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GEOLOGIC RECONNATRSANCE IN THE MATANUSRA 
AND TALKERTNA BASINS, ALASKA. 

The fallowing report treat3 of the pnernl pofis~phg, geology, nnd 
mincrnl rePnnrrcir nf tin npproxirnnt~lg q a ~ t l r ~ ~ ~ g u E a r  arpa ly inp imme- 
dintdy northonst of tho I ~ n t 1  of Cbok I n l ~ t .  The reginn includes 
princip~lly the T ~ l k ~ ~ t n n  hfnr~nt~nins rind t h ~  Matanr~akn Vnlley, 
wbicl~ w,parnhs thcw, tmcrantrin~ fmm tl~c C1111prt41 R r ~ n p  on the 
mufh (PI. 1, pocket). TIIP A-I~II fnr t l ~ f ~  wport ~ - P I - Q  g m t h ~ r ~ d  
the writers whilr they wcrc nttnrh~d tn topopraphie p ~ r t  ica engwt1 
in mapping t h i ~  rcgion clllrin~ thr, snmmcr o f  19W. TIIA t~rritory 
repmsent~d by thn rcmmp~~nying map crnl~rnrrs n h o ~ t  7,000 .sq~fnre 
miles. NrcessariEv much af the polofig of w I n r e  nn nrPn mrnt be 

a pnernlizcd from i ho nbwrvntio~w act~~al lp  p t h ~ l - e d  nlong the line 
of trwve1. 

The principnl rrwnrce of tlic region thlzs f a r  rlevelop~rl i~ cord. 
Aq R portion of this coal is of high p d ~ ,  cornpnrin!: favonlhly with 
Pennsylranin, hit~~minorrg ronl, a~ztl, nrr rnthrncite of porf qlrnlity n1.m 
acct~rs in tho mgion, thc inowtiption of l9W wnFt tlireclt~d to rlet~r- 
mining the lmtrndnries of the vnrioug con1 fi~ltIs snd to cliff~wlntintin~ 
the sgea of t h ~  v ~ r i o u ~ i  con1 lioriaona. Attcnt ion wns also pnid to such 
metalliferous c'l~pofiit'l as WPIW ~ncountered. A!. summary of the re- 
snltq h a s  nl mclr k n  publishtrl in the p r o n ~ s s  r~port d for 190fi. 

The segion ronsid~md ~r.rt.s ~ x p l o r ~ d  1 - r ~  tho army expditians of 
1898. l'ortions of it haw h n  inve~tignted by memlwrs of the 
tJnited States Geo10gim-1 I 811mqr : Mendenhall bxplored ,URtanusk~ 
Valley in 1898; Eldridp explorecl Sr~sitna Yallqv in the samn ycar; 

P11m. A.. nnd Knepf ,  A., K e m n n r l m a n w  jn the Mntnnuskrt nnd T n l k e ~ t n n  haulnu, wlth 
not- on the plnern of the srljacpnt w l o n  : Eull r. S. 1;eol. Survey No. 3 1 4 ,  lW;, pp. 
I ru-t 25. 
' 5I~ndmhall. W, r.. A re~nnnaln~aarr from RwiirsPctlon Ray tn Tanaaa Rlarr, Almsha, 

In t w O r  : ' h ~ n t b t h  Ann. Rept. T-. S. r;ml. Bilraey. pt. 7. 1W0, pp. ZRTr340. 
I . : l r l r i d ~ ~ .  f;. It.. A rPMnnnlr~nnrp in t h e  Pileiinn hnrln s n d  adjnccnt territory. Alnska. 

In fU!W : ' r w ~ n t l r t b  Ann. ncpt. V .  B. Oeol. Survey. pt. 7. InOO, pp. 7-30. 
ti 



6 MATANUBICA AND T A L K E E ~ A  BASINS, W K A .  

and Jfnrtin made R recannaismnce of the Matanuslta ml fiettl i r l  

1905. I n  the pmparation of the follewing report, the work of these 
earlier investig~tors has been drawn on, especially that of Martin, 
who exnminecl the con1 resources of the lower Matatluska bnsin. 

T!w field work of the mason of 1906 was in charge of T. (3. Gerdine, 
topoppher, as chief of party. Landing was made at Knilt, the head 
of steam navigation on ICnik Arm of Cook Inlet, on Mny 89. Work 
was b P p n  there on June 1. During June the region an the ~ 1 1 t h  
side of Rnik A m  was mapped; T. I:. Gerdine, nccornpanied by 
Adolph G o p f  as geologist, escended Knik Riwr ta Knilr Glacier, 
and K. H. S a r p t ,  assistant topographer, accompnnied by Sidney 
Pnip as plo&t ,  covered the t e r r i t o ~  ~011th of oltl Knilr, At 
the end of ;Tune MI-. Gerdine, with Mr. f iopf as geologist and a 
total party of 6 men and 8 homes, started for the interior by wfty of 
Matnnzlska Valley, Hicks Creek, Divide Creek, Caribou Creek, Billy 
U m k ,  and Nelchina River. The partp returned to J b i k  by skirting 
along the mestern edge of Copper liirer basin and traveling down 
Matanuska Valley, arriving a t  ICnilt. Xt~gtst 31. X~co p a t  dificl~lties 
were enco~mtered, a Ithough topographic work ma3 often serionslp 
hampered by rain. 
In the meantime R. H. Sarpnt, with Sidney Paige ns geologist 

and B total party of 6 men anti 8 homes, made the cirruit through the 
interior af the T~lkretnn Mountains, loy wny of Chickdoon C d  and 
Talkeetna River, nnd returned to Knik along the w7estern flank of 
these mounttlins. Some trouble wns encountered in fording the 
numerous streams, which were swollen from continuous heavy rains. 
During the Inter pnrt, of Septemhr the tapographers ran a traverse 
of the eastern shore! of Cwk Xnlct from Point Possession to the mouth 
of Kasilof River. Tustumcn~ Lelce and ICRsilof River were also 
travem1 by Mr. Gerdin~. Work w ~ s  closed a t  Seldovia on Septem- 
r 7 TIIP gcolopsta of the pnrlp had meanwhile started overl~nd 
to Seward an kesnrrection nag. They visited the placer districts of 
the Turnapin Arm wgion pn mute end arrived nt Seward Sep- 
tember 27. 

GEOGRAPRY. 

The T~lkcetna bfountains mapy  the larger part of tho region 
dealt with in this report '(PI. I, packet). They form nn approxi- 
mately circalnr mo~~ntaifi  m a s ,  bounded on ZI-ie west and north by 
the wide valley of Snsitna River, on the east by the Copper River 
basin, and on fha ~ n u t h  by Matnnuska Valley. In geneml the Tnl- 
kcetna Moltntains mcrp  gradually into the surrounding lowlands, 
exccpt nn tho wuth, where they rise abruptly fmm. the dwp deprw- -- 

m Martln, C.  C., A recontrnlnrraace of  the Matanuska ma1 fle14 Almka, la 1 M J :  Rull. 
u. 8. GWI, ~ u t v e y  NO. 2 ~ 9 ,  irm. 



sion of Matannska VnlIe?. Thc interior of this mountain mass is 
an exceedingly rugged uwa, nnrl acms to it is pasible only dong 
the larger stream systems Few of the peaks exceed 5,000 to 6,000 . 
fed  in altitude, but in the ccntral portion some of the highest points 
reach attittldes of 8,000 to 9,000 f ~ e t .  

The drainage of tile 'Ihllreetna nrpn ia rudely radial. The larger 
prtion of it is tributary to Suaitnn River. In the southeaatern por- 
tion of the area the headwat~rs of Susitnn, Copper, and Matrrnuska 
rivers fom a clwely interlocking network of ~trearna. 

The Susitna is the lnrgest rivtlr of the region. This great stream, 
which has n width of 2. milea new its mo11t11, rises in the northwestern 
part of the Copper River busin, nnd, nfter flowing mastmerd nro~mil 
the northern flank of the Tallr~ctnn Moantains, turns wutl~murcl and 
empties into the northern end of Cook 111leO Tho mwt i r n p r h n t  
enstern tributary of the Slisjtna in tbe reginn i~rsder discusion is 
Tallrsetnn River, which heads a1 an a l t i tnr l~  of n h u t  5,000 fwt in 
the heart of the Talkeetna Mountains It flows northw&rrnrd for 
ttbout half its length, then t ~ ~ r n s  abruptly to the southwest and con- 
tinues to Susitn~ River, which St enters about 85 mile9 abtse its 
mouth. The Talkeetna is about '35 mile* Tong. Xenr its month it 
ia a swift stream, 300 or 400 feet wide. During high water it cRn 
be crowd with a pack train only by swimming thc horses and rnfting 
the outfit. Sheep Cwek is a t~ ibutaq of Talkeetnn River 14 miles 
nbove its motrth. T t  flows more slowly than the river and is, ~ C C R I J S R  

af its clepth, difi~tt1t to moss, so that rafting is necesmry. 
A co~lsidrrnl)le m~rnber of large streams, which, however, ore 

smaller than the Talkpetnn, drain the western flank of the Talkcetrla 
Mountains and empty into Susitna River. They are, in order from 
north to ,south, &lnshino Creek, Montana Creek, I<ashwitn~ River, 
Little Willow Creek, xnrl Willow Creek. Little Su~ i tna  River, 
which is the next st mnrn srr~ttll nf 1Villow Creek, belongs to the drain- 
m e  basin of MatanusIra River, but empties directly into Cook Inlet. 

East of thc Tnlkwtna Mnt~ntains lies the broad expanse of the 
Capper River bosirl, extend irip to the SVrnngell Mountains on the enst 
and borrnded by the Alnslfilra Rnuge on the north and the Chug.ac11 
Mountains an the south. 'rho surfnca relief of this area is slight and 
is produced mainly by long, low p v e l  ridges. hurnerabEe ponds 
and lakes are the most strilring fmturcs of ihc  Inndwap. The =nth- 
western portion of tho basin is drained by M a t a m ~ s h  River, which, 
with its headwater tributarim, hns c u t  gorges 300 to 400 feet deep in 
the underlying gravel deposits. 

Matanuska.Vdtlley, which lies between the Talkeetna and augach 
mountains, opens out at jts h ~ a d  nnd m e r p  into the flats of the Cop- 
per Xiver basin. h i t s  upper course it is nbont 1 mile wide, b~t 



it p d n o l l y  widens downstream to 5 ta 10 miles, nnd belaw Tmdaka 
C m k  flnm out to a width of 80 miles. In minor rl~tails the floor of 
the ealley is decidedly irrepla'r jn relief, consist in^ of R mlcces~ion of 
undulating low ridges and knolls mith intewpewr 1 Ir~ttlqs, 

3 lntnnl~ka  River, the second largest strcnm of thvwrran, n,dmins 
into the eastern end of Knik r h ,  instead of into Cook Inlet p r o p .  
It hwds directly against Tsxlina Riv~r,  of the Cnppr River drain- 
ngc, from which it is separated by a low, almost imprmptibla divide, 
hnvir~g an altitude of 3,000 feet. The pnernI callrse of tho Mnta- 
nuska is S, 70" TT., and its length is nbou t 100 miles. The river flnws 
in u trough or v ~ l l e y  snnk into the floor of thc bfo~cler valley previ- 
o~rslg dprcribd. TIM? newer v a l l ~ p  is a mile or two widc nlong the 
lower strctrhta of tlir stmnm. but in places closea to R narrow tms 
canyon :lo0 or 400 fcct deep. The Bfatanuska is a swiftly flowing, 
silt-lndcn strcarn, with n cltrrent maching probably 7 miles an Ironr. 
The volnmo of weter vnries w i t h  the season and is highest in June. 
Tha nvrrnpc width of thc river is almrrt 100 fwt. 

Cnritmt~, Hicks, Chickalmn, Kings, Granite, Eska, and Tsadake 
creeks H M  tlln principal s t r r ~ m s  entering Jiatannska Rives from the 
north. C!ariI)orr Cnlclz, the Inrest of the* streams, dmine a con- 
~idernblc HWI1 in ihr 'rnlkwtntl Mo~~ntains. Chickalmn Cmk hns a 
Fengtl~ of aljn11 t, 30 miles, "L pnsg n t its hmd, over which a prrck train 
cnri easily l m  taken, c-onnecta i ts rnllep with that ef the Talkectna. 
The two v~ l lq \ . s  t h ~ s  form a highway through the heart of the Tltl- 
kwtnn Mot~nt i~in% .\, I n r p  nurzIlwr of stwnms ~ n t ~ r  the AEntannsk~ 
from t h ~  snl~fll, drnitlinp the north flank of t h ~  ~ h u g n c h  hioilnteins, 
hilt ROnp t l t f ~ i l l  11\~m S~PP. 

S e ~ r  tlic llcnd of lilrik Arm, ~lniting i r r ~ ~ l l a s l y  with tho various 
tidal slolr~hs? the Matannsks is joincrl l y  Krli lr liivcr from tho ~011th- 
errst. Jinik River llcads in Knik l'rlacirr, and i t s  Icngth is only 
I 9 1 Sercrnl smnll tribntnrivs ~ n t c r  thr Knik from both 
sides, the Fur+ ant1 most irnportnrit af whiull i ~ 1  Rfctnl Creek, empty- 
ing into the river fmnl the east nmr he front nf tho dncier. Knik 
f nlley is 3 to 4 miles widc, perfrctly flnt, tulrl cnv~ret l  with gave l ,  
throngh which protnlde ~1~8~ionnl 11 iimm~0~1cs of 1x4 rock. It9 
course is remnrkably straight throoghol~t its mtirt* lcn,qth nrld it is 
waE1~d in by mountains which risr stwplp fmm t ho  valley Ronr. 
Knik River posses- na single wdl-defiastI chnnncl, but spreads out 
riper its grnrel plain in a nurnbrr of hmnchca, mhos~ pwitiong R ~ P  

likely to vary from year to' gear. Bonts can he t o w ~ d  up the river 
by hand, nlthough mith some difict~lty on account of hnrs nnrl quick- 
sands, to within 6 miles of the glacier. 

The rugged goup of monntains lying on tho m t h  side of Mata- 
nt~ska Vnlley ii~ a portion of thc C h ~ r e c h  Mounhins As e n  from 
Matanuska Valley, they include numerous paks 7,000 ta 10,000 feet 



high nnd p m t  r verp i n n m i b l e  nnd forbidding aspect. The 
C h l ~ p c h  Mol~ntains hnve n pnrral northwesterly trend from Morlnt 
St. Elins, rand mnstitate tlw high h r r i ~ r  hetwwn t I r ~  Pacific coastal 
hit and t h ~  intcrier. .-It the head of Knik Arm they swing snntll- 
wnrd and mnt inue. tl~ongh with diminished altitudes, into Kenoi 
Peninsula and Hodiak Istantl. 

OUTLINE. 

T h e  rocks of thn nrca invratigntd rnnp in chnrncter from q s -  
talline schist~l of probable prt-Silurinn s p  to ~ ~ n c o n m l i r l a t d  Quatcr-  
nary stwnm nnrl glacin1 pnlvels. 11 wntrrll n r ~ k  of ~ t ~ r i o t ~ u  
g ~ n n i t i c  mcka, of middlr ?II~snzojc npr ,  n ~ n l ~ c s  lap t h ~  mnss <of the 
Tnlkectna Mountnini. (Set! PI. 1 T. . p w k ~ t  .) On i t 3  wtrthern f l ~ n k  
this pani te  core is in pnrt ht lndcd ly n nnrrnw lwlt. of mll~itn ant1 
garnetiforaus mica schists, wliich is in turn, on i tn sni~tl~crn border, 
lmundcri by a nnrrow blind of grsriitn sjmilnr ia typo to the central 
mass. 
On its northwstern mfirgin it is t~ordertd hp R fierips of datcti and 

graywacke-slntm, The la,tt~r wriw h - ~ r n ~  some fiin~ilnri ty to tho 
p a t  swim of graywnclres H I I ~  RIR~PR mh ich ocrilr on tho ~ 1 1 t h  side of 
Knilr Arm nnd strike into the Cltngarh Mrranl~ina. 

Enst nf Chickulnnn Crwk mnrjnr ;J I I P H F I R ~ C  ~f r~ t tn  ~ t f n i n  fin exha- 
s i r p  r3c~~~lnprncnt. They n rr r l iv id~d into two anconformahle writs, 
The lower srriw is ~E ln~nc tc r ix rd  ly r volnma of nndesitic hwccias, 
sgg1omcrnteq anct nrny~dfiloicl~ nf ~ r w n s t o n o  habit, rxw~djng 1.W 
f p ~ t  in t h i c k n ~ s q ~  Thew vcllcunirs nre confnrmnhly nverlnin hv 
~evcrnl thnirwnd f e ~ t  of snn~l~tonrs, S ~ R ~ P I I ,  nntl ronglorncrates. Tho 
younger unconfnrmnl~lr *rips nf Jtrrnssic rmka consist9 of ~hnlcs, 
s l l n d ~ t o n ~ ,  ~ n d  ronglom~rwtr~, with SCvmP i~~ t rwtrn i  i fi~cl tuff and 
nrkose. Tht. n p  indicatrtl rnnpP.; frnm the I n l ~  hliddla Jurassic 
throu~h f l\p Uppr J I I P R S ~ Z ~ ~ .  Cnnformnl>Ip ovcrlyinp these stra tn is 
II T ~ W P F  C r ~ t n m t l s  lirne~tnnr, :3T)O fwt thiclr. 

Iyppr Fmnc rorks RPP w p r ~ ~ ~ n t ~ d  E)y flip Renai formation, a 
wries of fnItF~1 .mnrlctones, s l t~  Ips, nrkows, nntl congIomerates, carrp- 
ing thick 1 ~ ~ 1 9  af llitur~~il~a~is ronl. J'llcw mcanl bcrls nre l irnited to the 
Power hnsin nf 5latc1iaska River. 

A wrierr of p t - E o c ~ n e  I~nsaltie Invas ant1 ~ m i l t t e d  p~tyn:l&Stis 
overlie the nIdcr rncks i~nconfnrmal>lp. Thcp attsin n thicknm of 
1,000 fwt, an4 form the srlmrnit topography of much of the area. 

An extensive sheet of placiaI grn\.cls is the most m t  deposit of 
the repion. 

--, - -_ 
Yor an alntnct of tb(u pager spe BUS!. Qeol. PAW. Amsrlca, POI. 18, pp 32-2 
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Lower 3fIdale Jumwlr ............... 

i I ..................... Rodlna ulnts 1 R1n1m m r w a r l t c . l a i r r ,  hnd mlmrgrtrlltnc t 
whl;l. n l l l ~  I i ~ r r u - l l ; ~  mntlc .  In l o r ~ r  .Tnl- 
krrrr~n rPylrm. 1 Einn~?i~l@n?.~. mlcm rrhialn and alblte oolrltt 
w h,-1.. i 

MICA SCHISTS. 

A wries nf mica whistit$ fomr R nnrro\v Exlt, not over 3 miles wide, 
near tho hear1 of JYillorv Crmk. This b l t  llns an eust-and-IT-t d i m -  
tion. and is known to extend not fnrther cast than Tmdnkn Uwrk 
nnd to disappear \\-&wad Ixncnih ~ h c  p n v e l  floor of Susitna 
Ira I ley. 

T ~ P  whidq ~ r t r  thomughlg fnlint~d rocks of rnecliurn pnin. and 
show in pencl-91 no variations in nppenrnnw. Ilntler thr? micro~cnpe 
they n r e  folrnd to compriw ggnrnet ifprous micn schists anil chlorite- 
nlhite schisfs. The prnetiferons mica ficl~ist is  compmd larply  of 
qunrtz. IT tlich shows pomerf ril strain shrlrlows, rn~lwovi tc in long 
Eat tls, chloritized biotite, orthoclaw, and gnrnct n l t ~ t ~ r i  ~ l m o s t  com- 
pletdy to chlorite. In the ~ l b i t e  schist socln fpldipnr is the dominnnt 
rc~nstitrrent. The nlhite poikilitic~11y i~lrlovs ~n rinzrn otlwr COIE- 

~ t i l l~cnt~s ,  chief among which is clinozoisito in long, stout pri~ms, 
tlsuaIIp oriented parnilel to the schistoyity. Tn adrlitian to the albite 
nbuntlnnt quartz, crusl~ed and shewing strain sl~arle\\.n, i~ p m n t  in 
consiclcrnhle amoi~nt, with some chlorj te ttnrl clo~lds of mngnttitp 
~ I I H ~ .  M~~wovjtc is but an accidentti1 mnstitr~~nt, and ia only fo11nd 
inrlildrd in the albite plates. Some of the n l h i t ~  schids, homev~r, 
rnntaftl r n u ~ v i t o  ns  an important constituen~ Such a schist, ex- 
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arnined mimmopically, shows large albites in the form of m p n ,  
qu~rte hdly crushed and strained, muscovite of R scricitic natme, 
and chlorite, and is evidentlp a schist affeded by a wmnd pcriod of 
d-vnamic activity. 

Some serpentine and pymxenite are included in the mica-whist 
series. The pymxenite presents a pseudo porphyritic aspect ~tnd cr tho 
rniwcwops, due to mshed plat= of mo~~oclinic pyroxene lying om- 
bedded i n  a groundmass of serpentine. The pyroxene is noteworthy 
on acconnt o f  the fine rnnltiple twinning pwallel to the orthopinacoid 
nnd of the slicing wIlicI1 ~ R S  taken plnce along that plane. Thc 
shearing of the pyrox~nite is probably to bc correlated with the move- 
ment which crushed the schists. 

The fitrike of the schistosity mrjes from N. QS0 E. to N. 60" W. 
The dips average near No, but are inclined on hot11 sides of the 
vertical. Fmsils hnva not been obtained from this formation, nor is 
their occurrence in it likely. On account of its thorougl~ly metn- 
morpliic charactfir, which considerably exceeds that of any of the 
terrnnes premntly to bt! dcsuri bed, this formation LP, regardecl as reprc- 
wntjng the oldest rocks of the region. Its m ~ r n h r s  show a petro- 
graphic si~nilsrity to the mica schists of the Yukon-Tnnana region, 
and u possible correlation with the pm-Silurian of that district is 
buggested. 

UNDIFFERENTIATED YETAMORPAICS. 

Metamorphic rocks, which, k a a s t r  of lack of fos.sil and other 
s t r a t j ~ n p h i c  criteria, car] not h p111ced definitely in the sht igmpbic  
rolvmn, occur in the lower portion of Talkeetna Valley-in the ex- 
trernc northwestern part of the tvgion traversed--and in the Knil~ 
River region-in the sor~th~rn p r t i o n .  

m+ATBg AND RCWT- (IF TSLF! f.t)Wk:I? TALHEETNA V A L U T .  

A wries of  rnetarnorpl~ic rocks outcropping dong the uppw course 
of Susitna River find the hcaclmahrq of the ~ ~ n t & l l  was named the 
Susitna date by Eldridge, who describ~s the beds as- 

+ * * eswentinlly qnnrtzitir, rnVIng In cnnrwnrw ot lllntPria1 from an -- 
h e l y  fine bomogeneow rock to one of vnnulflr ntructure. In addltlon to 
quartz there nre orcs~Inr~xl nrtboclnse, ~)lngloclnw. blotlte, mumvite, w~ttered 
mtns oi lmn oxide, nnil nllnute frl~mlcrltu or nlt~tc, appnmntly of thr mme 
natare as the 6negmlnd slntes of tllp MarleH i ts~lf .  The! entlw mrIes 1 1 n ~  bwn 
exten~twly shenred nnrl the trrlnd grriInR mm~~hcvl. nn n n  to pmdnce the p~rtlnl  
schiato# or alflty structure thnt so ~enornllf p r ~ v n l l ~ ,  nrhltrnnn C m a .  of the 
Sumey, who emmined the rock mlrrofurar~lcnlly. fnnnd nn ~ r n l n ~  refcrnble to 
Ignmus rorks, 111 spite uP tbc I~~~l~resslon from nlegnsmplcal cxamlnntlou that 

.the rockbl were sheared erul~tlves, 



A featnre of the formntion In l o c n l l t l ~  wbera great crumpIing of the strnxn 
has hken place i8 the prerrc?nre of 1~rm qnnrtz stag, half an Inch to 2 feet 
thfck, retlcnlatlng. the expcwd sn+ce of thp wrte~ wlth wnsidemble Intricacy. 
Such seama oft~11 show rillnernllantlon with m~lphjrle of iron$ 

The work of the season of 1906 showed that n series of rocks similar 
to the Susitna slate and schist h ~ 9  B cvnsiderrtble areal distribution 

. -* along the lower mume of Talkwtna River. In that region they 
show somewhat greater petrographic diversity than where studied by 
Elrlridge. 715th the; slates ' am nsamiatctl various microcryxtalline 
schists; that is, schists that are so fine-grained that their conskiituents 
are not recognixable by the unaided eye. Somo arc of aphanitic 
texture and display only a feeble schistosity. Examined h i c r m p -  
ically, they prove to be composed largely of l ight-pen h&&lende in 
slender prismatic development. Qurtrtz, chlorik, spidote, and biotite 
are the remaining constituents. Other schists, whose foliation is mom 
apparent t o  the eye, consist of fine-grained a g p p t e s  of quartz and 
biot-ih, with much induded carbonamas ma teritt 1. In general the 
rnct~morphisrn of t ,hm scl~ists has proceeded far enough to r~bliterate 
the evid~nra of their original clwtic origin. I n  the lower Tal  keetna 
River rcgim they are associated with batholitllic masses of p n i t i c  
rock nnd lmlly are intimately intruded by apophyws of such 
mrtms. Much of their metamorphism may b imputed to this 
relation, The Susitna rocks have yielded no fmils nor are their 
stratigraphic relrttions known, so that their age must remain con- 
jectural, The unmctamorphmed character of the JurnsGc shales nnd 
sandstones of the Tpllkpetntl Mountains indicates that the Susitnn 
racks a r e  probably pm-Jnrsssie. Tha Susitna slatm and schisk show 
some l i tho te ic  rewmblanm to the rocks of the Sunrise '' series '? o f  
the Turnagain A ~ I  region, but appear for the mod part to be same- 
what more Iiighly mctnmorphowd. 

The miermrystallinc schists are interstratified with the clay sldes 
and, especially those containing notable amounts of hornblende, ap- 
pear to represent tl~etarnorphos~d bands of implire dolomites. Rim- 
i lar  rocks are not lrnown from tho Stlnris~ '' wries." On account of 
these differences, which on the whole apppar to oritweigh the sirnilmi- 
ties, the Susitna slnta is placed hneath the Sunrise formation in the 
 logic column. 

GRAYWACKm AND BIATEI OF THE KNIK R I W R  REGION. 

