open. 

DflEd~ep method.-In commencing a bole, a ehopplng bit and water jet wem 
h s t  n&l to mink a 4-in& ~tandpipe to bedmk. Cow drillfng was then begun, 
Wth diamond bit cutting a Blnch hole and recoverfng core 2% inches in 
diameter. Thls was contInaed untll CaVinb or other rlmculty rendered it 
ne@mnary to set &ng itnd reduce the ~ i z e  of the bob. Drilltag then pro- 
ceeded with 2%-Cnch drill, cuttln;R l%-lnc21 core. The hole waa cnrrled 1~1th 
this ske until caving prevented further p r o m  without great rink to the 
tcrola A doubletube core barrel was uw& which protect& the core from the 
water flush and aasnrd better core recovery in all soft materials. A pump 
p ~ ~ m r e  of about %? pounrl~ to the square Inch was nml. Care wa@ necessary 
to Btop drilling as soon nn the core bnrrel m a  fill&, as otherwise the core 
would become croshml. In drlllin~ ~hele ,  the blt often k a m e  blocked by 
the cIa yey cutting8 w hith 8tnp1~4 the water circulation. J t  wns then necesmg 
to gull out end clean the toola. 

During the Rrst XRl or 4C4 feet of drilllng, mme prerrsure from the bgdraullc 
feed, in addltton to the weight of the drill rods, was UM, EO aa to keep 
a pressure of abont 1 too on the blt. AS the hole deepend, EL part of t!~e 
weight of the rodir was carried bg the hydraulic feed. 

In drill in^ through the d i a b  ~ H l s  In the northweet ddll hole some 
trouble wan can& b j  fragments of the fmctored rock alippIng from the wall 
of the hole and wedging again& the drill wda. Thls was overcome by pouring 



In a mErttye of partland cement and plaster of parfa, whfch set in 2 or 8 
born sufBEiently hard to hold back the fmctaml pi- and allow drilling 
to prowed. In the mnthweat drill hole the return water waa lmt for a 
time through porous or Practnred rock, which waa cemented off In the =me 
way. 

C m  rm#&y.-Emxpt in the northweat drill hole, where the core reooverg 
was unusually low, the amount recovered was 92,l to 98.6 percent of the ioooage 
drilled The loss of core was chiefly in the material of crnrrhed and allckensided 
 ones. In a few places porlg cemented sandstone or grit was penetrated, 
which cmmbled sad caneerl lo= of part of the core. Xn the nerthwmt drIU 
bole eereral of the diabaee ~ i l l a  and the adfacent 8haIes were much broken, 
m d  the rnaterla was recoverd only in fragments. 

Often it m e  n e x w a q  to pull out the toole before the SnIl corebarrel length 
d 10 f e t  had been drilled, owlng to the clogging d the blt nnd etoppage of 
the water circulaitioa For the most part, however, fnll rnm were made; and 
a few corea were obtained nnbrokeo. Plate 14, R, s h o w  a DM-foot core of 
sandy ahale, 1% inchea In diameter, recovered from the muth-southwest drill 
hole at 6745 to tB4 feet 

Rats of drdahg-The sMTem were found to be BO clayey aa to dog the drill 
bit ea~ily, and as they constitate a large Part of the Chiekalmn formation, 
they  rendered the rate oi drflllng much alow@r thaa had k e n  eqmteiF. Tbe 
sandy shales drilled much more sapidlg. 'I'be diabaw, though hard, cut clean. 
The mndstones and p i t a  drUled the fastest of all. The rate of ncteal drilling 
in these four clnsse~ of matedal, as judged by nnmmus obswvations, was 
nbmt na foltowa : 

Rats of owe drdl* C different mterlals  
Feet pw A o r  

Rmle,, ,,,,,, -, , ,  , ,  ,,, ,,,,,,,,, % 
Diabaee ,,,-,,,,--,-- -,,,,,,, ,,,,, 4 
Bandy &ale------,,---- ,,-,,,,,, -,,,, 6 
# a n d a t ~ n e ~ ~ - ~ - ~ ~ - ~ - - - - - - - - ~ ~ ~ - - - - - . - ~ ~ ~ - - - - -  10 

The rate of drllling In the even11 hoIes, based on the tfme #pent In actual 
drilling operations (drfJlb~, putllng out, removing core, and lowerlng the Ma) 
ia glven in the ionowing tabla 

h t h e s s t  --**-..-.--. . .*. ...*. 
North& ----.-. . ..- - --- .- -- 
Norlbw& -..--..---,....... 
Canttal---------------------- 
8wth. .-__,.-_-- .- ,.., ...- 
Southwest -.,--,,------.. 
Aouth*llth- ,,-----....,. 
Bouthw& A ....,,,.--,-- I 

hour) 

~ w * m m w r ~ ~ ~ 7 , 7 ~ 1 ) ~ ~ ~ ~ . 1 ~ a t .  
Rnta ur wing for the 7,780 I@# ooMri1led war 181 fwt p bow* 







It wil l  be nMed that the rate at BrIUWg varied onlg between Wl end 152 
feet per hour, tbe avemm for the -1 footage co&rlW being 181. feet. 

m e  rate for each drill hole does not bear a dim relation to the pportIon 
of shale pment, beawe la comparing boka of d i m n t  d e w ,  as the hole 
deepens the incmslng amonnt of time mnsnmed i n  pulung out the rods nnd 
lowering them obscnmn the actual drilling speed. However, the two holw with 
lowest pemtagea of  hale ( the  northwest and muthwest A; me flg. 3) were 
among the highest three in rate of driltlm. The central hole, which bad as 
high a driZLing rate as the mutbwest A hole, bad the large& percentage of 
m~iodstone and grit and was also the ahnlIoweat hole, with therefore the least 
t h e  spent in pmllinp out and running in the tmls. 