T h e  rocks on the south side of Knik Arm nnd in the valley of 
Knik River consist l~rgely of graynrackes, slates, and phyllites: with 

a 11drSdm, 6. H.. Remnnnlsmnw In Susltna main nnrl adf~ccnt  terrlto~y, Alaskn. lo 
1898: Twentieth Ann. Rept. O. 8. OeoL Surpey, pt. 7, 18M, p. 16. 



same greenfiton*, rllyolitcs, ~ n r l  t~~ffs .  The general st.rike of the 
serjea (N. 60" Fr.) tends to carry them etlstwad approximately pard- 
lel to tha alsrRtl of Matunufikfi IZiver. Their distribution to the south --- 
is indireird by t$e fact that the moraine of the great glacier at the . 
head of ICnik Valley is c o n ~ p m d  exclusively of graywach and slate. 
As the Rnme rml<s R W  r ~ p r t e d  by Mendenhall from along the shores 
a t  Port Wells on Prince IITilliam Sound, it is probable that this sec- 
tion across tho Chugach Mountains mnsists largely of graywackcs 
~ n d  ~lates. 

The pnywackca are highly indurated rocks, whce m& conapic11- 
ous festrrre to the unaided eye is  the nnnsuaf abundance of small 
angular slnle fmgments. They are  of dnrk hlnish-gmy color and at  
some plnce~ are not easily dlstingnishfi ble from basic volcanim. 
Under tho microwope the grngmackes prove to bc of r~fher 11~tem- 
p m n s  dcrivntion. Anglrlnr frqmenta of quartz, containing capil- 
l t l q  rutile, fragments of fe,ldspnr. plrtgiwlnsn in part, usuallv alt~rctl 
and occasionslly distinctly rounded, hornblende, uufito, and frog- 
merits of slate comprise the main ~onstit~uents. A little mnscovite, 
epidote, pyrite, magnetite, and zircon nrr: premnt, as acccwories. The 
bincling material is 8 feebly polarizing aggregnlc flecltcd mi t,h chlorite. 
Other thin sections of the gaywnek~s  ~ l ~ o w ,  in ndditinn to thc slate 
particles, fragments of quastzi tc, of n~icropegmatih, nr~d of u, cliloril- 
ized volcanic, prohMy nn a~tdesite. Tllu grnywuckes  re roughly 
schistme, and prim by inc~r ls ing  finenew of prtlin into p ~ p a c k e  
slates and into h i ~ h l y  d m ~ v ~ c l  clrty slates. The *la tes lwally asslzme rt 

schistose foliation, Iwcomc glmy, nnrl pnw into phyllites. At ICnilt 
Glacier they Are aflcctetl Ifv stip-atrnin cleavage, nnd are acutely 
crumpled nnd contortal. Tlie intcrlwlderl, gmg\vacke, hawever, has 
been rendered only rotqhly ~cllistose, Quartz stringers are very 
abundant in the slrif~~ ant1 g~npwnckcs of the Sunrise " series," and at 
 place^ form nn intricata network nf small veins, averaging nbout; an 
inch in t,hhiclrn~~q~ Mincnl izntiun af tho quartz is not visible t o  the 
eye. In tho Alnrisc! district, hom~vec, free p l d  is found at  sorr~e 
p1am in ~ I I P S P  ~ t r i w r s .  

Near tho r n a ~ ~ t h  nf Knilr Riwr u p e n t  volume of penstone t~~ffs, 
cstimatd RS probably 1,500 feet thick, I-HS forlnd asminted with the 
gr:raym~wclras. Tlley nre dense, fine-grain~.d rwks of gmcn color, con- 
spicua~~a on account of the numerous angnlar fragments of black slate . 
which they inclox. Tht? microwope shows that the m k  is larplp 
composed of opaque angular fragments of a greenish-yellow color. 
In place~l such fragments contain phnowysts of highly altered frld- 
npar and porphyritic nngitt! in fine idiomorphic cl~v~lopmmt. The 
remaining constituents of tbc tuff comprise fragments of hrmn horn- 
blende, augite, graywacke, intersertal basaIb (much nltered) , and 
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quartz diorite. Chlorite and mlcite form a mnty  binding material, 
and R little le~~coxene m r s  as an n m r p  mineral. 
The rnassiva gmnstones fol~nd in the Sunrise " series " are, as a 

FII~E,  nonprphyrif ic mcks of rrphenitic texture. Semndarp minerals, 
aorh as light-pwn hornblende, cl~lorite, and epidote, are strongly 
der9elopd, nnd the fcidspars are represented by aggregates of d m m -  
psit ion prmI11cf8. The former structure is thus often okured, but 
remnants of nphitic or closely a l l i d  textma are suficientlp well pre- 
wrv~cl to leaw no doubt as fo the original character n t  the m k .  

Rhpolites and their tufls me asmiat4 with slates at a locality half 
IVAV 111"Jinik R i v ~ r .  The acidic volctlnim am of felsitjc: hahit nnd 
incl tlrlo flow-lmnded typ- zlnd porphyritic phases with inmnspim~nus 
quartz phenocrystfi. A rude schistcwity has h e n  impressed on them! 
nnr2 in conscqucnce t h ~ y  show A hint ltnrtuolts appearance on t h ~ i r  
foliation planes. In thin &ion a strongly rnarlrptl entaxitic stnic- 
ture is displayed, which is fizrther emphasized by the f ~ c t  t hrt certain 
flow bnds show a more advanced devitrificrrtion than others, Por- 
phyritic co~~stituents ere not numerous. Of these, q n ~ r t r ~ s  am t no~ t  
r11)undant. They exhibit in plnces some mapmntjc carrmion, ht~t am 
11sunl1y I~rolren and d i s p m d .  A f ~ w  orthoclase phpnmr;pstg are pros- 
ct~ t ,  trushctl and I~rgrly  converted to wricile. Epidottt, replacing 
original femic phenocr,vsts, is a ~ w r e  constittl~nt. Tflc gm~tndmnss i.: 
rnicmryptocrystal1inR nnd very feebly pnlsrixing. (CEec~ionlrlEg car- 
h i 1 1  flow bands nre not~worthp on accolrnt of the ltbulld~nce of very 
minutc fl akcs of sericite. 

Thn tt~ffs nccompanyinp the rhyolihes, like t h ~  gmmstone tuffs, are 
renlarkable for the abundnnco of sn1uI1, anmular slatP fragment 6 which 
they inclt~de. Slicrwopic sttldy indicaf es that kha rhyolite t114Ts 
p d c  into p y w a c k w ,  A transitional type is nepregented by a rock 
in which gltw;sp quartzea ~ n d  white feldspttrs are stadclod in porphg- 
ritic fashion in n dcnw greenish mntrix. In thin ~ect-ion &out half 
of tlw slide is compn~ctl of nrlmerolrs f r a p l a n t ~  of micmcryptocr:ys- 
tnIlinp vnlcanics s1mw ine: fl nxion phenomena. Thcy nre sp~ringly 
parplp-ril ir, nncl in nlir sect ion welor? fnl~nrl to contnin d ihexahedral 
quartz. 'Shew, as it wpm, constitute n groundmnm ffir ~ n g u l n r  f rag- 
rnents of qrlnrtr, and p l s d ~ c l a s c .  Tha rnicrocl i t r g  c~n~rnonlv refcrred 
to nltile arc ~tnt~srlnlly mrll &own in thr q ~ i ~ r t n  fmgments;, nR i s  also a 
little zircon. The frldspnr occ~sionnlly shows mundcd eclps, and 
is usaaI1y in nn advnnmtl state of alteration. Somo partially chlorit- 
izcrl n~lgitc rind R, little hornhlenrle nre HISO prewnt. Slate pafiicles 
fir(! nllmeronq and h! l ( l~  rnalclin~ ~rouncl, the othcr constituents in 
canseqltcncc of tho ~lvaring ta which the mck has been subjected. 
Chloritic r n ~ t t ~ r  fornbs the binding m a h r i ~ l  af the roek. 

The pnemlptrorofiraplip of thr rwks of tho Knik a-edon pro%*- 
t,hnt thc grmywnckes were derived largely from the destruction of a 
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granitic area, prob~lbly, as the i~lclusions in the gBeenstone tuff show, 
of quartz-diorita character. 

The variolls rock types, grnywackm, peenstone tuffs, and rhyolite 
tuffs are c1~aract;erized by the presence of numerous small, angular 
data fragments. Metame~.phism has not proceeded far enough to 
mask the clastic origin of the typical members, nor to cause a, marked 
development of new minerals. 

The cleavage of the roclrs of the Sunrise " series " is parallel to  the 
bedding. The strike, which is K. CdO E. at  the mouth of Knik River, 
gradually svings around to the north as the Knik River is asclended, 
and becomes N. 10" E. at Knik Glacier. This change of strike in 
the strata coincides in a general way with tho c11nnge in the axid 
hand of the Chugach Mountains, which in this region make a great 
bend to the south and continue into the Iqenai Peninsula as the ICenai 
Mountains. The dips ase ilsually high, ranging froni 40" to  90'. 
Struct,urally the series presents a, rnonoclinal succession of steeply ' 

dipping strata, which is undoubtedly due to repetition by close 
folding. 

The rocks on the south side of Knilr Arm were included by Men- 
denhalI " in the S~inrist! '; series," as origintllly defined-+ name given 
t o  the metamorphic gold-bcaring rocks owursing in the Snnrim 
mining distric* on Turnagain Arm. They are doscribed by MolFit" 
IIS oonsisting principally of slates ~ n d  nrkoes, with very suborrlinnte 
amounts of quartzite nnd conglomerate. Thg rbo&u of the  region 
under discnssion bear n genernl litholofic rasemblancc to thaw of 
tho Turnagain Arm region nnd conform with them in drike. There 
appears, accordingly, no goad reason for introdl~cing a new - f6r- 
mation name, and lhey RTB l~erc djsc~ssed 11~lder the desipation of 
Sunriso formation, allhough basilltic g-rcenston~s and ap~rh~ol i tes  
have not been described from the type locality. No  fossil^ have yet 
t w n  found in the  sun^-isc furrtlntion, so that a d g  bntative con- 
clusions as to  its age can be drawn. The slntes and graywaclraq of 
the Sunrise '& series " in the region under discussion nre more highly 
metamorphosed than the shales and sandstones in t110 adjoining 
Matamlslza region. As the latter a r e  s h o r n  by [heir marine fauna 
to be lower Middle Jurnssic, an age probnbly earlier than Middle 
Jurassic is indicated for the Amriw b4series." From a similar line 
of evidence in the Knchemak Bay region Moffit has assigned the 
formation to a pre-Jurassic, prnbahly Paleozoic, agr. 

OP, t i t . ,  p. 306. 
eYoiRt, F. El., Gold fields of the Turnngnin Arln region: 1Jull. U. 8, Geol, Surwy No. 277, 

1408, p. 18. 
Op, clt., p. 19, 
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In tho absence of definite paleantologic evidence, the correlation of 
the Stlnrise fornation with the similar gravacke-slate =rim of 
Princo IVjlliarn Sound must he made on purely petrographic and 
~tructurt~l pounds. On this basis it appears that the Sunrise for- 
mation i s  probably the equivalent of the TaIdez fornation. 

In addition to the greenstones, rhyolih, and accompanying pyro- 
cladics, which form an i n t e p l  portion of these rocka, other i p e a n a  
rocks occur, probably as intrusivm. They includc quartz diorite, 
pridotik (Iherzolito) , and andesite. The q ~ ~ a r t z  diorit~s on the 
south side of Knik hrm form bofiws, whose mln tion to the sursound- 
ing sedimantary rocks was not ~pon. They mru crrC by andesitic dikes 
of greenstone habit. A mew of peridotib cornpod of aagite, en- 
sttltite, and partially sarpntinizcd olivine occum in the mountain 
mass sauthwest of Eklootnu C m ~ h .  

LOWER MIDDLE JURASSIC ROCKS. 

bfRTn€RUTION AND CflARACl%R. 

The oldest roc03 of determinet1 a p  compriw, ~ndwitic greenstfines, 
qnnrtz prphyrim. t t~ f lamas sandhtones, ohalcs, and confilornerates. 
Some ma1 is found in the nonvolcnnic portiorl of this wries. The 
greenstones constitutr the most chr~racteris4ic member rncl attain a 
wide djxtribtrtion, eaperiallp in tho interior of the Talkeetna Moun- 
ta in~ ,  whem only tlie volcanic portion of tho scrim appears to be 
present. 

The p a t  b~llk of tho greeneoncs are clearly produetv of explosive 
volcanic activity. They occur larp1y in the form of stratified h m -  
cias (PI. 111, B ) ,  in which angular frapent.r of dark-hlll~ por- 
phyritic rock, varying. in size from microwpic dimensions to wr- 
rral fcet in diameter,  re i n c l d  in s matrix of p n  color. 
This contrnst of colors, which serves to ernphmi7, the h m i a  char- 
acter of the rock, is due to the ftlct that the ~nntrjs is nbr~ndantly 
changed into the p n  mineral chlnrite, wl~ereas the large mn~ulnr 
fragments. being' of a dense, fine-grained texture, have often mith- 
stood sltemtion more thoroughly. With the bmccias are intercnlnted 
various sheets of ampgdaIoids, porphyries, ~ n d  flow breccins. (See 
1 .  The~~~aloidsarefreqaently~t~~dcledwithnnmerot~s 
large amFgddes, whose fiIling may consist of chalcedony, qusrtz, 
mlcite, chlorite, or zeolite. 

A prominent feature of the geendones is the p a t  amount of 
ghattering and slickensiding which they exhibit. W ~ e r e  this in ternrtl 
movement has heen of a more regulnr character R rude ~ ~ h i ~ t o s i  ty has 
&n i m p m d  on them. Extensive pyritizatiou of a diffu~ed char- 
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achr was noted at  several Ilecatities, but a thin isregular seaming 
with calcite a p p m  to F l e  the most ususl f o m  of mineralization. 

Petrogmphicnllp the penston- nre prernilingly andesitic, usually 
of IlynIopilitic or pilotaxitic texture, and more or less completely 
chl~ritized. Examples more hasic t11xn nnclesite appear to bu rRre 
and mera notd only on Boulder Creek, about 7 miles from its mouth, 
where greenstones displaying coh~rnnar structure make up  the north 
wal I of the vnl leyev. Thaw prove to be ditlbase porphyries. 

' 

The thickness of the g~w~lstones often exceeds 1,000 feet. The 
tufls lmnIly contain fragments of lignite, and nt  the eastern end of 
Shcep Mountain, in the n p p r  Matanuska ITa1Iey, mere found to 
carry marine shells in a fine stnte of p=rvation. 

Under the convenient field term '-quartz porphyry" have been 
grouped various rhyolites and dacites, including their tuffs, that 
ilrpl t~smci~ted with the greenstones. Th- are widely distributed in 
the interior of the Tralkeetna Mountains. The rhpolites are p e r -  
ally flinty-looking roclrs containing g.l~ssy phenocrysts, but alw 
include some splendid Aom-banded pha-5 Devitrification is corn- 
mon in the rhgolites. Some of the daciw resemble the rhyolites in 
appearance, but others possess n greenstune habit. These acidic lams 
appear ta have been erupted either during or sooa after the period 
of the rtndesitic extrusions, ns they contain included in them fmg- 
ments of micralitic andesits. 

During the extravasation of the rhyolibs conditions ncre not nni- 
form over the province. While lavas were accumulating in mmc 
portions of the region sedimentation mns pl-ogressing in others. On 
the divide between Hicks and Boulder creelrs R white strnk~m 20 
feet thick is prominent. It proves to be a feldsp~thic sandstone, 
with some-irregular thin white  band^, abottt H, qunrter of nn inch 
thick, scattered hhrough it. The rnicr6scope shows that  them bands 
are composed of microspherulitic particles and fr~gmcnts of devitsi- 
fied rhyolite, with fine flow ster.ract~tre, indicating t h ~ t  s l ~ o w s ~  of 
rhyoljtic material were prevalent during this portion of lower Middle 
Jurassic sedimentation. 

At various points, especially in tho region mst of Chick~loon 
Creek, the greenstones nre overlnin confo~~rnal~ly hy n series af wtlcl- 
stones and shales. Some finely flow-handed volcrtnics, now rievitri- 
fied, sre in places a~ociated with the sedirncnkq, proving Chat erup- 
tive activity had not entirely ceased during their deposition. This 
series, by its dominantly wdimcntary ehnrncter, can be readily d i e  
t.inguishsd from the underlying rnetrt-andesito ~ccumulation. 

The sandstoces arc t~sltn l lp frlclspflt hit, nlid under the microscope 
show numerous srnaIl fragments of ~nicmlitic nnrlesite no lar@r than 
the feldspar or quartz grnins. The uflales locally carry numerous 

13070--B0ll. 327-W-2 
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limestone nodules. At various IamLities the s h a h  and sandstones 
associated with the penstones nre intensely shattered and crushed. 
This is ~ . ~ i n l l y  notable in the gorge of Billy Creek. In this vicin- 
ity nlso occur wvcral condomerntes not found elsewhere in the wries. 
Some of thew, prhaps, merit, description. The conglom~rate just 
above tho hend of the gorge is composed of well-rounded bowlders, 
nptto 4 feet in diameter, of nndesite porphyry and of arnygdnloid. 
The matrix of this volcanic eong l~rnera~  has been wverely slicken- 
sided, On Clre same stream anot.ller conglonren~te 400 feet thick in 
~ v e a l e d .  It consists of vario~~s porphyries anti white qrtarb ~ w b -  
blk embddod in a gritty, coherent matrix A noteworthy feature 
of this con~l~rnerute is the abundance of pebbles that show indi- 
vidual fatrlting. 

The general strike of the serim is north nnd south (magnotic), and 
the dips nre ~~urieble. Along one of the western trik~tnricn of TTirks 
Crc~k n &nth synclinal folding is exposed; farther north on Hicks 
Ctrek n small steep anticline, trending N. 30" 6. (rn~pnetic), is 
shown. The beds nre broken by namerous faults of smtlll throw 
find, ns is evident from the detaiIed ilmcription a€ t I~a  ~ e r i ~ q ,  hnve 
h n  s~tbjected to R large amount of in t~rnal  clisturhance. 1)etsiled 
mapping mill show the preen= of a complicated system of more 
dens ire  faults. 

PII- A X D  AGE, 

The fossils found in tnffs associnted with the peenstones were 
slrbmittcd to T. W. Stanton, who w p r h  US f o l l o ~ ~ :  
R h K, MY, FnwiHfern~~~ Snffs, na~sorlntcrl wlth lnvne nnd r o a m  pyrocladtlcrr. 

from the head of Matnnnska Rlrer. 
Rhynvhonelln. As tnr t~?  
tlma. Protor* rrlla, 
FpCten. Brncwrtb m l m .  FIenromp~c. 
Pwten. RlwcIes of Vnln type. Roi~ninlnl 
Trigonln. 

The JnrniruIc age of thia lot Is clenrly ahown by the form of the TdgmEa and 
ot the runmonlte (ISmnimIuP). The general ampert of tlle fannn in that of the 
l n w ~ r  part of the Enorhkin, though It Inny he ~omcwhnt older thnn the fnnna 
!n lots 888 and 888. Witti the exmptlan nZ t l j ~  t'nlm-Jllr~ speclas of pm3en 
there i s  nothlng fn I t  to 5u-t the lower Jurawlc fnuna of Beldoda. 

According to this determination the sgc of the preenstones-ir: 
lower Middle Jurasr;fc.° 

. -. - - 
m8tantoa T. K., and blartln. 0. C.. M m i c  wtlon on Cook Tntet : Bait. ~ m l .  Soc. 

America, vol. la, 1909. pp. 391410. 



In general the sandston~s mnd shnlw nrc bnrren of fossils, though 
belemnite arc rather common. TIIP following species, hawever, were 
found nnd mew stthmittcd to Mr. Stnnton. wlro rpports as follows: 
R A. K. MA. Fnrllmtt rwek. trIhutnry tfi 3lntnnlinkn R l v ~ r .  

Imrarnna  cl. luclfer Elrhwrrld. I1hylImrna 
Fhmmpll. S~PFS~III~~M'C'P~R 
Pl~uroton~nrl~l. 0]111~llth TI 

Tlie tm lots nm ~vldently fnlnt the A H U I ~  hnrlzo!h. r~tlrl i l ~ l i r l y  ntl thr? qmnlr* 
mwir 111 the  lawrr pnrt n l  t k  Enwhkjn ;it Snnr: HihrlKlr. 

Tho qy ot thew mnds?on~i and shnles is. ilierefnrr, nrhs4antinllg 
~ I I P  snmr AS thnt. of the p n ~ o n e s l o w e r  M i d d l ~  311rna3ic. Tho 
~cdi1nentnric.r from which the n h w  fossils ~ ~ c l u  callcclt?~l lln not 
diff~r  I Y I I I C ~  in 11ppnm1im fmnl the Tertinry snnilstonr~ nf the 
region. The grenstrmwfi, holvecpr. wear R mow nncient nspnct, nnd 
arc ziw~ally mtvm internall?* ~Tisturk1 than t l ~ p  acid i rnent~lric~, pl'ob- 
nldr in consqaencc of the rolr~rne chanws which they havo ~~~~~~gono 
during their metawmatic nlt~ration. 

QUARTZ IIIORTTK 

Much of the su@d int~rior o f  t l lp  Tnlkmtnn 3fountains remains 
unexplored, but such evidence na is nrn i l a l~ lc  indicntes that the great 
centnl area consists mholl?- of ~ n n i t  ic socks, Extensive P~~ 

of granular er;vslallinc~ mcrr r t ~ r o i ~ n  t ~ r c t l  nlong thrr line of travel. 
Thp morainal mnterinl brnupht rlotv\.n Iry lhc phricrs from the remote 
recww~ of t ! t ~  rnnge nncl t l ~ t a  p a c ~ l s  nf the ~ t r m r n G  h ~ a d i n g  in the 
mountninnns jntcrinr ronsist pru~cailinfly of p r i i r i r  r n : ~ t ~ r i n l .  

A ronsirlerrll-ile ruridg of rorlc Z.ylw* is  ~ C H I I I ~ .  I l lat  quartz r l i o r i t ~ ~  
appcnr to prcrlorninate. A qnartz diorit~ north of T q d a k n  Cmk 
carricg t hc rln rlr min~rnlc, hornb1cnd~ nnrl biotite. nnd is a m i n l e d  
n~i th t~ qun r4a-d iaritc ~ n e i s s  rich in ~~ornblcricle. 'I'his p e i m  i 3  found 
nIsn an GrnnEtr c m k  ~ n d  ic cloltht Pecs a crltaclnstic phnse of the 
I I ~ R S ~ V P  quartz dinrite. .tlonp the middle m u m  nf Chicknlmn 
Crrck quartz-nngii~ ~l ior i  t~ appam, hut toward the h~ntlwatcrs ih. 
girm p l ~ w  4 0  n mnmrit?  g-mnite. Along the nppcr Tallrc~tnn 
fineihws n p i n  nppar. I ~ u t  nlong the lower coltwe Inore quartz t2ioritc.q 
n r e  ~xpowd. .\lnn,n t h ~  wPs-t.t~rn flank of the Tnlkwtns M o l ~ n t n i r l ~  
~ r i n i t i r  ~ k s  Itn* ~*xPc*;M? it1 ,-at nbrnrlnnce almost c n n t i n ~ ~ o n ~ l p  
from Talkeetna River to IVi,'illow Creek and again as a nRrrow band 



forming the sou them boundary of the cry stillline mica-whist area. 
Near Sheep Creek some uralitic gabbro is found. In the vicinity of 
Kashwilna River is a light-wlored q111brtzw type, which proves to  
be a quartz monzonite. 

The quartz dinrites on the south side of Knik Arm are probably 
to be correlated with tho% ~naking LIP the main Inass of the Tallceetna 
Mountaina. SimiIarly a snutll isolated boss of epidotized quartz 
diorite a few miles east of the; mouth of Caribuu Creek appears to 
helong to the same general mass. 

AGE. 

Whereves the quartz diorites come in contact with the Susitna 
formation a recryshlliaation of the wdiment~ has taken place and 
finely grrtrlular hornfels has been produced. Along the upper Chick- 
nloon the contact of tho granite with the andesitic p n s t o n e u  is 
marked by a fine-@abed marginal faciea. Grunitc porphyries of 
nevndite habit, eontak ing gmnstone inclusions, appear near the 
contact and probably represent the chilled borilcr of the invading 
granite magma. 

The quartz-dio~itc boss east of Carib11 Creek, which appears to 
represent a satellitic intr~rsion attmdant on tho batholith of the Tal- 
keetnlt Mountains, invades the andcsitic prk4mnes of Shmp Moun- 
tsin, which have been shown by their fossils to h of lower Middle 
Jurassic age. Accepting the correlation of this quartz-diorite mass 
with thosr, of the central portion of the province, we have strong pm- 
snmptive evidence that tho batholithic core of the Talkeetna Moun- 
tnins is later than the Middle firassic. Fmm the abundance of 
granitic material in t8he coaxso congIome!mtes of Upper Jurassic age 
it is inferred that, tho intrusion preceded the deposition of the lato 
Jurassic stratrt. The granitic complex nf the Tsllreetna lMol~nt,ains 
jg thus contemporaneous in a general way with that great =series of 
batholithic intrusions of lato Mesozoic age which affected the entire 
cordilleran region from tho Straits of Mslgellan to the S e ~ a r d  Pmin- 
sula of northwestern Alaska.' 

UPPER JURASSIC ROCKS. 

DIBTXUBGTION AND C H A R A C T W .  

The Upper Jurassic rocks consist largoly of blue shales, lncally 
carrying fossiLifero~ls limestone nodules. 'CVith the shales are asso- 
ciated varioi~s sandstones, conglomerates, and same tuffs and arkoses. 
Strata of this age have a wide distribution east of Chickaloon Creek, 
but mere not. observed in the Tallraetna Mountains. 

a tawson, A. C., The cordltlentn Meaoaofc ~ a l n t S o a  : .Tour.' Feol.. vol. 1 ,  1893, p. 579. 
Brooks, A. R., The geography and geology 91 Alaaka: Prof. Paper U. S. Geal. Survey 

No. 46, 1908, g. 250. 



UPPER JURAKCIC ROCKS. 21 

The sandatones nf this wries nm ~~sunlly orulinnry ~ P T I O W  mdston~s,  
which in plaees RFP rn t l sp ir~~o l~n  on a m i ~ n ' t  of the multitodes of 
dz~eelta mntsjned in t h ~ ~ ~ t ,  tiria f&l making up us mlrch ns one-half 
of the rock. In wrnc p111c~s tllr r;nnrlstoacs I~aoe l i g h t - p y  rolor. 
This is  duo to 1 1 1 ~  fact thnt  sttclt l n ~ d n  am Ilirl~ly feldsl~nthic and con- 
tnin much finely cornmin~ttnl b l a ~ k  micn with an ab~u~dance . lml lp  
at small hits of  c n ~ l > o n n ~ o u s  mnt~rinl. 
On I3iEly Crcek n nl~rnb~r  of intcrstrntificd trlff M s  from 1 to 4 

fmt ihick w a ~ r  nenr thr tx~p nf thr wrics, n few 1111ndml fwt. h e a t h  
tha base of t lm CPC~RC~CIIIR. Thr* t trlfls di f f~r  p n t l y  in nppnrnnm 
from t lm o1dr.r .Tnrns~ic tuffr, 'I*hry rtmsi+t largely of f r t l p ~ n t s  of 
glrssy, atrilltoil Icldsper., llorntrlnlrla~. nrld qrlnrlr. n-ith finp p?.n~midal. 
terminations, ~ t ,  i l l  1411 nlmt~hr. h1nc.k rnntris. Ilelcrnnitw ntld In mrl- 
libm.nchs nrn cmhPtld~d in thcw t i ~ f f s ,  Wififler in the wriw n r k m ,  
cI0~1-y ~i rnu l~ l t ing  ~ r n t l i i ~ n  in appcnrancv. are ietrwlsati fictl with 
the sunrl~;tonos. C n ~ ~ r s c r  ~ I I R S P S  t.nat18in picrt.9 of n fm11 granitic 
roclz-n hori~hIct~~?n-biot~it~-q~tnrt x monxoni tc. Thc n r k m  is e o z n p d  
lax-ply of rou~ldrtl nnrl nnpnlr~r frrrgmetlts of frhldspnr in n ~ r ~ o r ~  or 
loss adv~nced ~t~ntm of  nltrsnliofl. Qoi~rtz  is notably n k n t .  nwp- 
brown 11ornl)lentfa is fio~nculhrt comn~on, find n few flnkcp, of sttnngl,v 
planchrrric biotitt? nm fn~rnil. With t l lpsr  nre  nmcie tcd  f m p c n t s  of 
hornblende ~ndesita,  P ~ i ~ h l y  nltewrl, wmc of whicll were not~t l  to 
conhiti large idiomotpltic frtdnpnr similar to t h w  forming tho hlk 
of thr! rmlr. Thc! arkow Ihas 1 1 p p ~ m  to hnvc k n  derivetl princi- 
pally from t,hr! drstrr~ctinn of n vdcnnic Innil mnss, but Rome of its 
materi~l mns possil~ly brol~gbt f ron~  n monmni te RPPIL, n g  indicatecl by 
the f r n p c n t s  of monaonitr~. l l n d ~ r  the microwope the feldspnrs of 
t h m  nrkoses by tIwir nltrrfition rontrnst stron~ly with tile clenr, 
g l a s ~  feldspars o f  i h~ wrn~shat oldrr crptnl tuffs ~lrendg d~wrikd. 

A nntnhle nccumnlat ion ctf conglomerate, stmtclling avrr severnl 
q u ~ m  mileg. nrrlla in the Iw~arlwat~r region nf Snsitn~ River, near 
tlln Sclchina Riv~r ,  w h ~ r ~  t.xtensiw glnciat ion hns prodoced deep 
tm~rghs that c s w  sr~l~ndirl  wrtinns of it- Perpendicular cirque 
wnll.; reveal n thicknew nf nnt Irw than 1,100 f ~ e t .  Occ~sionrtl thin 
I~pcrs of snndqtone show that t be conglomernte is lying in horizontaI 
11t titude. It  is 'slmost e ~ c l ~ i s i ~ e l p  c o r n ~ r l  of Enrge wdl-rounded 
0I)wId~m of [tt~gite ~ l n d ~ ~ i t ~  and qnartz monzonite ~mbPdcZerl in a 
tuffnrm~ts mntria. In tht* lrpper horizons the bowlders of andesite 
pmponderat~. The bowlders of the conglomerate are e.liipsclidnl in 
s l ~ a p ,  nnd manT of thpnl nm ns mnrh as 9 -Feet in diarncter. The 
conplon~e~ate i s  lithificd firrnlp enough to form large bowlders in the 
prewnt ~ h m m  wash. 

Sllwta rlf lava are wmsionally intermlatd in the conglomemte. 
The n n t l ~ s i t ~  howldrrs nrr m ~ d  of rnther hh-1mEnng rock, 
and thus differ in nppearanw from the oTder greenstone aidesite. 



The ~ u p i t e  and f~ldspnr are cornpamtirely 11naltrw1, wbilc the hy- 
nlopilitic ,m~lndrnnw shows a rat her strong pigmmtatinn with iron 
hydrete. Tho qanrtx rnonxonite. which c ~ r r i ~ s  a1111inrI~nf h o r n h l e ~ d e  
nnd hiatil~, is also of fwshi u n ~ l t ~ r e d  habit, Tt  ir t h ~  mme type of 
p n i t i r :  rwk thnt is found in the ark~n'es on Rillv C m k .  

Along Sclchinn Hircr, immediate1 b l o w  thp j ~rnctim of the norkh 
and w i t h  forks, the stream bluffs r ~ v e n l  nn int~rdigitntion of lenm 
of snntlqtnn~. s h n l ~ .  ancl coarse conglom~rnt~. The sandstones shorn 
moss-lmlrl ing  and rontain remains of 11 ~tce77n. 'I'll@ cnnglomera tes 
am cmnpwr I of ~ ~ 1 1 - m o n d ~ d  materinl, h w l ( 1 ~ m  u foot through Iwing 
mrnmnrb. The pwrnlence of granitic rwks is not,e\\-orthy. 'I'hc con- 
gltmcrt~tr nluwer wrve to emphasize t hc I~nticnlnr hnbi t of the ~ I P -  
posit, h If-nn 25 fret thick and 100 fwt long wnpr fo t~nd  completely 
~nclowrl Iby wndstonr. Snlitam watemorn ImnwEders h n v ~  b c n  rm- 
hctrlt.tl in the center of shrtle \ensea. These vnrious rharnrt~risticn 
inilicutc n (leposit io irn~d u n d ~ r  near-skorc conditions, prnhahl y in 
tho virinity of the c1~honch:hurr nf a swift stream. In  hnrmonp with 
this int~rpwtation is that fact flint the .ttrrb?n characteristic of tllese 
r(wks, t I ~ O I I ~ I I  R trt~t* rnnrin~ ~prcirs, i s  nftcll found in berls int~wtmti- 
ficd with wndstonea inclosing n b i ~ n d ~ n  t c~rbonaceous fmpents. 

Thp n p  of t h ~ w  dmtn has Emn rletedncd from the following 
invertc1)rstcs. identif i~tl  hy T. W. Stanton: 
1 ~ 1  6 A. R. 15C. I Imdrvnt~m a? KelcbInn Itiver of Copwr I l l ~ c r  drr~lnnw. 
CadorPn~n u11, hf ~ n y  ln~lnntuff nywr.1. BeTemnitw. Prnpnielhtr, 

IItP!IK. 1 
Thp hnrlrmn In thnt of lllr Cndncerar mne. which Iormn the upp-~  third of 

tlw Enocbkln rormatlon. 
~ u l  r ;  '4. X. 185. ?;~lvt~Inn Rlrer. 

The hnrlmn IR prntwhly In fhr upper 'pnrt nf the Enochkln formfttboa. 
l,nt 6 A .  K. !:#ti. Rllly E'repk. 

Aurrl111 r-T. hrnnnl Iloulll~r. 
Tbp nlulle qwl~ri olr-urn hi rrlrntlnr hwk In the Naknek formation of TC~rnInhnk 

Rny. 

The fossils indicate fauna9 of both lntr MiddIe Jurassic a p  nnd 
Upper Jnrn~s ic  age, It is intemting to note that the Upper Jllrn~isic 
rocla of t,his region, which nrcr f o  unnlly nllind to those of the X n k n ~ k  
fomntion on the west. ca~s t ,  of Cool; Tnlet. ~ h m  a certain l i thnla~ir  
~irnilaritg in the presence nf int~rr;tmtifietl tugs and arkm." Fl~rtllcr- 

-- - --- 
a Staritnu. T. N.. nnfl Itartla, a.  C., MPamalc nPd1on on Cook Jnlet: h l l .  fled. h. 

Awrlca.  vol. 16.1805. p. JU". 



more. an sccumwlsticln FPT? similar to the remarkable andcsite- 
granite conglomemte occurring on the headwaters of Susitna River is 
fonnd at  tht. ba.w of the Saknek forrnati0n.e 

The late J t ~ ~ s s i c  mcks overlie the lower Middle Jur~ssic rocks 
nnconformably. On Shmp Mountain, at the head of Matmush 
Rimr7 sandstones and shales wit11 a thin basal conglomerate were 
found resting on the croded edges of the lower Middle durasic 
p n s t o n e s ,  The following n~enst~rements indicate the amonnt of 
this discordance: The strilre of the  greenstone trrffs is 5- 12" W., 
and the dip SO0 E*; ihe siriltc of the superjamat sandstones is X. 85O 
W., and f b ~  dip 20° N. 

The thicknew naf the late Jl~rnssic racks (this tern embracing the 
late Middle durassic and Upper .Jurn=ic) is  not definitely h o r n .  
It certainly exceeds 2.000 fcet, including n known thicknw of 1,100 

. feet of conglomerntc. 
Two conglomerates have been described as occurring in the late 

Jurassic rocks. Of ttlesc., the andesi tc-qunrt~-monzoni2P, conglomer- 
ate overlies n portion of the late .Tum~~ic stratltl possibly of upper 
Middle Jurassic age, nnd overIaps the. grecnstonm of lo\rer lMiddle 
Juiassic age. 

The other conglomerate m u r s  interstrat ifid with shaIm and sand- 
storm, carrying dercefh cf. b m n d ,  so that it is definitely known to 
be of Upper d u r a ~ c  agp. Tile granite Emvlders of this eonglomm- 
tlte do not. however. show the striking freshnew go ~hnracterigt~ic of 
t h e  granite of the other congIoaerate: hence it seems tcl have Imn 
derived from a p n i t i c  landmass mhich had been exposed far n, 

longer period to subaerial decay. For this reason the antledtc-grmn- 
ite conglomerate is regarded as occupying rt lower position in the 
stratigraphic colnmn, probably near the base of the Upper Juras~iiic, 
like its analogue on the west const of Cook Inlet. 
The nnmnformity between the late Jurassic and the lower Middle 

Juntmit: rocks records RCI important event in the dynamic history of 
the nrerr. Below this break ir, the stratigraphic sequence the roclcs 
are shattewtl: and broken and in many places are ~wdely whistme. and 
the anfiesites have asmtmed a peenstone, habit and in several plafies 
have heen extensively pyritiz&l and veined by quartz and calcite 
seams. Ahove the ~~nconformity the strata lie in comprtratively 
undistrrrhd attitndag, ancl the intercalated andesits are f airlp f m h  
end !inn ltctwl, differing in this respect but slightly from the Tertiurg 
volc~nim of the rrgion. 

M~rt ln ,  G. C'., Thc wtroleum flddm ot the PzitlRc coagt of Atnaka: Butl. U. 8. Qeol. 
R~ITVPY NO. .an, ipnti, a. 44. 
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LOWER CRETACEOUS ROCKS. 

Rocks of Lower Cretaceous age are represented mainly by a single 
formation-B rnwsively bedded Jimestone, 300 feet thick, which over- 
lies the Upper Jurassic strata confomably. The limestone has R 

limited areal distribution and is known only from the headwaters 
of BjUy Crwlc and Nelchina River, where it weathers in prominent 
p y  cliffs encircling the hilltops. (See Pl. IV, B ,  p. 42.) The 
limestone is white and of very h e l y  saccharoidal texture, On fresh 
fracture it emits a s-hong fetid odo~ .  It. is readily soluble in coId 
hydrochloric wid, and evolvw an abundance of unpleasant hydro- 
carbon gases. Qualitntive testv s110-i~ t.he presence of not more than 
n trace of magnesia. Under the microscope the detrital or_ganic 
origin of this limestone is readily apparent. It is largely composed of 
irregular granules of dirty-looking calcite, but wit11 these are asso- 
ciated numerous prismatic sections referltble to organic fmgments. 
Rhombohedra1 cleavagw is hem and there finely developed, but the 
characteristic calcite twinning is notably absent. Some of the car-. 
bonate is still in the aragonite form, as is indicated by negntiw biaxial 
interference figures. Accessory constituents are limpid plagioclase, 
quartz wit11 hairlike rutile, hornblende, nnd, more tarely, augite and 
3patite. The incomplete conversion of the carbonate to the stable 
modification, and the absence of twin lamellation in the calcite indi- 
rate the essentially static conditions in which the limestone has re- 
mained since its formation. 

The age determination of this Cretaceous horizon is based on the 
presence of A ucalln crnssicoZlis lieysirrling, obtained by Mendenhall a 

from n conglomeratic sandstone at the base of tho limestone. This 
conglomerate may indicate R time break between the Lower Cre- 
teoeous roclrs and the Upper Jurassic strata in conformable sequence 
beneath tlie~n. 

TERTIARY. 

Strata of Rend age were found onIy in the basin of the Mntanudca 
west of Hiclrs Creek, underlying an area of about 380 square miles. 
This fignre represents w minimum area, aa the lower Matnnusktt Val- 
ley is not included in the above estimak on account of the heavy 
gravel sheet which effectually mnceaIs all bed rock in that part of the 
region. Strata of fhe same age are found at Tyonek, on the west. 
side of Cook Inlet, nnd at ~t~arious points in Sugitna Valley, but they 
differ considerably from those of thp Mstanuska region in their lith- 



aloe and Rtmctuc~, in the n l ~ n w  of  ~ ~ s w c i ~ t c d  intrusive-q, and in 
the character of Ihp intehZmtifitt1 mnl spnmn. Rocks of Renrti nge 
are wi(lelp (list ri b u t d  tllrougliout .Unsk:~, hut llsrlnlly in nrcas of 
restricted e-nt. 

The Kenai of the Matnnrlske bnsin romprirres a W P ~ P ~  of sandstones, 
shales, ark-, numeraus coal seams, and a large volrimo of con- 
glomemte. The rocks nm well indurnted, and, as first noted Ijy 
3fcndenhal1, resembIp the Paleozoic coal mensnrrs of t h ~  .ippn- 
lnchinn region. The sandstonrs nre  my, hnrd, and tongh. and nre 
characterized l ~ y  the presence of sill-ery shrpds of white! mica. .It 
Rams Iocalities, as in the leaf-bearing ~trnta  in the Kinp C m k  mill 
measures, the andstones contain sl~ale fmgments. T ~ P  ~hnltu; shotv 
110 unusu~l features; they are dnrk-blnkh. f i~ i l e ,  and inters*rntifiwf 
with the sandstones in r e v  wp~lar 1w.s. The arkwes mrrt. nnted 
only on the ridge north of Tsadaka Creek. a b n t t i n ~  a p i n s t  the 
qilnrtx-diorite mnm, They are campwed of felrlspar, quartz. nnrl 
chlorite, nnd locally contxin ,granite pebbles. C~rtnin stmtn nrc fine 
examplea of regenerated granites. 

Gnnglomer~te is  found at Castle Mountain, l e twen  Kinp and 
Chirk~Poon crceks. nnd nt Cunglo~uemte Jio~~ntain,  lwtween T ~ n r l n k n  
and Eskn creeks, (Sw PI. 111. ;I. p. 16,) ..It lmth ~ I I I W H  thr 
dcpmit. is at  least 1.000 feet thick. Thin santfstone k d s ,  not cxcwd- 
inp a fpw feet in th ickn~~q.  nw int~rcalaterl with the mplomcr~t r  nntl 
pinch out along the dip. T h e  p~bh le s  of the conglorncrnto nrt? wcll 
morn and pmew n well-tlefinerl shinpIinp. Their ciiamct~r averaps 
4 inrh~s ~ n d  ranps rlp lo F1; inch~s, Grernstonc! porphpi~.q form the 
principnl rnat~rinl of the conplonir.ratR, with somo quartz porphyry 
nnd vc.r.v rawly w m ~  pnnite and vcin q ~ n r t z .  The mntrix of r bc 
pphhles is n fit. 

IM~ndenhal 1 descrihr thr mt~giorn~rnle n f Cnstle Mn~~ntniil  as 
follows: 

This heA In pPohnblp not Imn tlinn l.dWIl F w t  tlilrk, C(K, fwt or it hnvlng heen 
rrtenmrwl. nltd thr mtl~~lntwl hrl~tlt of llie rllR' nlmrp tile n t  the tlmv of the 
mpnmren~pnt kitrp:  to WW) Inmt. Tllr IIPIIV!: trrt~alr~uh~mttr plntm, whleh 
t n w t h ~ t  make t h ~  titnantnln. :tr.lm wprtl'1rtec1 by tllln ;snarly ~ b n l e  mhcctu, whic l~  
corlatltntc tmt ran l;rrlm~ltlctt~rt qr~nntlty nf t31r r~ii~ss. 'rhp p~llhlra of the mu- 
g l ~ n l e r n t ~  rantnln n rrPr!t vr~rlrtp af r~~ck* ,  llatlntig f l i ~ n i  rtlnlly lffi~rvlu~ tgpm. 
They nre runntlprl mnrl c l~ry  In s 1 7 ~  1111 to  n fnot In cll11rntrtPr. Ov~l'lglna the 
rnszle JJwnt~lln tml 11n II Iwxly nf anft ~11111- *lWt!i 11 C I L ~ ~  or red F I R I I ( ~ H ~ O U P .  

Heavy beds of ronplnmernt~ dipping to the north rnn 1~ wcn on 
the east siclr! of Chickalmn CWPI;. Thty nrc part of a p a t  series of 

- -. - - - . - . -- - -- - - , - 
*Medenhalt.  W. C.. h m n u a l r a n n t r  Imm Rr~tirrrrtlnn Rn7 to the Tannnn Rlver, 

AIanka. In 1Rr l&:  Twrntleth dun. Itrlrt. 11. R. rlrol. Hurv~y, laaU-VD, pt. 7 ,  p. 208. 
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snndstonep, shale% ~ n d  condgmerateq probably not l e s  than 3,000 
fwt. thirk, which arp ~vcrlain by I ) a d t i c  porp11yri~s at RII elovation of 
n h l t  4,700 fwt, Cunyms a~t  thro~rfi this *rim of mcks have nanrlp 
r~rtferll walls and givc tn the mountnins n rnasxivc enstellnted form. 
(Sw 1'1. 111, C,  p. 1R.) 

T ~ P  crml of the Kcnai of the hlatant~skn basin is bitnminoll~, except 
whem modifid by ignmtls rocks. The wnms vnrg in thickness up to 
a maximum of 17 feet. 

FUH8n.U AND AnE. 

Thp n p  of these M s  has bwn rletermintld from1 thcir fomil plants. 
T h e  hnrt- Imn szl21mitted to F. R. Knowlton, who rrpnrts :)R 

folInw+: : 

Tbl* mnterlnt. cowlstln~ of RII nninlt Iotn, IA in t l i ~  rnnln vary pnrlp prr- 
wmad ~i rh t l  I~im~Alclent in qnltntity to rnnlre tlw report rrf  I n l l ~ n t  PII~IIP .  ' 6 b ~  
varIuuw Incntltlm ttnd the foms cletcrtwl tlt each R r r  RR fnflown: 

TnxWluna cllptfchun~ n~lncpnurn td~er. Flrun? @intondim? Zlwr. 
Tt~xorllnnr tlnnJomm IIwr. I'nllunr* mlon~bl llcw. 
h l l ~ l t l ~  NIL? F n ~ ! t s  rf. I ~ l l l ~ ~ c m ~ t ~  ~ 1 1 .  

In nddttlnn to t h l ~  form RIndtn mllwttrl : 

I n  uddition to thc plnnt rernninil, shells have b ~ c n  found by Mnr- 
tin in tlv thin i rnns ton~ (Xo. 1 5 )  in the section on page 12 of his 
repart.0 Slrulton WPH : 

Thln Int (KO. XTlf?) rnnaEnts r~htlrely nf fre~b-water ~fkRt~rOpOd& o f  wblrh sll 
hut trt lr  u ~ l r r l n ~ r l ~  IwEnuc t r r  ti ahiyle R ~ I ~ I P R  o i  V l ~ r i p n r w  of n type tbnt wnlm 
In h t l l  thp npjwr I'rptr~rwnln nntl thp Tertittr~. The other ~pwimen Is n mom 
~ l e r i d p c  form. tcw Inl[wrCrr-t for pnorir d~t~rminatlon.  Tbae ~OSR!!R nm App~!r+ 
entry nn n~~rlmrr!lwl W ~ W F P R - I I ~  lmpt thry 11re npw tn Alaflkn-and they do not 
flx t hr I~orlmn niorc rllwcl y than IR ahnrv Indicatd. - 
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The evidmw fro111 the flom of ill- Iwds shows, therefore. that 
they Ixlelong lo ~ I I P  RPIIR~.  n.11 irll i s  segxnled as of Ilpper E m n e  age. 
The witlmm frmn~ t l ~ c  fn-4 1 yrtist~rrrl~nrl~ is vnloable in mnfinning 
the fmsll-watrr origin of t1lis thirk serirs of straa and, in s general 
way, ihcir ln tc  Cmtnccnus air Tertiur!- a p .  

Thc t hicknms nf t l i ~  Rrnn i in (his field is not. definitely known, b11t 
js  ovcr 3,000 fwt, o f  WII ich t -000 feet, rlenr the top af the wries, con- 
sists of the conglomcn~te. 

Tlic strntigrnphic r~lnt ioi~h of these Tertiary strata to the nlrler 
roclc~ nre co~nplax. Korth of T ~ ~ d n k n  Clm,k, n-l~ere nrlmse~ come in 
contact with pnnitic ~qncks, simple ~ ~ m i n n i ~ l  unconformity is mg- 
gcsted. I17cst. of the Little S i ~ s i t n n  thew is e-i-iclence t h ~ t  the position 
of the snndstone hrls nguinst t l l ~  crystnlIille r a : l ~ ~  is due to faulting. 
At on@ locnlity the Imcls nwrlie lit n consjdernhlt! angle crystalIine 
micn shisis, mllilo s milr or twa Snrtller rr~st II p n i t e  similar jn type 
ta the ccnlml g r n n i t ~  nlrss 1111s taken the plnce of the sandstone beds 
agninst the ~chistri, nntZ the si~ndstorles lie farther south, against the 
granite. (See PI. TI, pocket.) Along the sonth flnnlr of Anthracite 
Ridgo tho Kenni lins brru hr~tltetl ngnirlst Jurassic beds. 

'!'lie Kenni tletls hare l w ~ n  SOIIIRCI n~ic l  ft~~ilted since they mere laid 
clorn~l. The folding is at sanw p l n r ~ s  of a sh;lrp, asymmetric charac- 
ter. O n  nrcoltnt of the presprlce of con1 beds in the Renai, it is 
tlioi~ght t ~ n t  to pre.wnt the mnin discus.c;ion of its stnlcture in the 
ckscription of the con1 fields. 

Dikes nand sills of ilinbnse nre numerous in the Kenni rocks of the 
Matarruska re~ ion .  especially i l l  the region east of Chickxloon Creek. 
where they fonn prornin~nt " trap ridges." Tile thiclmesq of the 
i~itrusioen mnpn from s;er~ml fwt up to ser~rnl  h a n c l d .  Eqnnlly 
noticen blc v~rintions in prnin. r u n g i n ~  froni eletr~melr fine-grained 
to coarse ophi t ic ~ P X ~ I I ~ * .  nrr rnSil~- ~ ~ ~ o g n i z e ~ I l > y  even the nalrd p;re. 
At Anthrncitc R i d p  c.11~ of thew ~~likes. 75 feet thick. compcwed of 
arrgite aarl labradorite, llns cxerteiI strong contact metamorphism on 
thr nrljoininp s l ~ n l ~ s ,  bskinp them into n porcelanite zone 8 inches 
thick. 

The igneous S I F W ~  orerl?- in^ ihe s11ales fin Kings Creek at the coal 
~~rospects di f f ~ w  ptrogrwphicn lly from the prevailing cliabase in- 
Inrsives of the refion. I t  carries prphpitir feldspa~s in a light- 
colored pmnalar ,nrnrmdrnnss and h a s  l m n  determined rnicroscopicxllp 
to tw a monmnite porphyry. 

The pffprb of tlwe ~ l i k ~ s  anrl sills on the coal is of particular interest, 
l'l?~erevt.r they cnt t l ~c  coal or conle claw to it thej have ceenrerted it 
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to a hard, dense coke. ~esides'this local effect the presence of thick 
sills in the coal-haring rocks appea& to have raised the grade or 
fuel value of the coal. A s  mil1 bc shown under the discussion of t,he 
mineral resources, the Matanuskn con1 field can lso divided into two 
districts, of which one, the western, contains lnw-grade bituminous 
cwal, ~pprosching lignites in corrtpositian, while the other, the eastern, 
contains high-grade bituminous coal. The differ~,nee in character of 
the coals can not be explained rrs dua t,o diffcrcnco in i11tcnsit.y of 
folding in the two districts. Igneous intrusivcs are ahsent from the 
westeril district, hut are prevalent in the enstern. This asmintion of 
high-grade coal with abundant intrusives is nt, least sugpt ive .  Far- 
thcrrnrrre, it is probable that the anthracitic chnrncter of the coal of 
Anthr~citn Ridge is due to the prewnce af unnsuiually thick and 
nbundnnt dilcev in rocks of ICenai age. 

Thc Kcnni mclr~ of Matanuskn Valley differ nrarkedly from thowe 
of t11e t y j ~  wction of the Kenai as expos~cl on Kachcmak Bny, on 
Cook Inletp wherc tho sandstones a k  soft and incoherent, the fi l~~les 
are plnst ic when wet, and the lignite senms form the resistant mem- 
hers. The k l s  on Kachem~k n a y  lie a t  Iom angles in undisturbed 
attit~ldt-3. Tho l i p i t e  is in g~nernl  hard and glosy, but in the 
higher !rams F m m c s  dull nnd shows a, more woody fiber. The lower 
seams have h n  buried under rl, depth of nearly 10,000 feet of strstn. 

If the Kenai of Matanuska Valley 66 compared with the Renai 
exposed nt. nonck,  the contmst is even greater, though Tyonek is 
nearer than Kachmnalc Bay. The Kenai at Tgonck consish of alter- 
nating beds of cln?-, sand whicll hits h ~ r i l ~ r ~ e d  to s~ndstone in huge 
ndulerr, and lignite.'" Accortling to EIdridge, the lignite in places 
hardly appears to be more thnn n. compressed maw of carbonized 
wood. The strata are tilted nt nngI.lra ranging from 35" to GO0. 
Thongh more sharply deformed, the coal is of lower p d o  than that 
of Rachemnk Bay. 