The rate of &Wing depended also on the Rtma pmm. NormM.lly, l20 
pounds to the Isquare inch was nsed, but at times with raln-aoaked green d. 
it waH dtiscoft to keep the etenm pressarc! up to 100 ponnds. The ,lower 
p m n e  c a d  less engine power and alower Wrnp action and hence gave 
slower tatting speed. 
The rods were handled in 30-foot sections (3 rails at a tlnw), at an average 

speed of about W feet a mlnnte while mlllng out and Xi feet a minute while 
running back h. With aMnt 10 minutes reqdred to onmew and empty the 
core barrel and reassemble it, the time for a complete mu at  a depth of 500 
f e t  was close to l hour. 

There was no appreciable diiPerence In drilling rate ~~ the Mnch and 
the 2%-inch bits, as the cnttlng speed depends I a ~ l y  on the annular wed 
of the dinmonds. AIthongh the larger drill bit has to mt mom matcrlal, the 
greater travel or the stones makes up for the smaller a m  cut by the smaller hlt. 
In most o i  the drHling a speed of 2OD t o  250 revolutions of the drilI per 

minute we# Yered, bnt In m e  of the gritty formatiom vibration wns set up In 
the rods, which sIowed and at tImB almost stopped tbe drill. 'Phis vlbratloa 
prdnced e p m l  muoping of the core in the form of a mu!tIple thread, as each 
stone cnt a thread. The pitch and w d n g  of these threads were very different 
on diflwent core. as they varied with the rate of molotlon and the,& of 
cutting. Greasing of the s W  proved to be a very temporary remedy for the 
vibration. nnd in four of the holes (tbe central, south, southwest, and ~outh- 
wnthwe~t) it waa n-ary to run casing and reduce the 8i2e of the Bole, td 
overcome thls rFiffImrlty. 

Except during the nmvesy of ddll rods at the aorrtheast drlll hole, little 
t i m e  wns lost on account of repair5 or "BhInp" Jobs. Minor repairs, ~ n c h  a s  
tboae to the hydmullc hmd and the brake eccentric, r ~ u i r e d  only a few honrav 
work In a machlne $hog but n m s I t a t d  the trlp of nearly 100 mlles to 
Anchorage for that purpose. The work was completd with no serious injurlm 
to the men. 

Diamond losees.-In shale and mndg ahale the wear on the dimno- WWI 

s l ight  m e  stoneP1 were 8et so aa to  project about 1/40 inch byond the steel 
wf the bit, and a bft could bc nsed for drilling 200 feet or more before the 
steel &ell become worn d o n  MI a8 to repaire resetting @f the stones. The 
actual wear of the eigllt stones in a bit was probnbIy eqalvalent to not more 
than 10 cenb per foot drlllcd, bsed on a prim of abont $ E O  ger carat 
for the aton€%. 
In the earlier drilling carbons (Mack diamonds) were nsed ; but after the 

low3 oP the blt in the mtheaat drill bole* the cheaper borts (white diammds) 
were emplged; and althmgb thng d1d not mC go Past In the harder bds, 
they gave satisfactory &mice. Three times Btmes were brolren from tbe bit 
as the drfldrill WM being rnn back to the bottom, apmrently by striking project- 
ing fragmenb d d i a b  or RrfL I n  the sootbwest A hole the stones were 
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notimbly worn bg mth amanterPd at about 626 and W feet (4rIO and 596 
feet in the true-thicknwa log, pl. U). T h w  grlts apparently contain m e  
aensualig hard pebbIes of qnartzite or cberL 

The coal autmps shown on plates 2 and 3 and dexribed b the 
preceding pages include all the showings of consequence in the dis- 
trict. Although in some places there am coal beds several feet thick, 

, the slight extent of these beds should be emphasized. None of them 
continue dong their outcrops for mow, than a few hundred feek 
before either pinching out or gra&ng into cody shde and ahde. 
The absence of coal outcrops from much of the area is due to the 
absence of coal deposition. In whst seemed to be the most likely area 
far the p m w  of cosl beneath the surface, diamond-drill holes 
proved that them are no beds of coal down to well below a possible 
ccsrnmemiaI depth. 

T h e  demand for coal in Madra is not great, and although in 
m e n t  years only about two-thirds of the amount consumed has h n  
produced h a  mines in the Ten+-, they could easily supply tha 
other third if lsick of hnkers  at Seward and the cast of freight 
and shipping did not cause some of the coastal rnarkek to  be sup- 
plied by coal from Washington md British Columbia. 

Under present obnditions the bituminous coals of the Anthracite 
Ridge district cannot compete in markets of the Territory with the 
moro accessible coals of similar rank already developed in the lower 
Mantanuska Valley. The anthracite and semianthracite of the dis- 
trict constitute so m l l  a hnnttffe that it is very doubtful whether 
the amount recoverable would justify the costs of development. 
These high-rank coals would find only r very slight market within 
the Territory, for blacksmithing and p k b l y  for foundry use. The 
remoteness of outside markets for these premim fuels and the con- 
sequent cost of delivering them would render them of little commer- 
cial interest at this time, even if they were p m n t  in much greater 
amount and under more favorable conditions of mining. 
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SECTIONS AT COAL OUTCROPS IN THE ANTHRACITE RIDGE DISTRICT. 
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