From the foroping comparisons it appeam that the Hmai of 
Matannska Valley differs considernbly from that of the adjacent 
r~gions in its higher d ~ g r e  of hiniration and in the superior quality 
of its ma1 seams. The conclllsion can IN dcrrwn thnt the higher 
character of the Matanuska coal is due not to mnditinns of deeper 
burial or sharper folding; but to the pmvalentle of intnisives in the 
rorcl-bearing stratn. 
-- 

a Fttonr, R. W., C o d  fields of the Kachemak Ray rerlon : Bull. V. R. ~ ~ P O I ,  gurveg No. 
277, lRO8, .v. 58. 

b Rpurr, .I. t:., Rmnnalsance in southwestern Alaekn la 189R: Twentbth Ann. Rept. 
n. a. GMZ. survey. p t  7 .  IB~B-99, p. 102. 
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POST-EOCENE. 

overlying the older rocks unconformably is R series of nearly hori- 
zontal basalt flows, which, with their intercalated pyroclwtics, at- 
tain a thickness of 1,000 feet. T h q  have an extensive distribution 
througllout the Ttllkeetna Mountains and compose many of the peak9 
and summits of the region. They weather in tints of red and break 
down in characteristic erosionnl forms w11icll lend R picturesque 
castellated appearance to the mountain crest lines. 

The basalt f lo~+s mith their interbedded tuEs and breccias present 
a stratified appearance. The surface upon ~ ~ h i c h  these ieolcanics 
were accumulaterl nppears to hava been one of gei~tle relief, cut 
across thc upturned edges of the older rwlrs. The discordance mith 
which t,he nearly horizontal basnlts rest upon the 11nrIerIfing ~ t r a h s  

" varies from 10" to 90'. A h n t  the headwaters of Cbicka,l(wn Creek 
this surface slopes gently north~vtirtl. East of Chickuloon Cw~lr  
its alt,itudo is about 5,000 fwt. It i~ sornevrhnt braken by small 
faults, the maximum displacement noted king  50 feet. At mnny 
places the basalts rest upou a conglorrlerate occupying broad ch~nrlcls 
in tho h w c r  Cretaceous limcstonc. Thc, basal portion of tho volcanio 
series hem consists of 100 fmt. of tufls and amygdnloid breccias, 
which interleave with the sandstone beds in ihe upper portion of the 
conglomerate. The conglomerate consists o f  rather codrsc wash cm- 
bedded in a gravelly matrix. The pebbles are well rounded, though 
poorly mrtod and shingled, and cobbles up to a foot or more in 
dimnetsr are common. The rnxterinl is laxply of volcanic origin, 
consisting principally of gr.eenstonc arny.g;ialoids nnd erltaxitic rhyo- 
Iits-+xtrusives of Jurassic tlge. Some irregular lenticular beds of 
sandstone are included in t h ~  raoglom~rnte. It is 200 feet thick, nnd 
in tho virjnity of Billy Crwlr fills a chnnncl 1,000 feet wide, wt in 
the Crctamous lirnwtone rtnd partly in t,he underlying mndstanes. 
The arclike line of contnct is finely rxposed in the deep canyons trihrl- 
tary Lr, Billy Creek. This conglomerate, -hose fln~-iatilo origin is 
t,l~us apparent, has n rery limiter1 disiribution and has been preserv~d 
only where; buried under tllc covering of basaltic Iavas. This con- 
glomerate ix  later tlian Lower Cretnc~mis, hut fi~rther than that its 
nge is not known. Lithologk sinlilxrit y suggests its cnrrelation with 
the p a t  mass of conglonlernt~ murring in the upper horizons of the 
Kenai in Matanuska Valley. 

Locally the cong10merate is capped by nn angular wash consisting 
of fraponts of sandstone and cellular lavas, upon which rests the 
stratifom series of baalts and pyroclastics. At on0 point a breccia 
of un~lsual constitution was foltnd near the base of the volcttnic series. 
This breccia consists of large angular blocks of highly amygdaloidd 
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lara, lrlwks of snnfldon~. rontaininr .-lwtlrr7ln, and a few blocks of 
the Cm*tttwo!rrz limwtonr rhnrnrteri-t ic of the re~ion.  -4 hasalt block 
8 10 ftrt wns thr 1nrp-t nntwl. The rni~trix in which this ~ngtl lar 
rnnlt~rir~l is  ~ r n k F t I ( v 1  is con~pnsMF of mall ,  well-rounded gmwl. 
Tltw f ~ n t i l r w  a r ~  iriterlmtrrE ns intlicoting volmnic mud flow w- 
cnpying nn nncirnt stwarn FOIIW. 

Thc ov~rlying l)n.;alz.; dEsplnF II widc rariation in habit and 
text urn*. H ig111y gl~issy fyl~-s, ,~t~yplnlojtl+, porphyries. and clolerites 
stm vnrion~ly mpm..;rntrd. Thry hwlnng lo the acidic end of the bnsaIt 
family nnd nw. in pnrncl tmn-olivinit ir. Thw coarse-pined basalt* 
mnsist of dalrri f ir R F ~ ~ ~ I ~ P S  of I R ~ ) F I I ~ O P ~ ~ C  (,lh,.\n,) and angite. 
Plnginclasc is thc dr>r~rili~int col~stitttent, ~ n r l  is in nnlp a fen- speci- 
merj.; poi1;iliticnlly inrlosed in tho nugite. Tho I~nmLt glass from the 
Ilet~tF of Cllicknlmn C'ru~lz, in fipite of its holnhynline nspect, is found 
tn contain sl)nrutlir phvnorrysts of plagior la~~ (.~b,,kn,l nnd nngite. 
a tid Porne smnll, ir~.c~ulnrl.v shnped rlolrrit ic nggrept- of Iahradorif e 
and arigi te. Tha ~I I ISHY I I L ~ S C  is of R t l~ lp .  clrar. h~-nn.n color. nncl con- 
t ~ i n s  I I I I I H P ~ O U G  aufiite and wry rninutc fclclspnr microlites, the latter 
nsnully l~nvillfi ferlrrd tt*miinntinas. 

T ~ I P  bnsttlls O V P I - I ~ C  A r o ~ ~ g l n r n ~ r ~ t ~  of p o d - h w ~ r  Crctace~ils 
origin find of prol~~ably latc? Rentti n p .  Their p&ropphp sug- 
g w t s  thnt they arr tlie rffusirc t ~ q ~ ~ i ~ ~ a l t ~ n t . ;  of 111e dinba- [likes and 
F~II s  ihnt RPP .XI mlnrnon in the TCcnai of t l~c  Jlatnn~tska hnsin. Thew 
rolcnnics of the Tnll;r~tnn 3lmntaina cnn h ccnrrrlnttd with tllc p n t  
sr r i rs  r~f  T r r t i a ~  ~rolcnnics of tho u p p r  Sizinn I~a.;in, described by 
Schrnder and ISpe11cp1-, ancl with an important \+olcnnic series on 
Talwwn Ril-cr. clcscrih~d by Rrrnlkn. Ifnth t l i e c  wriw nm r l~wr ibea  
as con1~ri4ng nndwi ~ P S ,  rhyoFite~. and proclastics, and were de- 
pmitetl a~nconforrnnl,lp upon n pnenll ~ ~ n i f o r m  s~rrface. The vol- 
mnivs of tbe Tnlkwtnn  pion. Ito\rcv~r. show rr v o t e r  ptropraphic 
tlniforntity nncl r m ~ r ; i y t  esr:ltr~ircly o f  l~ncrt I t s  nntl their frngnlental 
acctsnznlntim~... In this r e s l ~ ~ t  thry  how IL clowr rpr;emblancr to the 
I n t ~  'I'PI-t i111-y 1~~11s  of the ril~skn I'eninsl~ln nnrI the .Ileutinn Islands, 
\ ~ I l i v l t  I~nl-e heen dmrril~ed by Sp~uw * : ~ s  nndesitic h a ~ l t s .  

QUATERNARY DEPOSITS. 

Extc.nsi17~ rlepmit Y of gl.lnci~1 nncl fl i~vio~lnciol pnve ls  nre prpva- 
F~nt. T h p  P X ~ P I I ~  entirely nm~i11cl t,he hmtl of Cook Tnlet, forming 
hCuils 50 tu If10 feet hi& &lorn Ki~ilc the p n v e l  consists larpl?- 
of sulrnnp~lnr to rorlnrl~d p~hldea nf I~ornl>lendc-binti tp. gr~nite and 
grnymnckp, rr i t 11 orctlsional muscoite-hiotite #mite, pyrnxenit~, nnd 
rlnrlrsitir pnrphpries. F . n o m ~ n r ~ q ~ n n p ~ l ~ r  hlnrks am f w q i ~ ~ n t l y  in- 
-- - Rpurr. .l. E.. -1 mnnnlnaance In snathwstpm dla%ka in 1898 : Twentlpth Ann, nept. 
V. R. Gmh. W~rmvp, pt. 7. 190O. p. ?34. 
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cluded in this stream-worn material. Many of these have smooth, 
polished nlrfaces several feet quare, much scratched and grooved. 
Tl~c gravel sheet a t  Tyonek, on the west side of Cook Inlet, with  it^ 
extension np Slrsitna Vnlley ns far as Chnlitna River. h ~ s  beer1 rec- 
ognized as divisible into an older and a younger formntion. Tho 
older npparcrltly consists of tlir: grountI rnorairle of nn advttncing ice 
sf warn." and the younger inctddes flnvioglacial gravels deposited 
upor1 the carIier sheet during the recession of the ice. Tlreze distinc- 
tions cnn not In! clrawn in thc Matxauskn regiorl. The g r ~ v e l  sheet 
in Matannslm Vnlley is of considerable areal extent and mnntles the 
old vallcy flmr, e3pecialIp in the region mefit of Chiekaloon Creek. 
TIIF grnvelr, nenr the ~nouth of Kings Crcelr have n mtlxirnum thick- 

" 

new of about 300 feet. They are greatly watemorn, and the ice- 
rafted bowld~m so conspiatous in the vicinity of Knik Arm mere not 
observed. However, tho fact that the hlllff near this exposure in 
Matanoskn Val l~y  is composed of shales SIIOWS that gravels mere 
deposited on a surlncc of irregnlns relief, or possiblr in channels. 
This i s  also shown by the fact that the walls of the Matan~~ska gorge 
am in places componcd of  bcd rock, nncl in other places of gravel. 

In its upper course Malani~ska Rivpr has cat a V-shaped gorge in 
the deposits nnclc~ly  in^ tho so~~th\\-est mnwr of the Copper River 
Plateau. The grnvrls hero consist of a n p ~ E ~ r  blocks: watched and 
striated, inclosed in n bFn~ ,  clayey-sartdy matrix. The river Iixs cut 
down 800 to 100 fppt in f h is glncial til l ,  ht~t dws not pet wren1 b d  
~ w k .  Farther north, in I l i t  Copper River Plateau, stream bluffs on 
A tributary of the Selchf~~n . l i n ~ ~  coam gmvels of stlbanplar to 
well-rounded character. Il'i t l ~  this stream-worn rnnt~r ia l  are asso- 
ciated nlimerous gl.lacielIy seolrtl I ~ ~ v l t l t ~ r s  R I I ~  wc~~sional  angular 
blocks np to 10 feet in sim. The PIITPI hliows ronsiderahle variety 
in its petrographic charctcr. incl~lding numerous fs~grnents of gmn- 
ite, gabbro, peiw,  whist, slnte. gaymncke. and rein quartz. Sone 
of these rocks are founrl in thr! drninnge firen nf this stream, so that 
the fragments appear to have come fmrtl the hlaskn Range. 

G'EOCX)QTC HIHTORT. 

PRE-QUATERNARY. 

The old& records, of the geologic history of the rcgion are pre- 
served by the albite and gnrnetifero~ts mica schists. T h ~ y  nppear to 
represent a series of cnlcar~ons nrgilli tes nnd plngioclnse arlcoses, 
recrystallized under conditions of rlcvp burinl. S u b q n e n t  to thcir 
metamorphism they have l ~ e m  ~~pl i f tpd ,  intrnd~d bp pyroxeni te di lr~r ,  
rrnd subjected to a s~rontl ~>rr' io~l of dgnntnic nctivity. The dilres -. -- 

'Bgurr, J. R., op. clt . ,p,  las. 



were thus sheared and the component minerals of the mhists were 
mshed. me hqhly crystaltine character of the schkts ~ n d  their 
isolated occurrence as a single narrow belt indicate tho completenesrr 
of the -logic revolution which the region llns undergone since thcjr ? 
fomxtlon. On the basis of petropaphic similarity these schists are 
co+related with those of the Yukon-Tnnnnrt region nnd assigned to 
a pre-Silurian age. 

The time interval between the deposition of these oIdest rocks m d  
that of the Susitna slate is not known, but nppeam t o  have k r i  of 
considerable duration, as is indicated by the far less advanced mete- 
rnorphism of the l~tter. TAe Susitna comprises fissile slates, folinted 
grayw~clres, and microcrystdine hornblende and biotj te schists. 
The pwibi l j t ;~ ,  however, that they may be contemporaneous in origin 
with the r o c l ~  af tho Sunrise " series " is not excluded. 

Tn late Paleozoic nr early Mesozoic time sedimenta~ vondition~ 
prevailed over'the region now occupied by the Chrigach Mountuins, 
and an exten~ive wries of shales, arkose, and ferromagnesian sand- 
  tones derived from the destruction of a quartz-diorite land mass were 
laid down. Volcanic activiQ interrupted the normal sedimentary 
seqtwnw and caused the accumulation of greenstone tuffs, aassocia ted 
with some massive bttsaltic greenstones. Rhyolitic lavas were also 
poured or~i, nnd the accompanying fragmental material was mingled 
with the sedimenkq derived from the erosion of the granitic lanil nrea. 
Suheql~entlp t h m  cleposih were closely folded and rnetamorphowd 
to gnywackes, slates, and, locally, to phyllitic schists, 

At the beginning of Middle Jurassic time marine conditions mere 
inarrFurstedI Eruptive ndivity mas then widespread throughout the 
region of the Talk~ctna Mormtains, ancl andesitic greenstone breccias 
with intcrcalat~d amygrlnloids wera eccumnlated to n Zhichw of 
1,000 fcet, The relntions of land md set appear to have bee11 unsta- 
ble during this period, and a portion of the I-ol&cs mere doubtless 
extrudctl trron [ r  pli f t ~ d  Innil areas. Tile exc~edingly coarse rolcanic 
conglon~erntps show the effectiveness of erosionaI agents, and the corn- 
psi t ion of the succ~etling sandst ones indicates their derimtion from 
a n  andmitie Iand men. 

To\\.ard the dose of the Mirtdlb Jurassic, qnnrtz diorites forming 
the core of the Talkeetna Morrntnhs wem intrlrded and the Talkneeta 
nma ~ v a s  ~~plifted.  il vigorotls denudation ensued, the sedimentary 
mf ~rrhing aver the p111 tonic rocks was Stripped 08, and the p a n -  
olites were uncovewd. 
Ry the kginning of the Upper Jurnssic the granitic land mass thus 

laid bare hrrnished Inrge amounts of material to the conglomerates 
then accunrulating. Some andesitic eruptions occurred at this time. 
The relief of the land ma* was won subdued, and the s~~cceeding 
sediments became normal sandstones and shales, interstratified with 



occasions1 ark- and cryst111 tuffs. Marine conditions perSrsM 
uninterruptedlp until the clam of h w e r  Cretnmns tima The 
final stages were marked by the deposition of a heavy linestone, 
now largely removed by erosion. 

The revolution at the dose of the Lower Cretaceous, ns in adjacent 
regions, was of a gentle clraracter. The strata inmlvecl were 
uplifted with but Slight deformation and without folding. After 
this upheaval Ih~m tnme long priorl of erosion ~ n d  planation. 
In the Matonusk~ repion, however, clinstropl~ic movements produced 
R tror~ph of fmh-wnter wdimentatjon in late Eocene time, and a 
thick series nf itrkows, shalw, and snndstonea, with nirmermrs coal 
beds wem laid down. The arkoses, mcurrieg probably nt the baw 
of the formation, indicate strong relief in the ~djacent land mnss at 
the beginning of Itenrli time. IInring the progress of wdimentation 
erosion of the Talkeetna aren continued and furnished the m~terial 
for the ICenai deposits. At the close of tho Eocene the strata wore 
uplifted and shnrply folded. Penepl~nation, however, mas far ad- 
vanced in the Tallre~tna nrca, wpecinlly on the flanks of the region. 
Broad rivers, whose beds were filled with iell-soundecl grareln, 
flowed over its surface. 

This period of quiescence was finally clomd, shortly afkr the 
folding of the Kenni, l ~ y  g e n t  outbur~t of volcanic activity. 
Drainage conditions warc destroyed, larns flooded the strcam cl~an- 
nels, nnd the fluviatila acc~imulations were buried to a depth of 
1,000 feet under a succession of basalt flows ant1 tuffs. While this 
extravasation of volcanic material occurred throughout the T~llieetna 
area an extensive series of diabase dikes and sills were injected into 
the Kenai strata of the Matnnuska basin, 

With the cewation of volcnnic activity n new cycle of erosion 
was hgun, initiating the modern history of tho region, 

GLACIATION. 

PRESENT OIACIATION. 

A considemble numbcr of glnciers still remriin in the higher portions 
of the Talkeetna Mountains (sce PI. 1, pock~t) , but all appenr to he 
rapidly receding. Chickaloon Creek and many of its tributnries are 
fed by glaciers at  their sources. Of the- Chickaloon Glncier, at the 
head of the stream of that name. is the largest, having a length of 9 
rniIes and a width of 2.000 feet at its terminal end. In general, 
however, the ice streams do not d m n d  far from the Irre~~llar n6v6 
fields occupying the higher wccsse~ of the range. SeverJ such m a w s  
lie on f l~e  Talkeetna sidc of the Chickaloon-TaEkeetna divide and 
discharge their waters into that strcam 

1 ~ C L B u l l .  3 2 7 4 7 4  
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Evidence is plentiful that the glaciers are rapidly retmtinp. 
LRteml morainic mnterial perched. 150 feet above thc sides of micka- 
loon Glacier indicates a recent dwindling in the size of that glacier. 
Some of the small glaciem no longer join thc trunk: ico stream, but 
have become independent glaciers, whose troughs ere clevatwl nhove 
the surfncp of the ~nnin gl~cier. (See PI. IV, D, p. 42.) After tho 
recession of the im a growth of moss encroaches on the canyon wnlls 
which confine the glaciers. Where m n t  retreat. has taken place rr 
consider~bl~ interval of bare wall intervenes between the present posi- 
tion nf tlie g1ncier-and i ts  former pmition, as indlcatcrl ljy the moss- 
g o w n  profiles on the rock wnlb. 
In atldition to the glaciers ~t the head af Chickaloon Creclc, tl. 

, 
small glacier occurs at  the h a d  of Kings Creek ant1 another at the 
hear1 of Little Susitntl River. Of tha glncicrs on thc ~011th side of 
Matanudm VaIleg, Mendenhall says : a 

Along the tulddle mume of the rlrer nevernl atnnlF ice Rtrealnn nre te I* 
scct~ ut thc hrr~tlrr of t31r rbnn;r.ona wlilcl~ fnrnnv tbr  southern vnlfey wall, llut 
the largmt ~111cier aP the vnlley !a tbc Yntllnnsku Qlnrler wltll n f r o n l n ~  of 
3 tulles nlong tlw rlver. The murw of thin ntrcnm cwu be trncd from the tot) 
of Glncler Polrlt for 26 or 30 milem to tlir ~nntbmat. 1 ta ~ource here IR prot~nltly 
In the ~lbvC wblch PolIowa the weut of ltw I:!~u~nc-lr ltnrlm to the ~ r ~ n t ,  nnrl g i v ~  
rlw to the vnrious gloclerm which flow dowrm to Prlnrr \V3111am Rnnnd on thc 
the muth t1nrE to the  Tnslhin t~ntl KlnZInn rlvem on Hir north. IVliIle Its 
east front !R burled under mornlne mhlch supportn a cnnnlderuble spruw forest. 
tlir wrat fmnt 1s clc11r of dfibrlsl to the edge. 11 n*~ll-rnnrlted mnltnl mornlnc 
cllvldps the ninln utr~um lnto two pnrh, rcpwwntln~ Irrtttscl~~~ 1vhlcI1 u n I t ~  
nenr t l ~ p  flourre. 1mnl mndlttonm of prec4plratlo11 rn~ l tro l l ln~  the rnte OF 
flow of t11w trlbutnrlm m n ~  to be ~1I~l1tlr t l l ff~rcnt.  wo tllnt t 2 l ~  wakm branett 
IR mnleffhnf 111are nct Ire tlinn the pnstprll onP. 

Wlthln 10 mllrrr or Its Rnurce the  S l n t ~ n u ~ k a  Rlvcr rwplvm tbe watem h m  
nuntlwr glnder. nmnllcr tllnn that j u ~ t  dewrltwd n0tl mow RC~~VPIS mtwntinpt. 
Its front b s ~  now Mwrlcd several nlllm tmni the r l r ~ r  nnA the drnlnlag ntrcn~u 
flowa tbrnl~jxb n mr~l -Rl l er l  vnllep wltb II v ~ r y  Illah m d l ~ n t .  

At  the !lend of l inik Riwr l i ~  the Knik Glacier, whoge width i s  

29 miles. It is not, much smaller than the hlabnuska Glacier. 
Knik GEncier forks a f ~ w  miles back from its tern~inal end, one fork 
extending castward nI>onl '10 or '35 mil-, prohbIp to tllc -me ice 
field t h ~ t  is dmined by the hllrtanaska Glacier. the other fork ex- 
tending southwestward. The latter fork aguin dividw. In i t ~  west- 
ern prong is a Iargc lake 5 mil- long rind 1 8  miles wide, whew 
waters are apparently impundcd by the extension of the laterrrl 
moraine of the astern prong a c m  the mouth of the trough of the 
western prong. &rp W P ~ T  wen flmtin~ in the lake. According 
to local m p r t  the hmaking of this mominnl darn wns the ~ I I F P  of thr 
disastrous f l d  which swept down Knik R i v ~ r  mme pmrs ago. 

--- - I 

*MentTenhmll. W. C, A remnoalssance Imm Rrmrrwtlnn Amy to Taannm Rlrcr. Aianka, 
In 1898: Twentieth Ahe Rept.  U. 8. Dmt. Survry. IRIIR-IW. pt. 7 .  p. 327. 



The h t  of Knik Ginci~r msts UPOII a gravel plain covered with 
well-rounded stwrpam wash. Irwgulnr heaps ~ n d  ridges of this gravel 
12 feet high Ijo in front of t h ~  ~ l n c i ~ r  for 400 feet. Pits and kettle 
holes 6 to 8 feet decp nrt! cornmorb. On thc mcstern side of the gIader 
an accumn~ation of lnrpc a n ~ ~ t l n r  hlorks of grnymacke and slute, con- 
stituting the clump of the sl~~erglacial material, foms a narrow 
peripheral mornint! n ~ a r l y  n nlilr long. In profile as e x p e c l  on its 
extreme w d e r n  cr lp  the glnri~r cnn kw .wen resting trpon bed rock, 
which here hrin?i tn rise ratllrr st~rply fmn~ under the ~ ~ a v e l  cover- 

n. 
ing of Knik V~l l ey .  Thp rtmcrnt history of the Knik Glacier, as inter- 
preted from the sbove fcnturw. s11on.s n r ~ c ~ s i o n  from n temporary 
arlvancc over the pnvc l  d c p s i l  of the vnllcy. 

PART ill,r\<'t.\TIOS- 

The existing gl'laciew nrcl the shrl~nkm remnants oaf a ystenz o f  ice 
streams wl~fcll hnd II vmstly grentcr ~ x t e n t  in the mcent past. At. the 
time of its rnnxim~rm rxpansion this miphtv s;v*ern inrlnded the 
enormous piedmont ~ lnc ier  a of the Coppr Rircr basin, and the trunk 
glaciers ocalpying M~tnnnskn, Knik, and Susitna valleys, which 
\rere probnbly mnflu~nt a t  thc hend of Coolr Inlct. 

During the occupancy of the lowlnnds by t h ~  p a t  ice streams, 
the Talkeetna Mot~ntains w ~ r c  sahjccted to severe alpine glaciation, 
to which thr r u g g c d t ~ ~  of the prcwnl tnpqnphy is largel?~ d r ~ ~ .  
(Sec PI. f V, C,  1). 43.) XII hig?.lrcr portions of the mnge t l ~ e  g1'1~ci~l 
smion hns often proceed~l to its n~ost, tlestr~rcti\le lengths. Knife- 
cdged divides ire nlinlcrous throtrfl~ont the region, and instnnm 
of the obliteration of divides and the malemnw of opposing cirque4 
arc f q t ~ e n t ,  All the existing glaciers occtrpy the heads of V-shape11 
troughs. The finest example of such troughs is that n F a n ~  thc uppr  
course of Talkectna Rivcr, mhicll is perfectly sqmight for 18 m i l ~ s .  

The former presenw af a m a t  glacier once filling Mntantiska Vu1- 
ley is indicated by abundant. evid~ncc. At the head of the 13lley 
the morainal ridges of the Copper River bnsin ellrTe round into 
3Iatanuskrr TTalley. An isolatprl h i l l  nlm~t 500 f ~ ~ t  high, proj~cting 
a h v e  thc lake-covered flat at the head of tha valley, shows an abrupt 
stms side towtrrd the Copper River basin. anrl n long, sn~ooth Im slope 
tomad Matannska Valley. Along the upper ~ I I M  of the vn1l~p 
on the flank of Sheep Mountain glacial gravels of vrtriotn exotic 
types arc fonnd et  an elevntion lF500 feet above the valley Aor)r. 
T h e  facts indicate that the ice of the southwestern partion of the 
Copper River basin drained into Matanuska Valley in a stream not 
IPS than lS00 feet thick. Pasing farther westward we find thnt 

*Mead~sball,  W. C.. G d m p  ot thc central Cagpr R i ~ e r  rc-gimn. Alaska ; I?aC. Pnpcr 
U. R, Gml. Survey No. 41. 1Mr5, p. 52. 
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the summit of the irruptive bow an the wmt side of Kings Creek 
is smoothed and glacially scored; and that between Eska and Granite 
creeks on the flanks of the valley a heavy lateral moraine, consisting 
of large a@ar bowlders of various granitic rocka, rests 2,400 fwt, 
above the river. Near tide water the; buttes in the middle of the 
gravel plain of Matanl~ska Valley are striated and strongly fluted on 
their summit, 700 feet high. 

This evidence is supplemented by that furnished by the phgsiog- 
mphy. A m~rked feature of Matanuska Valley, as seen from Knik 
Arm, is the appearance of triangular faceting cnt on the left w ~ l l  
of the valley. This feature is diie to the truncntiotl of the projecting 
ridges between the streams tributary to the main valley, whereby tho 
spurs have been replaced by steeply sloping pIanes with triangular 
outlines. T&s feature, it may be mentioned, has been develop~d in 
almost geometric perfection in the region of Turnagain A m  on Kenai 
Peninsula, but nowhere on the same large scde as in lower Mabnuska 
Vnlley. 

The evidence is equally strong that Knik Valley was formerly m u -  
pie.d by a large ice stream. Along its middle corrrse glaciated sur- 
f a m  are found 1,500 feet a b v e  the grave1 floor of the ralIey. A 
rninirni~m estimate is tllus fixed for the t h i c h m  of the gla-cier, 

On the Susitna side of the Talkeetna Mountains eTI-idence af gla- 
cial action Pven more pronounced than that on the eastern side is 
visible on every hnnd. The mountains aye bordered by a more or 
less irrogllnr bench several miles wide, approximating 2!5M feet 
in elevation. Its strrfhce is noticeably glaciated, roiinded hillocks, 
~moothed outcrops, gl~cial  dhhris, and numerous undrained $kes 
characterize its topqgraphy. Streams entering the Susitna pass a t  
the mountain bortlcrs t hmugh beautiful glacial U -shaped valleys, 
their smaller tributaries entering them valleys through sharply in- 
ciwd, vertical-waIlccl canyons, an evidence of recent cutting. The 
rim fmm this ibrotrd bench to the mountains eastwand, when com- 
pared with the gentle slope of the knch to the Susitna, is steep. 

It is probabfo that an ice sheet that occupied the; entire Snsitns 
Valley and was fed fmm the surro~lnding rnountxins oncr moved 
southwtlrd to Cdok Enlct. The trihntrlries fm the Talkeetna Moun- 
tains to Susitna Rivcr nl l  present clear evidence of having been occu- 
pied by ice streams. Glacinl El-shaped valleys and erratics occupy- 
i n g  positions no longer within the reach nf ice movements are traces 
of the mantle that mvemd much at least of the present drainage 
system. 

It is probable that nfter the recession of the huge ice mass occu- 
pying Susitna Valler glacial netion continued in thr smal l~r  streams 
for n considerable period, This is indicated by the fact that the gla- 
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cia1 Y-shapes on the western slop of the Talkeetna Mountains are 
considerably lower than the broad im-sculptured bench 2,500 feet 
high. 

PHY SEOGRAPHIC DEVELOPMENT. 

Tha region under dimission fnlk nnt~~mllg -into three physio- 
graphic proPinees: M~tanu~klra Vnlley, Tnlkeetnn Mauntnins, and 
Copper River basin. , 

MATANUBKA PALLEI'. 

Aceording to Mendenhill, MatnnnSa Vnlley is probably due to 
~imp'le erosian sohewhat modified by ice actionma In a subsequent 
report he has sugpsted that the southorn edge of the Copper River 
basin is probably a fault 01- ,r sharp flexur~.b The w e s t \ r d  pro- 
longation of  this fault would toincide with the southern mall of 
Matanuska Valley. Martin 0 remarlzs thnt the Matnnz~sh Valley 
suggests a '' graben " or sunken area within pas~llel fnul ts, but notes 
that this appearance may be due to the more resistant character of 
the rocks bounding the valley. The exnct m d a  of origin of M ~ t a -  
nuska Valley can not ~ e t  be r e g a d d  ~s &nMishherl. It is b e p n d  
questibn true, however, that if of tectonic origin the valley hna 
subsequently k n  largely modified by stream erosion. Tn proof of 
this is the fact that it the form of a normnl stram-mronght 
valley, narrow in its upper co~~rse  and b m d  in its lawer. From ta 
width of 1 mile tit the Copper River basin Matanusb Valley widens 
to 20 miles near Cook Inlet. Knik A m  appears to selwewnt a 
slight drowning of lower Matanuska Valley, from which the region 
is at  preseni recovering. 

There is some evidence availnble that recent movement hns tnken 
place dong the northern side of the valley. ,%long its upper courst! 
Sheep Moentain presents a steep, r u m  front facing the river. 
At the base of the ridge the strata nre shattered end an ~xtensivo 
disruption of the injected dikes has taken plrtce. Extensive alluvinl 
breccia cones spread out into the valley for a mile or more from the 
mouths of the ravines. The steep slope of t h e  cones (Go to 10") 
and their symmetrica1 development make them noteworthy fea t u r n  
of the topopphy. The formation of such detrital cones is held 
by workers in the Western Ptntes to be due to a sudden break in the 
stream profile at  the point of deposition, usually by recent faulting, 
r~ thcr  than to arid conditions, which was first invoked in their 
explanation. 

The present Matnnu~ka River occnpim a wide trench sunk into an 
olcl~r, broader valley avelwging 5 miles or more in width. The 

.Op, dt, p. 289. 
'3l-ndenbnll, W. C. Omlon~ or the wnttal C o p p r  River region, Aln8ka: Prot Paper 

U. R. Qmt. Purvey No. 41. l9fl5, p. $7. 
Op. c l t .  p. 17. 
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trenching of the old valley appeam to have begun in preglacial time, 
but was intempted by the glacial advnnw. The i e  occupancy 
~ffected mme erosion, notably on the sout,h side of Knik A m ,  but 
left pronounced irregdarities of d i ~ f  i n  t l l ~  floor of the vnlley, 
w~ch  ns Glacier Point and the bed-rock bosses st the morith nf the 
Matanuska. On the recession of the ice n heavy mantb of gravel 
was laid down. -4 succession of slight tlplift~; followed, nA exprewd 
in the finely terraced character of the afflirents of the Mntnnuska, 
nnd the streams began ta remove the grav~lfi from their channels and 
to deepen their trenches. The exwvation of the gravels hns h e n  
incomplete along the Matanuskn, where long stretches of strcnm 
bluffs consist of gravel banks. TI~esc fentures suggest that eithcr the 
preghcial drainage had begun to w i n g  in its course or that glaciul 
erosion has modified the vnP1cy floor, and that the irregular bd-roclc 
relief thus produced has been obliterated by the grtvcl  deposit^ ah- 
~ e q ~ ~ e n t l y  laid down. The former s~~ppwition is regarded as the more 
probable, and the great bend of the Matnnuslrn nppeam to be an 
incised meander inherited from tho prcgIncf a1 drainage. The prewn t 
averlouded tmndition of the Mutanl~ska js  d ~ ~ r  to the vigorous trench- 
ing of t l ~ c  deep glaciil grnvels at its headwaters. 

The internal stn~cture of the Talkeetna Mountains suggests, that 
t h y  belong to a prorince gedog icab  distinct from tha t  of the 
Chug~ch Mountains. TheJatter, ns shown by Schmder, Spencer, and 
oth~;, reprrsent a belt of intense rmstal shortening. In the Ta1- 
keetnn Mountains, however, the strntsr are mmpamtively undia- 
turbtl .  The yolmgeer rocks especially have lwcn hut gcntlp aff~ctml 
by omgenic rnovemcnts. The faulting is normal, implying a stretch- 
ing of the earth's crust. 
The early Tertiary history of the Talkeetntl area has already h n  

sketched. It mas shown that. coeval with the deeposition of the 
K ~ n n i ,  a peneplain of considerable perfection was deveIoped over the 
mdsn of the Talkeetnn Mountains. The older age limit of this 
pl~nation is fixed by the fnct that the surface is in part cut a c r m  a 
T~omer Cretaceous limestone. The lster limit is determined by the 
fact that the fluviatile conglomerates, mting upon the peneplain, 
a p w r  to represent the similar conglomerates murring nt the top of 
Kenni or in the Mntanusk~ basin. Amding to this view the con- 
plnrner~tes at  the top of the Kenai represent the period at the cloaa 
of lacitstsine conditions, and the conglomerates in the Talkeetna area 
nre the Atrvirttile nccurnulations of the rivers which transported the 
materials of the Kenai sediments. During the later stages of pcne- 
planation and the formation of the fluviatile conglomerates, tho land 



mam doubtless stood at  n lower level relative to the Ma, Some time 
after tho flooding of the region with basaltic lnvas, n domal uplift 
of the area was inaugurated, probably accompanied by faulting along 
the north side of Matnnuskn I'allep. Korth of Talkeetna River the 
old surfmce, b w i d  hpnentb the basalts, can be secri dipping gently 
northward. E a s t w ~ r d .  from an altitude of nbout 5200 feet, it 
appears to merp gmdunllp into the flnts of the Copper REwr hnsin 
at  3,000 feet. This arching clemandcd a stretching of thc earth's 
crust, and as a m u l t  the 1i~irner011s small dislocations of the bawment 
upon which the voletlnic~ rest mere produced. The domal charncter 
of the nplift is expresvd in the pneral radial drainage, the mnin 
strrnms flowing from the ccllrlt~r of tlrc r~gion. The shortness of the 
strenms tributary to the Mntnnuskn, in comparison with tho* flow- 
inp to the Susitnrl, appears to indicntc nn obquent origin for this 
portion of the drainage. 

Along the western Rank of the Tnlkeetna Mountains a broad 
bench wv~rnl  miles wide pamllcls Snsitnn River nt an altitude of 
 bout 2,500 fret. The snrfnce of this h n e h  hns bccn considerably 
lnocli f i ~ d  by glacial erosion, and a tnarnmillntetl topography has been 
impressed n p n  it but does not obscure its terrncc cl~nracter. Tribu- 
taries of the Snsitna hwre cut normal stream vglleys ncrosq it, mnny 
displaying marked evidentre af a position ,nut base-level in their 
rcccnt history by the intricnte and beautiful syst~ms of oxbows de- 
velopd nt an cl~vtttion of about 500 feet. Relom these stretches 
of oxbows the streams enter sharply incised canyons, whose small 
amount of recession indicrttes ihe comparative reccncp of tlm latest 
uplift of the wgion. I t  nppenrPl probabte that the shgc  of the 
oxbows wpre.wnts a halt in the e a t e r  upIifi which bas given the 
broad bench its present cleve t ~ r l  position. 

COPPER RlVER BASIN. 

The Copper Ri-r basin has k e n  discused in same detail by 
Mendenhall, who advaneetl the hypothesis, as one most consistent 
with the facts, that it is of tectonic origin, representing a depreswd 
area between tbc Alaska Range on the north arid the a u g a c h  f i n e  
on the so11th.a Thc relation of the Tallrectn~ Mo~lnhins  to the hnsin 
was not t l i s c u d .  C ~ r t ~ i n  facts in the region under considemtion 
appear to fnvar Mcndcnhall's hypothesis. 
On the ~vestcrn edge of the bnsjn, near the head of Matanuska 

Rirer, the hills ciw aat)ruptly from the plateau. Their s~~rnrnits form 
a gently rolling surfnce at an average altitl~dc of R,W feet and 
evidently constituto u remnant of the ancient pneplnin l~pon which, 

. 

Pmt. n p e r  U. R. Gaol. Survey So. 41, 1905, p, BB. 



40 UTANUSKA AND TALKEETKA B A S ~ S ,  &CASK& 

farther west, at an altitude of 5,900 feet, mere found t h e  river chan- 
nels buried beneath lava. These feat- strongly sugpt fadking 
along the base of the hills, the old plain being,broken off dong  this 
line and iki eastward extension buried beneath the glacial d6bris of 
the Copper River hasia Farther northwest, however: the Talkeeha 
Mountuins gradually merge into the lowlands of the Capper River 
basin-tl fact indicating, perhaps, that faulting g i w  way in this 
direction to  warping of the crust. 

AREAL DISTRIBUTIOM. 

Gal  outcrops have beebeen examined on Tsadaka, Eska, K i n g  and 
its tributeria, Chickaloon, Cod, Ricks, and Billy creeb, and the 
north fork of Nelchina  rive^; along the southern Bank of Anthracite 
Ridge ; and in the banks of Matanusha Rit-er, nbout 3 miles above 
the mouth of .Chickalmn Creek. Tn nddition, coat float has k n  
found close to its source on Glacier Creek, and as far north as the 
south fork of the Tymek. Goal has also been reparted from Little 
Susitna River, Willow Creek, the Kashwitna, and the Chunilna, 
and from a creek on the south side of the Matanuska, 9 miles above 
Coal Creek. 

The field work of 1906 extended the known area of Tertiary coal- 
bearing rocks approximately 18 miles up Chicknloon CreBk, though 
no outcrops of coal were observed. The discowry of an area of 
Mesozoic rocks in Matenuska Valley extends the field aIso in that 
direction, as is indicated on the map, though 8I.l the coal that outcrops 
north of Anthracite Ridge between Ricks and Boulder c m k s  is 
lignitic. 

So far as known the Tertiary coal-bearing rocks in the Mata- 
nuska cover an area of about 350 square miles. The known coal- 
baring rocks of Mesozoic age in the upper M~atanuska basin cot7er 
approximntely 500 square miles. The areal extent of the divisions is 
shown on the map (1'1.11, pocket), and the character of the beds has 
been described on page 25. The mapping of the mnl-bearing rocks 
must in no sense be taken to mean that areas so mapped are underlain 
by workable chi. So far as known the actual area underlain by coal 
from Moose Creek to Ricks Creek, inclusive, approximates 70 squnre 
miles, Localities where coal of comereial impartan* has been 
observed will be described. 
The area of coal-bearing mks a n  be subdivided from an economic 

standpoint into t h e  fields: 
1( 1) The Matanuska field, comprising the valley floor of Alatanuskska 

River west of the mouth of Ecks  C m k .  This field is underlain by a 



wries of Tertiary strata cnntaining biturnino~~s coals nf various 
€ P a =  

(2) The hnthmcite Ridgc field, forming a 
limited LWR along the sollthern Rnnk of the 
Talkeetna Mountaine betwwn Boulder ~ n d  I 
Hicks creeks. The coal here ia nn nnthrnritr, 
the a@ of mhicl~ hns not yet been determilled 2 
with cnrtninty. E 

(3)  The northenstern field, comprising thc 
nrea drained by the hendwntew of Matnr~u~kn e: 
River and the ~tIjnccnt rlrtrtls in ill(? Copper 5 

6 and Susitna drainapn. Thc CORI, which is of 
J~rramic rip, is pnernlly lipitic, but locnlly 
is semiantliracitic. E 

z 
MATAHUSKA FIELD. : z 

RXTEXT. 2 2 
*. e 

Thn nren of Tertiary conl.beprinp: racka .w9 
found in the Mntnnuskn baain i s  spproximntely & 
380 q u ~ r c  rnilcs, of whiclr 70 q i a r e  miks  are .; 

actr~ally underlain IT coal, smnling ta a most 3 
conservative wtirnatc. !.G L g 2 - - =  

m n m R E .  5 
5 u  The cml-bring rocks have n strike in p- s - 

em1 psrnllel to the enst~rlp twntl of Jia tanuska f 
Valley The dips arc vsrinble, with a ten- g : 

m g dency toward s t e p  anglw. 1Sast of Tsndakn I - 

.- 

bm 

.m 

Crwk, w h ~ w  the gorge of Jlnlnnt~skn nil-cr : .! 
exposes E volurnino~~s sueees.ion of mndrtones j 5 
 nil shalm, the strat a stand on edge. The fold- ? ' 
jng is o p n ,  nlthoud~ locrllp, as in the nntieiine 

$ 
on Chickaloon G m k ,  tI~a deformation mnp b 2 
quitt! shiharp. T h e  stmtn are n f f c d d  bp a T a w  
nnmber of faults of s m ~ l l  throw. One extea- g 
~ i v e  fault involving n pmbeble displacement. 5 
of scveml thousand fmt is inclicnted. mainly on $ 
physiographic evidenm. T h e  mnge of hills 5 
rising within Mitanuska Valley and extending 3 
in an east-west direction from IGngs to Tsada kn 5 
Creek w p r e n t s  an upheaved fault block. Re- * B tween Tsadaka and Eska creeks this  i.ange con- 
sistsofagreatmassofeonglomerate,1,000ft.et : 
thick, wilth R gentle dip  slop^ toward Mata- 
nuska River and a steep scarp toward the north (see fig 1 ) .  Duritlg the 



uplifting of this block, differenti~l movement ha9 taken place within 
it, producing a mries of nearly parallel faults, and the southern slope 
of the range descends to t h ~  l er~ l  of the valley hy a succe~ion of 
steplikeways. On the very brink of the northmad-facing wrp 
of the range the differential movement has produced .mall faul t  
troughs, within which lie small i n d d  lnkeleta (See PI. IV, A.) 
These features are shown with p t  cIaarness on the topographic 
map. The recognition of this fault i~ of yome economic importance, 
in that it indicates the Iimit of the avail~ble coal. 

DESCRIPTION OF TSIE COAL. 

The bituminous coal field of lower M~stanuska Valley may be 
divided into two districts, the eastern ant1 the western. Under the 
first may be included the coals of Kings and Ghickaloon creel- and 
those on both sides of Mntanuska River in the vicinity o f  Chickaloon 
Creek; under the second, the coals of Tsadaka and Eska crcelts. 

Martin reports in regard t~ the castern district : 
The con1 in tbls aren all pmemms nlmut the same ghyaicnl ch~meteristlca, 

and, as mill, be m n  by the nnnlyw~, the varlntlon In chemlenl rompositlon la 
not m a t  and supports thL grouping. It bns the ortllnary propertics of m o ~ t  
bltuminaua coal. I t  T R  soft nnd fragile, but oft011 wlihout any n*ell-fkPflncd 
planes of fracture. It burns with n short flnme nnd n ~ i n n l l  nmuunt nt Fcrnolie 
and possemes distlnd mlrlng properties. The searun gei~rmlly roninln n lnrge 
amonat of impurities, both In the form of thlck pnrtlnjia of ~ h n l e  nnd ns thin 
band8 of ~ h n l e  and bane. Many of tlhene mn h Rrpramtd In ml~tlng. The 
coal IB wit and frlable. and much of It will not stnnd RrvrrP hnndll~lg \1*1Fhout 
cruahlng. Pyrite iae pretient both ns  hall^ nad ea m l m ,  but not nbundent The 
friable cbaractm. of the ma1 is not n w e n t  d~tr l~nent  whcu I t  IA conwlderd thnt 
much of i t  will probnbly hnve to k crushed mncl ~ n ~ b e r l  (mpwlnlly for coke 
making). and that the corl wlwn n d  for n t ~ n t i ~  or I~mflr~g will r n k ~  ns RBon 

ms pat in the famace, m that there will conseqw~mtlg be llttlt? or no low thmugh 
tbh gmtee. 

.op. dt., p. 1s. 





The following sections were obtained by Martin on the ~011th side 
of the Matenuska near the mouih of Chiclrnlmn Creek : 

H&$on of G W I  bed8 OPE nou6A bank of Malannsta Rirrr. 3 mite# above f k e  mmrih 
of Chick~luon C r c ~ t  

Pt. in. Ft. In. 
Gray ~lhale ................................................... 10 

Coal.. ................................................... 
Bhale.. ..................................-.-............. !] 7 7  
a a l a  ................................................... 7 

Gray h a l e  with irongtone hand8 .............................. 42 
Goal.. ................................................... 
Rhale .................................................... 1 :} 7 
Coal ..................................................... 5 

Gray ~hnle. .  ................................................. 7 
h l  ..................................................... R 8 

8haIe.. ...................................................... 4 6 
Coal. .................................................... 
Shnle.. ............. ... .........................-......- f l 5  
Coal ..................................................... 5 8 

Bott p y  &ale.. ............................................. 
Conceded to river. 
8trlke N. 30° TS. (magnetic), dip J.IO SE. 

Rmrh  ma north bonk of Coral PreeA; ~ l ~ t ~ a t f o n .  I .  flJQ f ~ t .  

FL. In. Ft. in. 
............................................. h f t  dark shale-. 

Cmlb ................................................ 2 
Parting. 
I *  ................................................. 1 5  5 
h d s t o n s  ............................................... 2-6 
C o a I b  ................................................... 1 

Roft mhrtla+-. ................................................. 1 "  184- 
Strike N. 6 4 O  E, dip iOQ SE. 

Ft. 
.................................... Introaiae ~heet  md coke.. 

.................................................... Coke 5 
Inmeire sheet with coke. .  ................................... 
Shale. ....................................................... 

G o a l C  ................................................... 6 
Shale.. .................................................. 
Coal r ......*.....-...................................... 

.................................................... 6hde 
Coal .................................................... 

@oft shale floor. 
Strike and dip w ahre. 

In. Ft. In. 

12 
5 

14 
. 10 

8 7  
II 
0 

A section on Coal Greek, one-half mi10 rlbove the lower coal, shows 
coal about 6 feet thick, with a strike N. 60" E. and a clip of 55" K I T  

-. - 

Inclnded in #ample8 No*. 7 and B ; w aaalys~rr, p. FUI. 
' ~ncltided lo sarnplea Now, 9 nnd 10: see analyses, pp. &O, R2. 
Q Included In samples No#. 11 and 12 ; see analy~es, p. 00. 
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The following sections were measured on Chickaloon C m k  : 
CmwlPn#& ~cttlmr of cimf-hearing roch on ChirkaImn CreekL 

m. In. 
1, Wbnle with many thin Imn-ore hnndn ,,------.----- -------- - - -  lRcl 
2. ronl wlth mme b u e  nnd mhaFe (m M o w )  ----_----,-------- 5 4 
!I. Rhnk -------------------------------------+h---------,---.- 4 
4. Cnnl with mme shale (we below) ------,--,,,----,----------- 4 10 
5. Rt~r~ la  nnd sandstone (home) --------------------------,----,----- lo 
@I. Conl wltb some   hale (aee below) --+- - -------. - -------- - -  . 13 9 
7. Shnle and  nods stone----------------------^---- --..--_----,,- Xi 
R Coal, Impure and wmewhat mked ------------,---+------ - -  -- - 6 fl 
9. 3hule nnrl ~lnndstonr? -------- _------ _ ---. ---. .,,------.,-- 20 

10, lllmbnw #Ill with locnl amurnare nr nnturat m k ~  on tep- ---. _. --- - 11 
11. Crl111 rind mke wlth Cmpuritle~ in nn IrregnEnt rlfutortwi mtlrrrr-,. ,--. 15 
12. Clurir~nlM-------,-----.------------------~---------~~not over-- l M  
13. Rtinlr .---,,-,------,-,---,----+------------------ ----------, 

1 Cenl wltb snme ~ ' L l n l ~  .................-..................... 
16. Rtrl~le .2--.,,---_-------------------------.-------------~--- 
IG. ronl  with sotne shnle .,,---,------------,---+--------------- 

IT. Rbnle nnd mndstnne- ------. -. - A -  --- ---. - _--,----, . --. -- .,- , 
1R.  Cor~lwlti~tmnenndmhnle 
19. Rhnle ......................................................... 
20. O.ml ( ~ a r k  fmm I f t  8 in. to 3 It, 7 In.) ----  -------.------- 
21. Shnle a l t h  mmp ~n~lRatnnp. Iron 01% nnd volc~lnlr I>edfl, and n few 

thin bede of con1 ancl cake .---. . - - . - , - I - * - - - - . - - - I I ~ - - - - - -  1W) R 

#&inn n t  trmd of Chlhilnrm CserP, o n ~ h a i r  mllr  nbmm Wabm'n mnap, ehorr- 
frtg rlrfniln n f  brdn 2 In  B in  rondrnnrd ~ ~ r t l o n .  

FI. in. FI. la. 
Rlnck bsle  .................................................... 1 8  

-1 ....................................................... 
Cad, h n g . - .  .............................................. 
Phnlc ...................................................... 
Coal ....................--.....--.............-..-......... 
Fhalc, black ................................................ 
Coal ....................................................... 

& n i m l d  ...................-................................. 1 
ehale .......................................................... 3 8 

r&4 1 ....................................................... 
Shdp. ....................*...........*..**....*........... 
Ctml. .....................................-.....--.*....... j 4 1. 
Rhn1e.. li .................................................... 
( h n l  ....................................................... ? 3 

................................... Phnln nlld mndrtono (how) .  10 
....................................................... Coal 

Rlinltr, with o o ~ l  ~trlnfwm .................................. r 
Cnrrl ....................................................... 
Hhnlr ..................................................... 
CrmI ...................................................... 



In additmion to the &ions rnmwred by Martin on ChickaIoon 
Crsek the following measumments we= made in the tunnels opened 
at Tlr~tson's camp (fig. 2).  

The sxtions arc from the facp o u t w ~ t d  : the thicknesses are recalcn- 
lated for dip. The chrnpe in dirwtiom of dip which is evident 
&tween tnnnel D and those farther e ~ s t  (C, 3, 2; R, and A) may 
~ i b l y  be explained by thc pwwnce of an anticlintlf axis that paws 
westwad horn  the anticlinnl fold n t  tunnrl No. 1, or pmiblp by 
irrrplarities in M s  wprcscntin~ the s o i ~ t  h sitln of such an anticlin~. 

It hss k e n  difficult to correlr~te tlln wvernl beds within these tun- 
neb b u s  of striking irrogulnritiw in thrir thicknmq. 'RIP bnd 16 
feet i inches thick in tunnel A is andoulttcdly the same as the bed 
17 feet 3 inches thick in tunncl B, 

u 

A drift from tunnel I3 has hwn run to tnnnel 2, which corwlntea 
the outermost seams of tlinncl R with those at the face in tunnel 2. 
The appnmnt lack of contin~~ity in s nurnhr of tho smallcr aermrr 

in these t~lnnels may I l e  explnin~d cither by local pinching o t ~ t  or 
by faults of small thrnm. The ~ r k s  in the ncar vicinity arc closely 
folded, and faulting, with the ndded difictllties of mining which it 
incurs, should ke e ~ p c t e d .  

Pr fn. Pt In. 
Cnal ........................... ... ..................... 
Bone and ml.. .......................................... :] 16 7 
Caal ..................................................... 14 8 

W e  .........,.................................... .......... 12 
Coal.. ................*......-.........*....**......*.... 
Bone and shale.. ................ : ........................ 
Coal* ................................................... 

Shale ........................................................ 12 
Coal ................................................ 3 

Ghnlo and &stone .......................................... 77 
Btrike h'. ?OO W., dip Go. 
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Section in tunnel B .  Chtckaloon Creek . 

Shale ........................................................ 
Coal ..................................................... 
Bone .................................................... 
Coal .................................................... 

................................................... Sandstone 
Coal ..................................................... 

.................................................... Bone 
Coal ..................................................... 
Streak of bone .......................................... 
Coal ..................................................... 

Sandstone ................................................... 
Shaly coal ............................................... 

Sandstone 
................................................ Bony coal 

Sandstone ................................................... 
Coal, with streaks of bone ................................ 

Sandstone .................................................. 
Coal ..................................................... 

Sandstone ................................................... 
Crusted shaly coal ........................................ 
Coal ..................................................... 

.................................................... Bone 
Shale ........................................................ 

Coal ..................................................... 
Bone .................................................... 
Coal ................... .... ........................... 

Sheared shale ................................................ 
Coal ..................................................... 
Bone ..... : ............. ................................ 

Sandstoneandshale .......................................... 
Strike N . 75' W., dip 76' S . 

Section in tunnel No . 2. Chickaloon Creek . 
Coal ..................................................... 

.................................................... Bone 
Coal ................................ I ..-................. 

.............................................. Bony coal 
Coal ..................................................... 
Bonycoal ......................>......................... 

.................................................... Shale 
Coal and bone mixed ..................................... 
Coal .................................................... 

.................................................... Bone 
Coal ..................................................... 

Shale ........................................................ 
Coalandbone ........................................... 
Coal ...................................................... 

Shale and sandstone .......................................... 

Ft . in . Ft . in. 
7 8  

l 1  6 .  

5 9  

1 1 7 3  

4 . 1 0  
1 0 8  

7  
1 6  
2 5  
1 1  
4  

1 3 1  
2 4  
9 5  

: 6 ]  7 6  
1  
6 

4  2  5 1  



C h I  ..................................................... 
Bone .................................................... 
Cod.. ................................................... 
Shale.. ...............................-.................. 
Cnet ..................................................... 

&ale. ........................*.............................. 
Coal. .................................................. 

............................................... Bang ml 
Coal ........................... : ......................... 

Bandstone and mhals.. ....................................... 
h l  ..................---.-...-...-...-....--...-..-..... 
Bone .................................................... 
Coal.. ....*...............--..-.-.................-...... 
Shale .................................................... 
Coal .......................-....-..-..........-.......... 

.......................................... 8aoaPtone and ehale 

Ft. So. Ft. In. 

Ifl 

1 11 
45 
2 

1 
10 

20 

coal  .......-.*.-.............................--...... ... 2 
Rhalaand coal .......................................... 2 } 

hndntone and M e . .  ....................................... 41 

Ft In, 
Cm~lrcri conl- - - - - - - - - - - - - - - . - - - , - - . . - - - ._-_- - . - - . - - - . , - . , - - , . - - ,  2 fi 

Sand~tone irml s t tn le - - - - - - - - - - - - - - . - ,  --+--.--.-...--L--------.------ 40 7 
Crunl~erl t-on! -L--------L----.--,-..,---,L--.-----.--.---,--.,.--- 2 a 

!3mdsto11e nnd whnle ----- ----- --- ---- - - - -  - - ---- ---. -- -. - --  -- --  - -  - ---. - 11: 
Dip 4Ga N. 

w ..................................................... 
Bone .................................................... 
cum!. .................................................... 
Bone .................................................... 
Gnal...... ............................................... 
Cmehd slide and cml ................................... 
coal *..........--........................................ 

Sandstone and @hale.- ..........................--............ 

On Kings Creek, i;t miles R~MWP its j~mction with the hfatan~~ska, 
coal seams are cut by the creek. They were me~surecl on h t h  a i d e  
by Martin and the writers. 
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Section in tun?IeI on east bank of h7ifzgs Creek, 100 yards above upper bridge. 

Sectiwn i+a open cut, 10 feet south o f  last opening. 

Ft. in. Ft. in. 
Dense, impure coke. ...................................... 5 5 

................................................. Bony shale.. 1 
Coal ..................................................... 1 

Ft. in. 
Coal (no  cover)-----------_---------------------^- 3 
Shale - - - - - - - - - - - - - - - , - - - - - - - - - - - - - - - - - - - - - - - - -  2 
Coal - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  1 2 
Soft impure coal ------_-----_--_--_-------------- 1 - - - - - -  2 
Coal 1 8 
Shale _ ~ ~ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - ~ - - - - -  3 
Coal - - - _ - - - - - _ - - _ - - - - - - - - - - - - - - - - - - - - - - - - - - -  3 
Shale and c o a l - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  7 
Coal _ - - _ - _ _ - - _ _ _ - - - - - - - - - - - - - - - - - - - - - - - - - - - -  2 8 

Hard shale floor. 

9 11 
Section uil Kings Creek at the upper bridge, west side. 

Shale. ................................................... 1 
Coal.. ......... ?. ........................................ 8 
Bone .................................................... 1-  
Coal .................................................... 1 2 
Bony coal.. .............................................. 9 
Coal ...................................................... 2 6, 

Bone and coal. ........................................... 
Clean coal.. ............................................. 

Shale.. ...................................................... 
Concealed short distance. 
Crushed coal with lenses of bone .......................... 

Shale.. ...................................................... 
...... Sandy shale.. ......................................... : 

6 3 

Coal .................................................... 
Bone .................................................... 

Hard shale. 

Coal. ................................................... 
........................................... Coalandbone 

Coal ................................................... 
Bone .................................................... 
Coal ..................................................... 

Strike N. 42' W. (magnetic), dip 42' NE. 

Ft. in. Ft. in. 

Except the upper 2 feet 2 inches of coal, the section corresponds to 
that of Martin. 

A short distance upstream from the exposure on the east side the 
sandstone beds are considerably disturbed. Folding or faulting, or 
possibly both, have occurred. 



T h e  writers wew not able to visit tile msl on ~ ~ O I I I I ~  Creek. MRF- 
tin SRYS: , 

Thp m1 on Yoana C m k  In n t  I n t e r n ~ d l a t ~  chnrocter hetwm that on Kinm 
and Ublclmlmn c w k a  nnd m t l ~  of the J In t~ t t t l~kn  snrl thrrt In t b  wmt entl 01 
thp field on Enkn nnrl Tandnkn r m k s .  I t  14 rqmrt&! tlmt orlp or nlnm menilas of 
worknt~lc thlcknma haw tmn Irrund. hut the fullnwlng Ss all that wna Rwn by 
the wrl ter : 

Ft 118. PL In. 
Bhnlc ---, -, ,-.. ---- - - - -  --  -. - -- - - . - - . . - - . - - - . - . - - - + . - - - . 10 
Snn(1~tonp - - - - - -- - - - -- - - -. - - - . - - - - - - - - - - - - - - - - - - - - - + - - - -- 2 
81111le -,,, - .-. , -_ -- - - .- . . - - - - -. . - --  - - -  .- . - --  4 
n ....................-......--.......-....... I 
Shttl*? ----------------..-- - .--- - - - - - - - - - - - - - -  4 

Conla --.-. .-- 1 1 
Rhale --.----.- ------,--------- 16 

(IlonF B a 
........................... BhnIe wltti nnnli~tnne hr~e~rlu--. 15 

Randstnnr--,- ,-- .----- .------+--.- .- .--------------------  I 
Bl~n l r  --------------,-,- ---,- 10 

Htrlke N. ISe E. [m~m*nrtlr), dl11 3)" Sn'. 

TIIP con1 of whnt h~fi  Imn tcrm~d thc. western districtthat 
occurring on ' r s ~ d ~ k n  nnd Eskn crwks-is n I-ritaminous coal of Inw 
graklt. It9 phgsir~1 praprties nre much the sume as those of the 
conla ft~rtl- lpr cast. - Mmt of i t  i~ bright ~lnd bard, though dull, shaly 
bonds nru! tmrncrons. On E ~ k n  Creck the following sections were 
rncasurcd : 4, 

Ft. In. Ft. In 
8 h 4 l ~  and sandutone .......................................... 10 

C o a l b  ................-.-..-.....--..-.--................ 
Phalr ................................................... 
Cosl b ................................................... 
Fhalc.. ................................................. 
Con1,lmny ............................................... 7 Rb 
Phrlc .................................................... 
Crml, h n y  ............................................... 1 
Fbnle.. ...................... ... ...............-........ 
COB l with anm a hats and brine.. ..... .: ................... 

Shale., ...................................................... 6 
h a l y  shale .................................................. 2 

StrElic 5. 30' E. (n~apnctlc). dllm 4-1" SW, 
--- - - ---.- -- - - - - - -  . .- - - 

a IaOodrd In mmplt Yo. I T :  rre mutly~lr. p. (tn. 

' 1 n ~ l u d d  ID ~ i t m p l ~  Sr l .  1 W  ; IICT ~uI I~M.  pp. 1iO. 82. 

l ~ l u l l .  3 2 7 4 7 4  
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Section on west bank of Eska Creek. about 300 feet further up . 

Shale roof . Ft . in . 
............................................................. Coal0 3 3  

Shale ............................................................... 3 
............................ ............................ Coal .. 11 

Shale ........................................................ 5 
Coal ......................... ... 6 ............................ 
Shale :- ....................................... 6 ...................... 
Coal ................................................................ 4 
Shale ........................ --. 1 ............................. 
Coal. .- ................................. 9 ..................... 

Soft black shale . 
Dip NW . 7 0 

Section on Eska Creek. about 600 feet above lower section . 
Shale and sandstone . m. Ft . in . 

.......................... .............................. Coal 2 6  
.......................................................... Dirty coal 1+ 

Dip 32" SE . 
Section in bluff on west batrk o f  E3ka Creek; elevation. 1.  090 feet . 

Sandstone .................................................... 15 
.......................... Coal .. .................. 2 2 

Shale ........................................................ 15 
Coal .. 3 3 .......................... .................. 
........................ ...................... Shale - 3 

Coal ..................................................... 3 3 
Concretionary shale .......................................... 6 
Blackshale .................................................. 5 
Coaly shale , ............................................... 1 . 

.............................................. Coal, shaly 6 
.................................................... Coal 9 

Shale with some coal- .................................... 8 
.................................................... Coal 2 1 
.................................................... Shale 1 j 11 
.................................................... Coal 1 4 

Shale .................................................. 1 
.....................-....... . . . . . .  Coal .... - 1 

Shale ............................................... 2 
.................................................... Coal 1 ' 

Shale ........................................................ 12 
.................................................... Coal 1 
.................................................... Shale 2 \ 4  
..................................................... Coal 1 J 

Shale ........................................................ 
Strike N . 40" W . (magnetic), dip 40' SW . 
A fault cuts the bluff in which this section was measured . The 

coal was measured above i t  . Below i t  the strike is northeast and dip 
southeast . 

a Included in sample No . 19; sce analyses, pp . 60, 62 . 



On Tsadaka Crwk a section near the upper end of the gorge ~t an 
elevation of 700 fert shom~d the folIowing: 

Bectbn of ooal nwr nppFr end of Tgadaka Creek gorge: clmolfo~a, 700 feet. 

Ft. In. Ft. in. 
Rdle  bltiet mhde.. ......................................... 1 
Cmbnnaceoua 8hale.-. ........................................ 6 

A b u t  100 yarda below the upper cabin the following section was 
exposed : 

Beclfon 100 vads (reiqrc tippcr tabtn. Tsndakm C R P ~ .  

Pt, In. Pt, la. 
Coal ....**................................................. 4 1 
Dirt.. ....................................................... 
Coal ........................................................ 1 
Dirt ......................................................... 
Cod ........................................................ 
C d  ...............-.--....--........-.....-................ 
fihale flwr. 

6) 

The seam strikes N. SO0 E. n~lrl  dip^ 45' N. A strike fault dip- 
ping SO0 S. can h seen crnswi~lg thc bed, \vi th n t E l m  of a h u t  ti fwt.. 
~ l n  eighth of a mile downstream from this esposure a sharp syndine 
crosses the creek, with axis striking u h r t  S. 70" 15. and pitching 
steeply to the west. 

A short distnnce farther dnwnstrealm mu1 Iwds are exposed, strik- 
ing N. 70° E. and dipping 60" 3. At this locality the following 
section waa measured : 

Rectdon oncedghth af a ntik k k t e  tipper cabin, T~adnkcs Cvrek. 

Bhale and smndstow m f :  F1. in. Ft. in. 
Dirty coal ............................................... 7 7 

Wale ........................................................ 3 3 
Ganttatone nodnlea ........................................... 1 1 

haone and COQ~ .......................................... 
Bone. ................................................... 
Coal .......................... ,.. ..................... 



Ft. in. Ft In. 
Bowand shale ............................................... 3 3 

Coal ...........................--............. .\. .*...... 
Bone .................................................... 

.................................................... coal 51 
Shale ....................................................... 1 1 
Shale and eandstone ........................................... 3 6 3 6 

Coal.. ................................................... 8 8 
shale ........................................................ 1 1 
Ehale and sandstone .......................................... 3 4 3 4 

Coal .................................................... 8 8 
Shaleand bone ............................................... 1 6 
Shale ........................................................ 25f 

Clear coal -........--..................................... 3 6 3 0 
Blide: 

Coal.. ................................................... 8 8 

Up Tadaka Creek and along the ridge on its southern side sand- 
s tone~ map br observed dipping southeast, which is a direction 
opposite to that of the beds just demihed. Still farther east con- 
glomerate beds dip to- the southwest. These conglomerate beds seem 
t o  owe their elevated position to a series af block faults passing in a 
general northeast and southwest d i d i o n ,  and the Tsadaka Creek 
coal is probably cut off to the east. It seem probable that Eska 
Creek coal is separated by these faults f x m  that of Tsadakrt Creek. 

It will Ix noted that faulting or folding i s  present at nearly all the 
localjties above descrihd. Such conditions will make the cost of 
mining higher than it would be if the beds were less disturbed. 

ANTHRACITE RIDGE FIELD. 

The most promising exposures of anthracite examined during the 
season were seen along the southern flank of Anthracih Ridge, be- 
tween Boulder and Hicks creeks. The p l o g y  of this locality is 
somewhat complex. The western extremity of the r idg  is formed 
by a luge mass of augite dacite and brown porphyry. This latter 
appears to be intrusive into a series of interstratified sandstones and 
shales striking N. 35" E. (magnetic) and dipping vertically. Asso- 
dated with them is a large accumulation of andesitic amygiialoids 
and pyvrmlastics, of somewhat chloritixed aspect. At the bass of the 
ridge along the trail, however, cross-bedded gritty sandstones, ap- 
parently Monging to the Kenai formation, am exposed, striking N. 
78" E. and dipping 15" S. Some sills of coarse ophitic diabase, 
50 feet and more in thickness, are intercalated between them. These 
observations indicate that the western extremity of the ridge is 
rnarIred by a line of fa~~lt jng along i h  base. And as marine fossils 
of Mesozoic age have been found on Anthracite Ridge, it has been 



rmmd by Martin that nn eastward extension of this fault deter- 
mines the boundary between the Kenai and the Mesozoic rocks. 
Martin obtained a fern fragmentary fosils. pnrtl?? from the s ~ m m i t  
and partly from an elevation of 8,450 feet on the southern flank of 
the ridge. These indicnt~d n horizon as low as thc MiridEe J u r a ~ i c  
or RS high as Upper C~PZRWOII~.  From the nortl~ern f l ~ ~ l l t  thr writer 
obtained a single form, concerning which Stanton rcports: " l m c m ~  
mus cf. J71~ifer Eichwalcl. This s p e c i ~ ~  occuss in t h ~  lowcrzt part. of 
tho Enochkin formation (MitIdl(b ,111rnssic) a t  Snug H~rlmr.*' It is 
thus plain €ram the faunal nnd lithologic evidence that lower Mid- 
dlo Jurassic rocks are present on Antlin~cite Ridge, especially in the 
western end ns approached from the Uoulrler Creek side. 

Farther east. along the nnmerons sn~nEl rt-wlrs which rim on 
Anthracite Ridm, it is found that the dip of the strnta, which ia 
nearIg I~orixonti~l in the floor of the vrlley. p t l ~ t n l l y  stcepens ns the 
fl anlr of the ridge is nppmchd.  The beds k o m c  folded into nnt.i- 
clines and spe l inw,  which are more clmely crnn?dctl tnpther toward 
the summit of the r i d ~ .  h e a l l y  the limbs of the allticlines ham 
Imn doubled together. Thick sills of coarsely crystnll  in^ diabns  nro 
prevalent, especially along thr! middle portion of the ridge, nntl heavy 
dilrcs, attaining a rnaxitrlr~rn thickness of 500 fwi, otlt across the 
strata. Th&r energetic cant~ct  tlction in baking the ndjoining shales 
hrs already been ref~rred to. Morco~cr, their p-ewncr worn9 to be 
favorable to the anthracitic chnsactes of the coal. On n cmclr n. few 
mil- east of Purinton Creek. at an nltitllrle of 3,100 feetr, thc str~nm 
banks show n 50-foot sill of dinhw, n h u t  10 feet strntigr.rnpl~icnIly 
sbovo n con1 bed. The andstone btwwn the coal and the clinbnsm, 
tho~~gh elsewhere yellow, is black wit11 rnnt~rial coating the cement 
between the qaartx p i n s  and in wme placcs wen invading the grnins 
thernr;elr~e% This w ~ ~ p ~ t s  nn impregnat ion of the sandstone during 
the distillation of thc ma1 by the llent of the intn~sive. The con1 of 
this exposure i s  R  fin^ h~s tro~s  nnthmcitc, IIigher Irp the same creek, 
near thc summit of the ridge, a numhr of con1 b r l s  of bitnminouis 
character are exprnd.4 No dinbase intn~sivpc; nrr! prewn t in the im- 
mediate vicinity, hut: folding of a closely apppesvd character has 
affected the stmta. 
In the roof of an anthracite lwd exposed in a c m k  mm~what west 

of Purinton Creek a few frngments of netted-veined lcavca were 
found. R~lowltm report3 cm t.hwc as follows : " G A. R. 244 M n b -  
noska, Vnlley. d l ~ q l n n ~  niyel l t l  Heer, no margin p~~wrvpd. Tt. 
loolrs like a Kenai dimtyIdon, and not like any Cretareot~s spwies 
known to me." 

-See naalyrlu No. 23, p, 132. 
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The ePidenoe from t h m  plnnt remains shows, then, that at least 
this portion of the anthracite is probably of Kenai a@, nnd that it 
does not occur in rockq of Middle Jnmssic ago, which are known from 
thpir marine faunn to be pnlsent in closn vicinity nntl p&ihlY to h 
infolded to some extent with the'lanni rocks, nr irreplarly faulted 
apinst  them, 

Fwnl a considemtion of tho strncturnl and flora1 ~pvidence it 
appenrrc to tho writer that tho ma1 of this f i ~ l d  is chiefly of Kenai 
a p .  nnd that its ntlfht~lrif ic chnr~ckr  is ( I z I ~ ~  fn the l ~ r p  amount of 
h e ~ t  ftzrnished by the musun1 ly nbundant (Einbam intrusions. The 
~hthmcite Ridge field mpw-wnts, nccorrling to tbia view, n portion 
nf the Tertiary coal-luaring area whirh hn3 Ewn niorc highly t~ffrrtcd 
by the heat of eruptive rocks. The amo~int of unthrncitc nppenm 
to hr, limited, ant1 wil l  not mnrtlmnt nn rxtensire 011dl~y of r ~ l ~ i t a l  
for its exploitation. In addition, the cornplrx fold in^ nf the strata 
nnd tho pwsence of mawivt? dinbaw injections will wrio~zslp increkw 
the dificultiw of mining. 

Nmrtin has de.:riM the coal as fo1lows: 
l'l~ln crwtl ltna the  o m l l n n ~  phppFmE rharactw4ntIrn of rnolrt gDad mi11 nf thIs 

klotl. I t  la brnvj., firn~. hnrR, and not much tra.ctriwd ror uurI~rr  mnl. nnd l l ~ a  
n Illah Itmt~r. P$rjtr ann noticed. Tbe wrnm art? not murh brnken hy m n l l  
p n r l h p  nt ~halm nail hnr.  

Two scctions were measured by Martin: O n e  at an ele~ntion of 
3,410 fwt on the wuth bank of Purinton Creek s l ~ o w d  3R fwt of 
clenn, solid m1, Imth rmf and flmr k i n g  concealed (see analysis 
So. 1, pp. GO, tj2, which r e p m n t . ~  the entirc thicknes as measured). 
Mnrt,.trn S R ~  : 

A t  t b l ~  flOFnt the ntrlkrr Is N. 443' E. (mrnetlc) end the dlp le TO' m.. or 
Into thc mnuntnln. Thr nwkn In the vlclnlty nm rVilelly mvwacke anrl W d -  
&tone nntl R~IOW rr~nnlilrrnt~lr rnrl~illnn ut strike and d!p. h sbnrt dlstanrv 
t 2 o ~ o ~ h n n r  Is n ~ m l - s l m l  nlam of illnbnRe m p p l n ~  the axis of an anticlSne. 
wblrtr IR In otbw [rl~~rr?l resdrlrtprl liy n I~ul t .  Tllc nntl~radte ki pmhnbb re 
strtvrecl to n tune nllliia tl~c Ijrcv? nnrl In thc mountalnm w h k h  Is cut off frPm 
the rlll:ry plntm~u hg r! fni~lt followli~g the l ~ n w  of tl~r? Inountniorr. Bln& strwks 
thnt nre prollfibly wnl cv~ultl lw RWII 11Igli :lip P?I 1 1 ~ ~  fnce  of tlle monntaln nnrl 
muld he follower1 hy the s p  fur u ~ v r n l l  m l l ~ u .  * 

i2bont n mile nert henst of tlia Iocnlity nhove described, a t  an eleva- 
tion of 3,QIiO feet, a coal section gave the following rneusurements: 



K&*nr of coal on atope of Talkeatnu YomtaCplsCpls 

F l a m  s~ndatont!. ~ t .  PI. 
Coal nnd shale ---------,---------=.,,.,-. ,,--------------+--- 8 
C~nl,,,-,--------------.--------------------~.-------------- TI lo 

Sbnle ,,--------------------------1--------------L---------------- 
4 

Cwtl -,-,-,-,,,,-----------+----------<-**-------------- 1 1 
Sble  ,---.,,.,,,-,----,-------------.,.,,------------------ B 

Coal -----,------------------------- - - - - - ~ - - +  2 ' 2 
Shale -- - - - - , . -, . ------ -- - - - -- - ----------- ------ 2 

Conl-------,,,,,,--------------------+------,-,----+--------- 7 T 
- 

$tPikc! N. 60" E. (rnagn~tlrl, dip .%Y SE. 29 

Of the extent of this field Martin says : 
The a m  of nntbmette m a  not mtlmated hy the mltpr, nnd tbe r u n O W t  

aralfnble t o t  muomkc n~lnlng nrrd shtprnent may wsulhly rmt he ~iofficknt to 
j n a t l f ~  the n-aFg ~xp~nr l l tnm.  

In addition to the scctiana of coal meamred by G. C. Martin on 
Anthracite Ridge, the following sections were obtained somewhat 
farther east : 

~ t .  in. 
Dlnlr~iw -,,-,-,----~---------------h-------,---.------------L----, rglk 
Bnodstone awl  H P ~ : I ~ P - - - - - - - - - - - - - - - - - - = ~ - - - + - - - - - - - - - - - - - - - -  102 
Con1 and shnlr----,_-----------._-,---,,.,,.,,,,---,--------,-,-, fi 

~anl--------------_-_---------,-------.-,------------------~- 2 
Shatc.,.,,_---,-_---------------------+--------L------------ 1 
~al.-.,-,.,-.--_-----1--.----------,,-,,,,,--,,-_____-------2- 10 

Shale----- 2 
i4andstou~+----.,,---.--_--_--_--.--__-------_---.+------------- 7 

Strike N. TOo \V. rnngn~ti~) ,  clip 40" R. 

Rrrlk-n of mnl orr A n l k r n ~ i 1 ~  Ridge, nltItrrda 8.600 f&. 
Bnndgtone. FL In. 

Coal-------,--,,-,,.,-,--------_-----.--------+-_-.,,,,-,,--,-_ 2 8 
Con1 n ~ d  RLILIJCE .--,+--,----- 4 

6 
Con1 and ierrt~lno~tn c~lny--. . -------- .,---- -.,,, ---,,--- 2 
aoals--_--------_-*-,_**---L--.---------------------,---*+---- 10 

rr 
--.--.-------------l---------*d,-- 4 

ShnIe----------,--------.-------- ,-,,, 12 
Coat --.------------------...--,,------L----------------,,,..--- 1 3 

Shnle,,------------------------ --..-,,---+----------,------------*-- 5 
d t n e -  1 
s ~ ~ ~ - - - - , - - - - - - - - - - - - - - - - - - - - - - - - ~ - - ~ - -  1 n 
Cloy Ironutone ndnl~-----------------+----------------------------- (E 

Shale,,,,-.,,--,L--_--.----------------A--------------- 1 r; 
. - --- 

a Bre ihnol~la So. 3 In tablr of uttlmntp unalys~s, p. a 1  



Ft. Is. 
Clay Imnmne ~ U ~ W I  -= - - - - - * - - - - - - - - - - - - - - - - - - - - - - - - -  .- ------------ 6 
IIlgbl.~ r~ r lmnamus  ~ h a l c  . - -  . --.+------ 5 

corl-----,---,-,---+------- 1 5 
Bhnl~- . - -~- , . - - - - - - - -*- - - - -=- - - - - - - -  ----  ... ,+,,.---, 4 
S~sd~to~~r - -~ - . - - - - - - - - - -+ - - - - - . . - - - - , . ,  -.-,.-- -- - - -  --,.-----.-,-, 4 
Rh~alr--+-----,---+-,---.-,,-.----------+-..,-----., 1% 

0 + -  . ,--.- - - - - -  ------- 10 
R11~1e , - , - - - - - , , , , , - - - - - - - - - - - - - - - - . - - - - . . . - - - - r -  - - - - - - -  .---, 4 

C0lll --,-,---,-------.-------------- -,-._----- 2 2 
Male --,-,---,-,,-----------.----- ---- --...-- ---. + - .  .--,, - 4 

c ~ n l - , _ - - , - - - - - - - - - - - - - - * . = - . . ~ . ~ - . - - - - -  .+.--,----- Ir, 
Rhn1~- - . - - - - - - - - - - - . - - . - - - - - - - -+ - - . - - - - - - . - - -  2 8 
Con! and R ~ I ~ H I ~ P  - --.- - - - -  - - - - -  --, CI 
Shale fuot \vnll, 

Strlkc N. me Mil. ( ~ n n g ~ ~ ~ t l r ) ,  dlp 34' R. 

A syncline of coal R f ~ e t  thick, rut off hg a heavy dia'bnse dilre, is 
expoad din  n srnsIl rwclc we~lt of Pr~rinlan Cwek (as shown in fig. 3).  

I 'v d IWlwt 

Fm. 3-rrnw H r t l o n  nlmrlmg relmllon of nathmdte to Intrwtrc 1 3 h h . n ~  s n r  Purhtnn 
k t .  

HORTHE ASTERN PTELD. 

The ml-lwlcrtring mkfi of this f i~ ld  includr! an awn of nlm~~t  5 0  
quare miles. Conl i s  fmnJ nt vnriot~s loclllities, bnt npwr in thick 
beds, the lwst d i w n v ~ ~ ~ c l  hnvjng o thickness of 3 fwt, 3 h a  rocks 
nro of 1T~1rnsic apr nnrF from foqsil cridenr~ ~ r c  d i v i d d  into n' Mid- 
dle and nn Upper J t ~ r l r ~ ~ i c  wrie.<. The chnrrctet of the coal appnm 
in a gen~rnl way to Iw in umordanw wit11 th in  sepmrtttior~. i. P., the 
older mcks carry bituminous ma], and the younpr, con1 of a l i p i  t ic 
chnmctclr. 

The hfiddla durnmic mh gcnerallp am sev~rely shattcmd and 
crushed, or .qherrrwI nnd slirkcnsidet~~ and as 11 n~le  present a decid- 
edly l~nfarorable appcumnce for the prespnce of worlrnlrle scams of 
mal. Imelly the stratii a r e  closely folded, as on Billy Ur~elr '(w 
fig. 41, vhcrc the con2 has clev~Jqad R strong clcavnp nnd hns as- 
silrnerl a *rnianthmritic character. Thnt the high-pndc con1 is re- 
stricted to sucl~ belts of sharp tlefomntion is rendwed prob~.l)la by 



the fact that the rocks in the law disturbed meas are found to  contain 
only fragments of carbonized and small stringers of ligniln. 

The Upper Jurassic strata lie in mmparati-r~ly tmrlistnrbcd ntti- 
tudes, with prevailing low dips. Minor dislocations of the lsetls nm 
of widespread ocrurrence. >fore extensive fnnlt ing is wcnsinnall~l 
met with, as on Billy C m k ,  where faults of *vcral hundrcrl feet 
throw am revealed with. diagrammatic clearn~rss. Coal trrs seen at 
only two l acs l i t i~ ,  on the hend of Billy Creek and on the muth fork 
of the Tyonek. At these localities the o~tterops were olmnred 1)y mud 
und slide rnaterinl, but the amount of coal repr~srnt~t l  wns probuh1:- 
small. The con1 found is a black lignite which cl~wks on dying. 
3fcndenhalI reparts thin beds of rnal int~rstrntified with the shales 
and sandstones along the south forIc of the Kelchinn. 

ADJACENT COAL FIELDS, 

Coal fragments are mport~il fmm l \ T i l l o ~  Creek. Prom Kash- 
witnn River, n t  two p i n b  half n mile npart, nncl from Canoe Creek, 

PI*. ~ . - % C ~ ~ O T I  m Bllly t r e k .  1. Handntone nnd shale : 2, conglomernt~: 8, greenatone 
ampgdnlolrln : 4 ,  bltmult dlkea 

7 miIe north, a bed of Iignite 7 or 8 feet thick is reported. This hrrl 
lies nearly horimntal nnrt slopes wry gently to the w o ~ t ,  This 
appears to be an extension of the fieId of which Martin has compiled 
the following information : a 

There n m m  to tw! n consfd~mble arm of con1 ar lignite In t h ~  Wo~ltnn 
Vnl lq ,  In the vlclnlty (11 the month o f  tbe Talkeetna. Some nf tlw emsurm 
were w n  Ily Eldrldg~.b rvlm rlwritws them ns folluws: 

"The tblrd coal Reld n3o1y the msin rlwr, 4 to 10 miles nbnw the Chulltnn. 
Rppenrs in outrrctw fur n dlak~nce of G or 7 miles nnd [A w r h 8 1 ~  the r u p w l  
portion of an ~xtenrlre  nren. The c t m h  form hlnlP~ ItW) to :!MI f e t  Iilch, nod 
rona l~ t  of rlnys nnd nnndlrtones-tl~p former preilomtontlng-with mrtl =urns 
from fl Incheu to U f-t thick. There are prhnps tm or flftwn run1 tAs ex- 
po& 30 the entire IrrtHh nf the ontrmp. Th~ir m1tem1 1- 5' to TO" SSE.. 
r ~ i t b  undulatlonm. TEIP tlblrknmn of the uerips ~s1mr;ed I R  perhnp ~IMI fee t ' "  

np CI~. .  p. 26. 
bRldrldpp. (1. 11.. A r e r o n n a h o c e  In the Rusltno Ir~inln nad ndjnmnt territory In 

lIII)#: TH'~ntl~th  hut^. R P P ~ .  U. L. Gml. RDFV(~.T, pt. 7 ,  fI1111). p. 2.'. 
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Other expomretr In the w e  general dlartr~ct wrre d e ~ c r l h d  by Lientenant 
h a r n d ,  who said: a 

"AR tile par@ under my charm pmrer?8& up the Rosl tn~  Rlver. ~peclmenu of 
MRI were Pound on the snnd bars fmm tlme to tlme, hot more plenf fully nR the 
forka were nppronehed, On the way down the river nn ontcaropplng of con1 N-ns 
seenoan the past Cork of the Snsttan River, about 2 l n I l ~ ~ s o u t 1 ~  nP the fork. The 
veln could not be merl~nred, but as near tw could be determined It arts about O 
fM thick and of a poor quality. 

" Uuon entering the T a l k w h ~  Rlver coal warn seeh on the bars and banks, end 
the same con1 waR found in t h e  Cbunllnn Rlver, T t  wnn the nlnln furl u& 
nt the cnmp on the Chunilnn Rlrer for ahont Mo months. The mnl' fol~ntl  
tbere mas 11 brown Ilgnlte of nhWt the smme grnde eR the bPRt round in the 
rlciniiy of Tyonek. The ~ e i n  mas located drst hy SergeRnt mnprt, nnd 1s n o t 4  
an his map. It is abut  6 miles above the mouth a t  the Chunllnn. nt the h n ~ e  
of n rmt gravel bank about 100 feei high. When seen by S~qzcnt  Snnert 
the wnter was clear and the veln could he t r ~ w d  ncrnm ifbe rtver to Pl~e enst 
bank. When 1 vi#ItPd the veln the river was flood14 and therefore c p ~  

muddy. As near ae could be determlnetl by me tlw reln was (E teet out of nntk 
Inllg as much more under the water, maktng 3t 13 P& thick, but Prlmte 
Gamble, who had seen it in clear water. Raid it was at  Fenst 15 fet thlck nntl 
wrhtips much mure, ns I t  extended wrom t b ~  river, forming Ih b d  nnd tbere 
wna no way of detenahhg the thickness a i  tbat part fomlng t h ~  bed of the 
river. The vein is  only slightly tilted, und mmgaratirely easy to work t i  QFC~I- 

s!nn ~hould ever render i t  valuable. * * A11 of the ma1 found, what 
consumed, gnre a fnlr amount of hent, but left R large ~monnt  of aahetl. * 
Sergpnrit l'rlnert reporffil that he f u n d  another large ml vein on the Chalihn 
River of abont the srunt? grade ats the Tyonek ml. It is donbtfnl 1f the mnl 
fn~ound will ever have ~ t l y  mnrmminl vdue, except mrh mlne aR It psww 
for fUpl in tbe vlcinl-, and even mat will be smnll, m u s e  of the timber 
found in the mme Jocalitles. Enough was ascertnined to nhow that there IS 
plpnty 1 9  <.on1 or an inferior made along the Su~Iton Riv~r." 

The Conk Inlet iw1 ReIda have already W a  described by varfoap anthorn 
All ~xist lng infomntIon rrras anmmarked In 1m by Brmki.8 who gave com- 
plete referenma to the earlier gubliratlons. 

There seems little doubt that lignitic coal-bring strata border 
the western basa, of the Talkeptna Mountains from Cook Inlet at 
least as far as Chunilnn River, ns is indicated b~ the mwessive float 
R I I ~ ~  ~UtCrops reported from ll'illow Creek, Canoe Creek, K d w i t n n  
River, and Cfiui~ilna River. It wrns probable that these exposam 
nra of *sediments of Eocene nge nnd of the same series of beds that 
were wen ac other localitiw by EldridgeWc 

Mmcd, T,*at. IT. G., R m s  nt ~mlorntlona In the Territory of Alaska, Wnr mt.. 
Adjutant-Gpnersl's Omce, No. 25, lbw. pp. 182-len. 

b I~MoILL., A. H., The conl rreources of Alaska: TwenQ-memud Ann. Rept. U. 3. GeoL 
Rurlrrrey, pt. 3, 1302, pp. G43-546. 

= Oy, clt. 



ANALYSES AND TESTS. 

T h e  mmplw mllwted by Martin mere (with the exception of Xo. 
8 )  all tnken in a rlniform manner. They mere obhinerl bp making 
a cut n c m  a k h  face of the coal from rood to floor, cutting 
down only the -1 which would probably be Ioadrrd and leaving nz~t 
such irnpuritia as mold Ix separated in the ordinary prtldjm nf 
a e t u ~ l  mining. The? a r e  thus snppased to represent the quality of 
the c o ~ l  which would be mined from these seams. The parts of mcll 
wrrm which went into the sample are indicated in the l m l  wtiona. 
No. 3 was t ~ k e n  from only the kt parts of the seam and impllriti~s 
were rejectccl which could be separated in practice only by r ~ r y  
carch~l tr~ntment, such as in " screened and hand-picked " coal, or 
pmihly by some mechanicaI process, or by mashing. Thc object of 
thia section was to show, by a comparimn of analym Nos. 2 and 8, 
what ca~i ld  prohbly be gained in practice by such crtrei~~l w p ~ r ~ t i o n  
of impurities. 

The samples that Martin collechd mere d l  analyzed by Fa M. 
Stlanton nt, tho United Stn tes Geological Si~rvey conl-tegting plnnt 
at St. I ~ a i a ,  Ma. The methods of analpis nre described in the 
reports of this planLa 

The other unnlysecl were gathered from a variety of m n w .  Nm. 
4, 8, 10, 12, and 14 nre hnsed on duplicates of snmplerr talcen hy 
Martin. Thc others  re of varied chametrr, some bring fnis roprc- 
sentations of the earns ~ n d  some random selmtions of thr best conl. 

The anthmcita cod is represented by a single finalpie (Yo. I ) ,  
which shows it (sa far as this onc outcrop is conwmerl) to compnm 
favorably with wme of the T't-nnqlvanirr anthmcitc. 

- - - - - 

* A ~ b h a m r r ,  P. X.. Amn. Itml. fl-1. Rvrroy bnauylvml& ZARJ, p. 913. 

A sample from Anthracite Ridge taken bp the writem dnring the 
season of Z!MM i~ here of special intern*. {Sea No. 22 in t ~ b l a  of 
ultimate s n a l y s . )  It will IF wen thst the ma1 has a h~eE mt,io of 
only 1.90, which p l sm it in the bituminous clnss. T'he difference in 

. -. 
Pnllmlnm*g rsport an the oprratlouS of the coal.t~ttng plant of tbe Dnltd  SMtm 

Qmtoptcal R u m y  at  tbr Lontnlsna I'awhaw mpsl t lon ,  St Lmtk Jlo., 1004 : Ilull. 
U. 3. Grol. R U F V P ~  No. 281. llIO5, pp. 30-31, l f r p t t  on the operatloah ol tbe coal- 
tsntlng plant of tlie rnltcd Iltalra (:~nlwlrnl Humrg nt the Imulstaaa Purehaw Crpanl- 
tlon. St. Loufa Mo,, 1PW : Prof. Pmpr 11. R. Oml. 8armg S8, 48, I W ,  pp. 174-ID?. 
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the quality of the con1 is rqprded as dependent an the presencm of 
neighbring igneous rocks. 

Anarvma a aJ Y a l o n u s h  River curah. 

*Them anal vcrc made F M. Slnntrm on tlm same mmplee em thorn with Forre- 
spoar!lnc numi% on p. 60 3. '=he dlEerenw In proximate rtnalyws nre dlls  tu the 
fact that rhc sum lee &menhat tn the mwths lphIrb elapRPd lwtween naalgsen, nnd 
thnt RomfWhRf d h r e n t  methods of anaIreis were wed I- Bnll. U. 6 .  Owl. Xumry No. 
2!rr). l!)frfl. pp. 29-30]. 

Kut dttermiacd. 

The coals represented by analyses 2 to 17 are near the border line 
between semibituminous steam coals (as the name is generally used in 
the trade, but not nmrding to Frazer's definition°) and bituminous 
colcing cmls, They are rather high in ash, but nro o t h e m i ~  of p o d  
q i ~ ~ l i t y .  Analyes 5 and G bring the averaga mh nabnormally high, 
but even aside fnnn these most of the seams are so im'pure that 
mechanical sepamtors or washing should b used to remove part of the 
impurities. The purer of these coals (~1maspond verp clwly to 2110 
Crows Nest Pass (British Golambin) cod: which is the standnrd 
coking coal of western Xorth America, and approximately to some 
of the coking coal of the East. 

The bitminous coal of lower grade on Eska and Tmdaka cmh, 
which the analyses show to ba intermediate k twwn fimt-clam bitn- 
minous coal and the lignite coals, should pmbably lm called bitumi- 
nous rather than lignite, its usual designation in the rcgion. It is 
of about the same composition as the Franklyn, Black Dinmond, and 
Renton (MTashington) coal. It probably vilI not m ~ k o  good coke, 
but should serve well under stationary boilera, and possibly as a 
focomotive fuel and for other local uwn, It h u l d  be especially 
well adapted to the eneration of power by the use of producer gas 
in a p s  engine. 

- m p t  VA!. Hurvej Pena~yImnIn, ~ 0 1 .  MM, 1879, p ~ .  144-1411. 
bVartln, G. C., Markets for Alaska coat: Bull. U. %. Reol, Burwp No. 284, 100R.  p. 28. 
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A m g h  test of the coking qualities of the coal from tunnel No. 2 
on Chickaloon Creek (see p. 46) was made, during the surnmcr_of 
1905, by colting a large pile of coal under a covering o f  stones and 
dirt. The resulting coke mas hard and firm and had a gmd ring and 
a god  texture, The test showed mnclusively that a srstisfactory 
grade of coke can be produaerl. 

No serious difficulties prevent the mining of these coals. The dips 
am m sstecp (20" to 00" on the anthracite, 18" to 85O in the east end 
of the bituminous area, and 20" to 44' in the west end of the hitu- 
minous a m )  that some method of stoping must be used. Miners who 
are nccustomed to the steep dips in some of the coal mines of '1Vfishing- 
ton and British Columbia will h a ~ e  no difficulty in tbis field. Drifts 
can be run from tho level af seme of the main streams, and enough 
coal found above drnirias to supply thc mine9 for some time. It 
will ultimately be neclessary to resosort to slope or shaft mining. T h m  
methods, or tunnels across the measures from the upper floor of Mata- 
nuslra Valley, will probably have to be u d  on the anthracite very 
soon. But no operations should be undertaken in the antlwacite area 
without thorol~ghly investigating the amaunt of workable coal, both 
by caw£ \illy exploring thp. swronnding co~~ntry in search of outcrops 
and by hsting the thickness and continuity of the seams by boring or 
otllar miderground work. Tb~re is nn n1,undant local supply of wood 
for building a n d  mine timbring. 

It will be necessary to wnsh ur otherwise clean the cod from some 
of the seams. The percentage of as11 cnn be reduced by w&ng from 
10, 12, 15, 23, and 27 per cent to lcw than half and probably in Eome 
cases to a quarter of these figurm, By washing tests at the coal- 
testing plant of the United Stntcs Geological Sunley " the pernutage 
of ash was reduced as follnws: 

-- 

'Preliminary report on the operatlong of the coal-tmting plant of the Unltad Wtatea 
Qeolodcal Survey at the Louisiana Parcham hgosltion, Bt. buts ,  Yo., 1904 : Bull. U. 8. 
Gwl. Survey No. 281. 1W5, pp. 60-78. 



Gold-haring rocks are found over considertab1e areas in the region 
s d j ~ ~ c ~ n t  to Cook InIet. rZ series of graywackes and slates, cut by 
small qunrtz atringem, occupies the eastern part of the Iienai Pen- 
insuln, forming the hed wck of the Sunriso mining district, extends 
ncrow Tlrrnapin Arm, and may be stwn in the valley of Hnik River 
still fnrther north, The search for placer gold in rmh of this type 
is warranted, nnd discoveries of commercial value may possibly h 
made, 

Worth of Mat~nnskn River, on the muthem margin of a granite 
mass, occur% R b ~ n d  of highly crystalline. mica schist. It. is closely 
folilecl rind infiltrntod witli fine quartz stringers. The onIg produc- 
tive plawr thus Qnr ilcvaloped within the region is situated on this 
belt 03 schists. It i s  notm-orthy that the igneous rocks, p n i t i c  and 
volcanic, to which this series of mica schists F;iv~s place on the north 
and east, have so fnr proved b ~ r m n  of work.kahle placers. 

Farther northwest, near thc m o ~ ~ t h  of Tnlkwtna River, a slat* 
schist wrics, foldcd, intn~decl by granite. nnd containing abundant 
quartz shiners ,  n p i n  mprescnts the pld-hltring serias. The same 
rocks are dm found just north of the Susitna-Cantwell divide. The 
bars of stmrns be:lding in this formation have fnr many yearn been 
worker1 with more or less s u m ,  and in 189H werc the scene of some 
local excitement. Svern2 milm of clnirns wPre ~taked that year along 
the Ch~miIna, a t r i l ~ t ~ t n y  of the Talkwtnn f mm' the north. The gold- 
h r h g  gravels of the. newly discovered l'entna ~ l i ~ t r i c t  are reported 
to: linl-e a slate; bed mck, indicating the prcxnce of metamorphic rocks 
to the west. 

Tllnagh there is dill question ns to the r ~ l ~ t i r e  a m  of theso scrim 
of rocks, there is IittIo doubt but that. tlwir econarnic jmportnnce is 
clue to thc rninernlizntion which has taken place d u r i n ~  their infiltm- 
tion by abundant ql~nrtz stringers. The concentration of gold valnm 
incident upon thcir wearing away l ~ y  stream work bas been the direct 
means of thc formation of the placerr;. 

Tho I'lcistocenc? pavels at the head of Mat,anuska River arc not 
likely to be gold bearing or of wonomic importanc~. Their glacial 
origin is clistinctly unfavorable to  the prodrzction of placer deposits. 
Thcir rnpirl mode of accumulation means s lack of sorting ant1 con- 
centrntion necgssary for the formation of workable pIacers. 

Tho premnt str~nrn grav~ls arc largely derived from reworking 
thcw older gravel sllects. Even, with thispartial mncentration tho 
goliolci content has not bwn increased suficiently to pay for working. 
Prodl~ctivo pI&ccm appear to bc limited to such streams as are directly 
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engaged in concentrating a metamorphic bed rock locally bearing 
gold, usually in the form of small mineralized quartz stringers. - 

Though placers have not been found within the areas of older voI- 
canic rocks, .minerafization has occurred. West of Hicks Creek e 
large cropping of gossan about 100 f ~ t  wide was found. This red 
capping is due tu tha axidation of finely divided pyrite disseminated 
through a quartz porphyry. A sample selected for a m y  showed s 
trace of gold and no silver. # 

For several miles the whole southern flank of Sheep Mountain at 
the hkd of Matanuskrt River is colored a strong red from the oxida- 
tion of pyrite in the peenstones. At some points the sulphuric acid 
formod during the oxidation of the pyrite has bleached the p n -  
stones to  a, pure white color. The rngged range thus tinted in vividly 
contrasting colors presents a marked mnic cBect. Certain streams 
e u n ~ g i ~ ~  from the range are so highly charged with iron srtlts as to 
color thoir gravels red with oxide. The pyritization of the green- 
stones, which are hew roughly schistose, has sff octd a great thickness 
of rocks, but is of a diffused character. An assay of a, sample selected 
as showing the mnximum mineralization yielded only ra trace of gold 
and no silver. 

DESCRIPTION OF LOCALITIES. 

WILLOW CREEK. 

Placer gold is being mined in commercial quantities at only ono 
Iwl i ty  within the area cavered during the season, i. e., on Grubstaka 
Gulch, a southern tributar;p of \Tillow Creek, which enters Susitna 
River about 30 miles above its mouth. Willow Creek proper was 

by M J. Morris and L. Herndon is 1898, and it is reported 
that they extracted about $4,000. Tn 1890 A. Gilbert staked Grub 
stake Gulch, and in 1900 sold his inkrest to 0. G. Fleming, who man- 
ages the property for the Klondike Roston Mining Company, of Bos- 
ton, Mass. 

The valley af Willow Creek and the valleys of the m a l l  tributtt1-g 
gulches show clearly the resulis of ice action, the side streams occupy- 
ing hanging valleys with steep gradients or falls where the smaller 
streams join the main water coums. Grubstake Gulch i s  an example 
of such conditions. Near its mouhh a rim of bed rock cremes the 
channel and is cut through by the present stream, which falls pre- 
cipitaisly for about 150 feet in a very short distance and enters Wil- 
low Creek at rt low pdient .  An excellent clump for hydraulicking 
is thus afforded. Red rock is a mica schist penetrated by small vein- 
Ids and augen of quartz. The sehistosity at this point is N. 60" E., 
with a steep dip 40" to the north. The direction and inclination 
of the beds across the stream and the dip downstream are especially 

1507&BnlI. 3 2 1 4 7 4  



farorabl~ for the cnllection of nny gold lhltt might be concentrated 
from the rwks in the p m s  of erosion which the valley has 
underwe. 

In the last t h m  gpnra, l A O d l O D C , ,  during whi& hpdmnlic rncthads 
have been in use, IHK) feet of the creek hns been worked o~lt. Pnp at-er- 
ages ?Mi fret in width with a d ~ p t h  from 2.1 to 3 feet. Tha gold is 
coarse! rind rangh, snd essays e t  the mint, $lO.aR pet ounce. Very 
littlr hlnck a n d  is fwlntl. Tho  pcater part o f  the gold occilm close 
to or in crevices of the k l  rwk, htt  it is not deemed necessary 
to clean up by hand, the hpdrauIic giant k i n g  r e l i ~ d  on to sweep all 
gold into the hoxcq. 

The 1vnaI1, which is practically aU confined to the gulch bed, there 
he in^ no weI1-dcfinetl bench, is conm, iE I amorted, and not great ly 
wntemorn. The mnnp large hwltlem make it newwary to+empIoy 
st I ~ a d  two men in  brenkinc up nnd wrnncing oversi7a and add 
materially to the cost of cxtmction. Three Hen+- giants are installed 
on tho property, two So. 2 ant1 one No. I. Only one is uwd ~t n time, 
howerer. L%ven hundrcd inches of water with n head of la0 feet 
is brought three-fourths of a mile down tllc pllt-It. A %inch pipe at 
the intnkc dam is reduced to 9 inc11c.g at tllr giant, ta which is fitted 
a 3-inoh nozzle. 

T h e  900 feet of sluice bme9 used arc h i l t  cntirely of whipsawed 
lurnb~r. Bottom Imards are I& inches thick, side hards 1 inch thick, 
and Zlw frames nrc 3-inch squnre timbers. Thc fl time is 27 feet wide 
and 30 feet deep 114' inside nrmsurements. Block riffles are u d  A 
p d e  of 51 inches to 124 icct, is rnaintninrd. The p a r e 1  is piped 
downstmrn into the boxes. V ~ r y  little gold is cazlght below the 
fourth box, the preter part being retnincd in the wcond. 3fem11ry 
is placed in the third, fot~rth, and fifth Lloxcs. 

The origin of the p l d  mnp ha nscrihd with certainty to the 
sbunclant qnartx stringcm in the mfcn whist;ts. The coarsen- and 
roughnw of t h ~  p i n s  s u n q t  R neur soiource of supply. I t  is very 
proluhl~ thnt thr tliwrcry of placer gold in commercial quantities 
in t h i s  redon will In in the Rrens nherc mica sthi* is the dominant 
formntirm or ~ I i c r t .  st wnms 11we erotlrd rocks of that type. The 
fact thnt placer zold has not k n  f o ~ ~ n d  in pnying quantities where 
strcrrrns hure hended in granitic or other qsh l l ine  rocks beam out 
this stdement. 

R c r ~ n t  prmpwtinp has dpvplopx? the fact thmt a well-defined 
brncll nbont 75 fwt n h r e  the Zled of Tf'illow C w k  arr iw gold in 
commcrcinl quantities. It is planned to indall during the coming 
minter n hpdml~lic plant on the south side of Willow Creek, ntnr thr 
m e ~ ~ t h  of ll'et Ga!ch, 2 miles helow Grubsfake Gnlch. for t h ~ i r  explai- 
tntinn. T h e  cxrr4lmt farilities for dumping. and a catchment area n t 
Icnst RRB lnrp as that of TViPlow Cmk s ~ t p p l y l ~ g  water under sufi- 
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cient pressure, s u m  a commercial proposition well worth ink-esti- 
gation. The pwsm'sion of the rreek clnirns as dumping grn~rnd will 
t~ nncces4arp. Snrh bench claims lend thernwlv~s particularly to 
exploitation hp hydrrttllic: metllocls mnd mny be .rrork~d nt fnr lomcr 
cost than ,gsal~ls situatcrl at the le\~~.Pt of present s t m m  rlrainage. 

T w o  prospectars from Copprr C~nter, who W P ~  met in the head- 
water country of the Kelcl~inn nnd Tgnnclr riv~rg, reported that .gold 
was p m n t  in all the strcnm p v ~ l s ,  b11t in very small qunntitirs. 
The gold obtained an the I'yonrlr is rilrnnst cxdusiv~1,ly in tho form of 
cmaIl mund plates, wort11 nhout n cent  npiw.  Oeensional small 
shotty nuggets occur, not cxccudinji 6 or 10 cents in value. 

T t  is reported that the hnrd conglomernta intedrntified with 
Jurassic shales and sandntones. w l i ~ n  pnnnrd, fnjled to yield colom. 
Pet in view af the unnlterrd nnrl anmincmlized cl~arncter of the 
prevailing sanddonea and sl111 IPS, ~ n r l  in view of the romparativs 
coarsenesfi of the gold, it is n p v ~ r t l l p l ~ ~ s  prnl)~ble thnt the meager 
*Id content of the p w n t  strclm c.11nnnrls llvs bPen derived by a 
mncmtration of the nncicnt conclnmarntc.;. 

K S I K  UIVRR, 
I 

It i s  reported fhnt on Sletnl C m k .  n trih~rhry of Rnik River, pw- 
pectars diml'eml p ~ p  dirt wllicll yirltlml S? nr W f i ~  day kto the shovel 

K S I K  R I t L A .  

Tn Angust, IW), p m ~ t o r s  rrporrerl t31r rliscovev of copper in 
the high mountains b t t r e e n  ll'nik nml Sfatnnnskn rivers, l ~ ~ t  this 
Iml i tp  was not visited. Tllr ore shown to thc wrifrr is rhalcopyite 
(n11pElide of copper nnd iron). nnd is n w i n l ~ l  with pprrhotite 
(magnetic iron pyritcs), Thr l ~ d p  iiq wprtnl 4 0  hr: nearly vertical 
and to hare l ~ n  tnmd t l ~ r o ~ i ~ l ~  four clnilns. s o  ndanl clere]opment 
worl; hns k n  done. The om I)nrly is snid in tc! 2 fcet thick, consist- 
ing of 18 inches of wlid chalropyrite mcl IS inches of qnnrtz irrepl- 
Iorly cut by striomm of orQ. Gml)hitic gol~gc mtttter occurs near 
f l t ~  latlge. Frorn the forppi~ig  ilc~cription it nppfirs prol~nhle that 
tho rlcpmit occupies n mineralized sIw.nr zone, similsr to those fotmd 
in tbr I'rince lVil1inm Swnd region 110th in i t s  rnnnner of wcumnm 
nnrl in the bvd racIc wit11 which it i s  associated. The rno~~ntninrr lw- 
t w e ~ n  Knilc nnd i lhtann~l;a rivers, though dificr~It of a m ! ,  n t r  
thought worthy of 
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The occur~ence of bornite in the mountains east 6f the Susitna, was 
reported as early aa 1898.0 During the summer of 1906 assessment 
work was done on copper claims near the head of the north fork of 
Kashwitna R i m ,  a tributary of the Susitna h m  the TaIkeetna 
Mountains. Samples of bornite said to occur in a granite were seen. 
The claim is about 120 mile7 from Knik and is situated 10 miles from 
timber. - 

'Ekplonrtfons In Alanka, Adjutant-Genersl's OfUw p. 187. 
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A - h l e ~ a n d  L. P. Glenn, In conpemtlon with the Stntp Ci~loglcnl Dcpnrtmmtof Kentucky, 
C. J. h'orwd, cumtor. 1%. 239 pp., III pln. 
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F. E, Mofiil; Coal fields nt (he Kachcmnk lmy re#inn, hp R. \TI.'. Stnnc. ZW. HO pp., 18 $la. 

B Z'B. Wmlqy and coal r e s o u r n  of the Cnpa LTuhur~rr rq1c111, Alnekn, hyA..I. Col1lr.r. 1MO. M pp., 
9 pls. (Out otdack.) 
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8315. CnntrihutInns to mnumlr  genlogy, 1806, htt Z: Metalr and nu~memh, erwpt laclr: 8. F. 
Emmtine nnd F.. C. B r k ~ l ,  geal(hd~tA in charge. 19n7. hO4 pp., 4 pk. 
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1P'M, U.2 pp. (nlrt of rtock.) 
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PP L3. DmInage raorl&caliorur in mionrheastem Qhio m d  nd)aeent pa& nt \\"enl V l d n l r  and Ken- 

tuck?. by SF. G. Ti@ IRU. 111 lrp. 17 pl% (0112 01 ~ t ~ k . )  
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83 pp.. 18 pls. 
B 219. The ore depneits of Trmopah. Nevada (pwlirnlnar~ rpporl) . by J. E Spurt, 1808. 31 pp., I pl. 
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tRnm and Idmho, by Wnldem~r Wndgwn. 1804. IE pp., I& pln. 
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WS 110. G o n t r i M t i m a  to hyrlrolmq o l  e m m  nnltod Eimttr, IMM: hl. L, Fuller, m?nlq&t 111 chrrrge, 

1W. 211 pp., 5 pln  
B 2.42 Gwlogyd  the Andxqn VuIIey between tho HmnIl! and thc Kln<lethcak, hp T. X e h n  Dale, 
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WB la. U w l o ~ y  unli water rero l~sa  of by F. S. G d .  IPoS. 178 pp. 2l plr. 
R aM. Thn cnn0qrntlon nl tbe m k  Aoor 01 G m W r  K m  Ynrk. It!' W. I I .  f lobh .  lm5. pp.. 3 pin. 
n 272. Tmmnlr phyalwmphr, hy T. Y .  Dalc. Im. A2 pp.. I 4  plr. 
PI' 46. ' P ~ P  RmKrnphy mnrl p l w  of A l ~ k n .  n lrmamarg of rx l r t lng  knorledge, hf A. m. B r m h ,  

wltli I* mrlon  onrllmah, by Cleveland Abtw* Ir.. and r t o m p h i r  IMP m d  drrrlptlnn 
t h ~ m i .  br n. M, r;d+-+ I-. E: pp.. 34 pts. 

I3 273. Thn ~lrumllnrr of n n n t h n n n m  W'Flscnnaln (prrllminary p.m). by W .  C .  A l d ~ n .  L-. A pp.. 
9 pln. 

PP 8. Cmtn~p #nd tmdegmund rater n w o m  of mrthrrn tmrlrlmnn alll mtbrm ,\rl8niw1, by 
A. <'. \"mteh. lrxr;. Q pp.. 31 pls. 

PP m. B.lm an4 mlnrrrbl mwrun.ee at psrt of the Cmbrdanl 0.p cn.1 Ilrld, Kentmky. by CJ. Jl. 
hal~ley and L. r .  Cknn, in mpplaLbnn wltb tho Plat0 O.rolnClrnl t m r t m c n t  nl Kmtueb. 
C. 5 .  Xh;nr*W. CUrUtr)r. 19m 3 3  pp., Kl pig. 

PP &. Thn Moll- l o b  of the -.nun icc abeef t ~ y  F. ll. 11. Cdbwn. 1908. Bt pp.. 7 plr. 
B gn. Mineral m o u r n  of K e ~ i  p n l m l l r .  .llnsl.: OoId *Ida 01 the T u w n  A r m  Man.  hy 

F. 11. Ynmt: snil t h * d  f i ~ l d a  ol the- Elrchmuk B*p R#on, hp R.  \V. S t o w  Imp,. R1 Mr., 
14 pla. 

WB 15(. Thr 4- m a d  m w r  laaum at C h s  C1.lcm porllon ol the Pmlundla of T P X ~ .  by C. N. 
Gnuld. 1W. M pp.. 1.5 pb. 

R mL C h 1 q - y  nod ronl r ~ w u r m ~  of rho Wpa Ulbams e o n ,  Alaakn. hp A. f. Cdllrr. lm9. 64 pp,. 
P pfr. (Out of stwk.) 

8 119. Mlnrml m u m  nl  the );Ittaming mml R r r d  t 'a l l~  qoadmn@r*. b s y l v a n l m .  by Chmrlm 
II~ILLs .  1m. 1WPP"IIpl*. 

A m .  The Itampart plr l  p l u m  m ~ n o .  A b h  by L. M. l'tincllr and F. L. Itear. 1% M pp., 7 pIa. 
,(Jut or stock.) 

B Z%?, oil f i m l < 1 ~  of the T~r~-bnt~tma CdfC-?d PWn. by N. M. F f n m n .  I B n .  146 pp., I1 pls. 
ITS 1 3 .  LnJPrgmllnd rater  Iu the vd*.s of G 8 8 b  b k c  and lordan Rtvnr, t'tnh, by I;. A .  Rlcha r 6  

rvr. 1- FI up.. 9 plq. 
PP m. G m l w  ol the Highom Mounrdar, by S. U. h m n .  I*. 129 pp,. a7 plr. 
H'9 1s. I're1;lnIrrrrry rrywrt  on rht! p t o b  mnd n n d w m u n d  watm ot tho Rmwell nttsninn nren, 

3u.w N e x l m ~ .  I ,?  C. A. Flc!lcr. 1BK. 28 pp., B ptn. 
PPS?. h l w y  and iindl#.rgrrmnd walem 01 the Arknnrura Vnlleg In castem C f ~ l ~ r a d n ,  by 3. El. 

bntrrm. I 9 K .  Wpp.. '19 plr. 
f S IW. Wnlarary or ~ ~ r ~ < i c r ~ u n d . * s t e r  ~ s o ~ m  of Miml~lppl, by A. F. Crlder 11t1d I,. T). Jrrhoao~~, 

IYK. & pp., 6 l h l ~ .  
PP .kl Gtoltvr ~ r ~ d  rater r m m m  01 the Bizhorn badn, WycrminL, 11)' C, A, Flsltcr. If&$. 72 pp. 

16 ~ ' t *  
- 8 m. Ocolrl~). ~ l d  rnireeral reeaDfnn of M l d d p p l ,  by A. F. Crider. 1801. 99 pp., I pls. 
B PC1 b 1 1 0 1 n i c  gwlnp)-of thc Henvcr qrldrongle, Fenr~nylvnnla (muthorn Henre? nrid iinrthwcrb 

err, Allmhen! cokmtIm\. by L. It .  IVm~lsey. Im. 1.Y. pp., H plq. 
B 33. The Jt~neuu gold belt, Alaaka, by A. C. hpmcer, and a munnul~oanrs ol Admlmlly Idand, 

A I R Y ~ ~ .  by e. w, w e h t .  I-. lei pp., 37 PI& 



PP M. The ~ 1 ~ 3 3  an13 p l d  deposlta of the Cdpple C m k  ~lislr lr l ,  ~dnrssln. h?. 1V. Llnrlgren and 
P. L Rnnmmt 1906. MA pp.. ?lr pl.. 

pp56. OredeposiBoI the Sllrer PwtL ql~nrlrnnglr, St~adn,  try J. E. Sprlrr. IWX. I74 pp., 3 pls. 
B 239. A mnalu-e o? the Naranoek~ rnnl field. AIR-kn. In 3W. lay f;. C. 3Iartlm. IN, 36 pp., 

5prs. 
WS184. T n d w n a  a m o f  Ten-nnd Xentl~rkp r r w t  nt TI-nrrclarr! RIvi-r nntl 01 nn atljncent 

nrra ln I tlinofr. by L C rilmn. 19M. 1% I rqh..  7 pln, 
B% fkconnuhnre  of w m  gn14 anal 1111 drpo41tsnI the mthrm Appalkvhlnilr, b y  t. C. Gmton, 

lpith notesnn the Dahlonega mlnm hl- n'. Lind~mr~.  1m. 151 Irp.. 9 ~ I R .  . 
R zsl Zinonnd lend d e w h  oi tlse uppr SF=~ppl  \-n!lr:-, by I1 Fwtrbr Hnltk. I W .  IrApp., 18 FIR. 
B %!5. The Yukon-Tnnann rwInn, dlaskn, de%crt~~rIrm nl  C'lrcle qur~dm~l*lr, I I ~  I,, fir, Frln(1la. IW. 

27 PF.. 1 PI. 
R m. Fmmomic g c o l m  d the Indeppndcnl.r* r { ! ~ d r u n ~ l r ,  Ewnvan, hy Fnlnk t'. Rrhrud~r had 

ErnLmtr* FIalvorth. I M .  74 P~I., vi PI*. 
W!3 181. Qwrlogy arid watrr w-e ad *weilh Vallry, ~slliarnln. tbp WIIHH 'r. Leo. 1WI. '?n PI)., 

6 pls, 
R 3 7 .  The I't~rnpn mfft field. Rolitt rrmn ty, C'trlo., hy S.  31 Frn11r.mnr1, 1 lnyl a. Qalc,nl~~! M. 11. Cninp 

h l l .  I'm. 9ri pp., 9 ply. 
B 9M. Fmnnmlc ~rnlwy or the k m l t r  ~(t~~idrar~gle in &n~tl*rl l  \VarhlnRton County, I'n., hy F. G. 

t'lrtpp. 1W. 145 pp., S pls. 
&@A. Peell~ni~mry nccour~t crfCa31~lAeId, nullfmg, and other mlnlna dlutrlcta in muthem Eisvnrls, by 

F. I, Itanwbme: wit11 no#ea on 3rnnhuttnn Alrtrlct, t)y O .  H. CarrFy nnd W. H. Rmmonr. 
1Wi. k? Dp., 6 pis. 

R W. UI1 and Eau f lc ld~ of B m n e  Collnty, I'n.. by R. n'. Stun@ H R ~  F. li. C'lnpp. 1W7, 1113 pp.,8 pi*, 
WP lW1. Wnttrr r~worrcs or the Ria (;rnllde 1-nlley In S r e  I l rx i rw nlln Ihfk d @ l ' ~ ~ l n p m ~ t ,  by W. T. 

I.cr, lw. IW pp., 10 pls. 
R BUfl. R a ~ o  111 rrr~wnlnn o I  Xl~&mrn Fulls. nrn,mpar~Id h? a r e w t  018 the ~ I ~ ~ P Y  OI the rw4. L r ~ l  

W, C ~ r v c l  IIall. lm. 21 pp., 11 p\a. 
PP fill. IICrjRPAphY nnd ~eotug!' tbr n wrtla,n r n f  t l ~u t t~wwtem ffromlng, al th  rpmlal mfcrencc to PMI 

nnrl all, by A. C. I'er~lch. lW7. lT*p~.. 3 pie. 
R 81#1, A pa~olo~lp rcronnalmucr 111 ~ ~ ~ i i t h w m ? r r n  Kr~ada nnd earlernCnlitornla, h!: S. A. Brll. Ipm. 

21 8 pp., 8 plr, 
B W. Tho Rant& Clnm Valley, healre Rnlr, lind ta4 Angel~x oil  rli%Wt% anorhem rallfornla. by 

G. 11. I l ldr ld~c bnd Rnlph .Arnold, IWT. ?M pp.. 41 ple 
PP t,7. tleolmy oi Ilur Mhryx~IIEr m l n r n ~  11l-tti1-t. % l ~ ~ n h n n .  a crndv ~1 I@eou~ I n t d n n  end mnwt 

rnctamr!rptbleni, br Jmcph HAtrrl!. 1W. 179 p p .  lG pls. 
WR 191. The plr~llwy 11!1d u4alcr rt..swirctt*ot rhr weslum m r l o n  ni  thm Ppnhandle olTexw, hy 6 1. 

I:ouid. I!M. 70 pp,. 7 111~. 
B 811. Tllu Krpcn whlW nnrl nmrtnted glanllPcand IwKphyrlw of TLhcdr Island. 11p B, K. Ememn 

an<l J .  H. Iaprv. 1m 7r pp., L pis. 
WP 195, t lnr lc~l1!1,1 rralcn nt Mi-wsrl, tlrrlr gmlnpr and iililimtion, by Edmnrd .Qhcparrl. 1W. 

EI PI,., a PIS. 
WB 199. Unrirgnmnd wmfcr In S m p W  atrrl r ~ i i # r a l  WIqflpr v a l l m  I ~ I I ~ ,  hy Ci. B. Rlehardtnn. 1907, 

S t  Iql , t plr, 
WS 215. G c o l u ~  mlid water mmrm o! r p-tttnn v i  the YIrsouci River V n l l ~ y  in nnrthmaern 

54-tmr*tn. 3)s 1:.  F. Conqlnt. IW - pp.. 11 PI-. 
YS 9ER, rim~loayantl wnrcr rr?mlrlurnl I hc Rcp\tblkwn Rlrrr l ' k l l ~ ~  in Kebrnska end ndjaccnt nrena, 

by 4 ;  E r'rmdm. 19G. 71 pp.. 12 rrlr 
B $17. f~ l !mlnr i ry  mlrhrlnn 1 hcS*nm Marinilil ~l istrtr l .  Funt* B~rhamFnunty. Cal. by Halph Arnold 

~ n d  ItuIwn A n r l ~ ~ n .  ~!qr?. d7 pp.. 2 p l r  
BBlR. pm,locy nt nll nrlll Rav tlcld*. III St~r~lm-uvlllr, Rowritqtorvn, and Clajnrllle ~1ledrengEea Ohio, 

!l'H Vl r~ in l r~ ,  n111t Pr~nrt*~lvnflln, try !I. T. ~:clvwcrl~i um.l Ji. J.  nlllrrn. 1907. 198 pp., 13 pla. 
B a9. 5umrnnq a:i c-onlar l l~n~ l w ~ r * ~  u l  ~rrtt-inn R n w ~ ,  by M. I,. Fllller. 19%. - pp., 7 ~ I J .  
B 320. Tlra Duwnrolvn dirtrlrt t r l  Icndvtllp, i:nlo., hy S. F. I.:mmonq and J. D. Irving. 1 W .  7.5 p p ,  

3 1.1s. 
B El. Geulowy and oil r e ~ u r m  ol thc Pun~ln~r l i~nf i  Airtrlri. Panin Rarham Counly, Gal., by h l p h  

An>~!d.  1Si. W l  Irp~. ?ii 

R'3n. OeoFwy end oil Rsnurcoa of thc Sarltu Mmrinnll district, WIIW Barbam Cduntr, Cnl., b>+ Ralph 
Atnolll nnrl Hotwrt Anr1rn;tln. I?r!li', l o \  pp., 2lZ p1q. 

Fl 3X. The A r k u n w  r n ~ J  tielll, by A .  J. f'hrtller. with rcwlrta nn ihc pnleontolo~y, by David White 
and ti. H. Girt y. lW7, - {rp., ti plu. 

B a?i. Cec~lwic recorlnulmnar In the hlktl~~nliakn nnd Talkeetn~ IrnplIna,4!'Stdne~hig~ end Adolph 
Kl~ort. 14(1;. 71 pp.. 4 plla. 



GFXIDXICAL ,-FEY PGRWCA77OSS OX AUSKB. 

1m1. 

RWKLL, I. C. ,%mount of an e m i t i n n  to the Yukon Tallev in IR89. In Eleventh 
Ann. Hepr., ~ l t .  1, 1891, pp. 57-W. Extract fmrn Profewor R n w l l ' n  mna- 
plrtr report 11) Hull. (;enl. R r .  Amen=, rol. 1. IPW, pp -1 62. ( f i a t  nt 
nlwk. J - A r r ~ l u t ~ t  of an exwtion tn the vicinity of Monnt Ft. Eli= in 1 M .  In 
TsvIfth Ann. Itept.! p+ 1 ,  1?P1, p M I .  .i full  report 01 thi* expplfi- 
tion sae p u l ~ l i ~ t t d  In hat G q .  gag., ~ d .  3% li(!32, pp. %%2(1::, Glut of 
eturh.) 

1892. 

~ L L ,  I\-\'. II., end HARRIB, G. D. %mmary of kmowledp of Kemme peolw of 
hlupln. 111 rornlntiun Pttpw-Xmxne: 81111. Xo. &A. 18!+?, p r  "-3 t P-LW, 

 HAY^ C. \!'. Amount of enpdition throw11 thp Yukon iliptrlrl. In ' h~mwt~t h 
Aan. Rept., t. I, 1HW pp. 91-W. ?L cornplet~ w ~ r t  rrm pul>lisllPd In 
Hat. Gmg. >rag., vd:?  1892, pp. 117462. :Out of rtmb. 

1P93 
RUBEELI* I. C. M n d  expedition to Mount EL E l k  in 18R1. Jn Thirtmlh =Ann. 

Rept, pt. 2, 1893, pp. 3-91. (Out of e-tmk.1 

1896. 

DALL, W. 11. Rapod on cod w d  k n i t 0  of Almkn. In Reventemnth Ann. &pL, 
pt. 1, 1895, p 7G3-W6. (out of atnck.) 

Rmn, 11. &. Glscirr %& nnd ita plwicrs. In Pixteenth Ann. Rept, pt. I ,  IW, 
pp. 41Wtil. Out nf stock.) 

I'Pxuxurr, C. I)., Ilirertor. hooonnt of an invdpation of the v l d  ant1 ma1 ~lcpomitn 
W E  rrouthwn Ahka.  In Seventeenth hrin, hcp~., lit. I, I H W ,  pp. TrlCW, 
(Out of rtork.) 

1897. 

W A ~ ,  G. O.. Dircrhr. Account nt a reconnalmnm of tho pll dlatrlrt ot L110 
Yukon region. I n  Eighteenth Ann. Hept., pt. I JHRI, 111'. :I?-54. 

I m. 
Bmrra, t;. F. Recrmnaimnco of the polri flclrl~ of snrlthrril Alnnka, with wiiie 

now on prnpral pdwp. In Ei~hteuntii Ann. Riqrt. pt. :l, IHRH, 1111, I-Htl. 
8- 6. E., and Gm)n~ii-K, H. H .  GPOIDKY of the TU~OII  KntA district, Alwkn, lay 

JMah Fdw~nrl Sflrr; withan inlrdurtrlrv ~'httpler o t ~  tlbt* f l i ~ b ~ ~ ~ ~ l r l  tlorl- 
dition of ttbr di~tr ivt  l~fli ,  by I IaroIaI ~ h a c t ~  ciuodricti. lo bipl~teenth 
Ann. Repl., pt. 3, l8W, pp. H7-SUE. 

W m 1 C ' .  I?., Ihrrrlor. Acvoant~+fo lwmt iomin~hla~k~in  18RFI. InNjn~kent l l  
A m .  Hept.. pt. 1, I H W ,  OU "1, I l t t lF  I .  (041t af pt tr tk , )  I'r - :" Map of Blmka, ahox ing knowti m r -burltip rocku, with tlmrriptlva h x t  mnhlnlng 
sliekher nt t h ~  pqgxp l iy ,  prvilaryv, nlrrl golrt ~ I I * I ) I M I ~ H  111111 mute* irr t h t l  
prllrl tirldr. I'rrpnn'tl 111 ~rc~~~rrlnr~& with I'trldir. Ktwcllution No. :2 nf tho 
Fiity-fift 11 Co~~rrvr-, er>rtmcl HVWIO 111, al>prnvc-~ l .Iirniir~sy 31, IHPH. Printrr! 
in Z I ~ B  ~ : r ~ g w u i r i ~  uurl llr~ritittp t l  ~vcairrn ( t f  t Ftc* I'nitraal Stutrs ( ;POIORII*A~ Fur- 
r e v *  Ww\iitipoti, I). t'.+ IN!)*. 44 l> , 1 mnp. ti H rvcin! [tt~l~limtinn. 
Tl;e dritrt wt-rc6 ,,rough t tnpr l l~r  Iry !. i< Enllnane, silirrl Ily I!'. I f .  J>all 
allti E'. ('. Scl~ratler, (Out t r f  ~ t a ' k .  ) 

lrn. 
W ~ u r n ~ ,  C. D., Ih'rcrlor. Account nf npmttonn in 11 Imkr in I8P&W. I n  Twentieth 

A 1 ,  1 ,  1 2 :  7 ,  1 (Or~totrrtock.) 
Map and dwr ip t i cr~~s  o mum o[ t.xy,lnmtiol~ i r t  A l w k ~  i~ 1 M 4 ,  w.i th genemi infor- 

rnntion r.trrhce~ninpl r he 'l'a*rritury. I Tvn il~qfi in ~ t c r n r n p n n ~ i r ~ g e n r r l n ~ .  3 
T'rrpnral n~~crrnlaric~r wirll  I'uhlic Hpsa~Zr~tinn 311. 25 c r f  the Fifty-liFfh 
('ot~yrp~r, t liir11 P~P-inn, n~)l~rovtrl Iiarr21 1. 19'lg. J'rintwl in the PnEr::v- 
ing an11 prir~finp ciiviriur~ r!f  t llc rnilnE State9 UeologEral Sun r y ,  \!'nsFl- 
itlgttrn, 11. C., IR!i!). I:M pr., 10:majxr in ncctrmpangin* pnvrlo ,\ 
wptvi~l p~~hii~alien~.  (htlfri utan t i .  11. Bldridpp, Rohcrt 3111Emr. 
d .  1;. X nrr, IT. S. Pwt, \T. C'. Ftenrlrnhull, 1;. ('. Fchtaalpr, JT..J. Petem. 
r l .  I-I. l?rrluks, nnd E. r. H ~ r n a r r l .  (Out of ptmk.) 

\*I11 



PUHLTCATIONS O X  ALASKA. IX 

1900. 

~ A K R R  >~\IARCCR. Almk~tn m p h i c  namee. In %en--ht Atm. Rept., pt. 2, 

' 

in1.111ding a r iw~r ip t io r~  r d  the  ;urpIler deplsits of the u p p r  ii'hite and 
T~trialin rivrw. 111 ' r \ ~ n t y - f i r ~ t  Ann. Re rt pt. 2? l!nm, pp, :l:iI-:$!41. - A n~r~rnrmiwrn~~rv in the T~ ta rnn  anrl \vttitr k ~ e r  taq~ns ,  . \ ~ s ~ l i ~ ,  irl IHHR. 
It1 ' r a r r ~ t ~ v i t ~  Ann. I l q s t . ,  ~ l t .  7, 1~900, pp. 425494. (Ont of ntlwk. 1 

E I . R R ~ ~ ~  1;. 11. ,\ reronihni~-anrt. in the Siwbltnrt Imsi~~ ant1 arijacent t ~rritnry,  
,llapka. i t i  1x9s. 111 Twt.ntirth Ann. Refi., yrt. 7, 1WH)rI, pp. 1-2!k. 

G ~ ~ s t l 7 ,  IJFXI{Y. .\lttttclle~ l r i   l la ski^. Bull. No. 169, 1900, 13 p 
J I E X T , ~ : S ~ A I  I,, I\'. C. X n ~ ~ j n n a i r . * 1 1 ~ 1 r ~  lmnt K w ~ ~ m t i O n  Ray to ~ k e  Tamna River, 

Alaukn, in 1n:rH. 111 Tn et~ti~tlr Ann. Rppt., pt. 7, 1M0, pp. 2tI.%fLIO. 
Dmw, C ) r r \ w .  :\ muirknaipurmrc nl thr rh i t i na  K i w r  .and the Hkolai 3Iouutnlnn, 

-4lonkn. In Terntc-Hwt Ann. Rept., pt. ? , ~ R M , ~ I ~ . ~ W Y - ~ M .  (0ittorntnt.k.) 
PCARA~ER,  I;. c'. f i  r~vat t~~~:qiwat~tv  oi ZI p r t  oi &in(v \ t"i l l iat~~ sn11n11 ~ 1 1 1 1  t l i ~  (;o11+ 

Iwr llivrr tli~tril.t, .\ Imka, in FRUS. In Twentieth Ann. Jkpi., pt. 7, 11IIH), 
pp, 341-42:L ( 4  h t  f > i  p t ~ k . )  - Pn*lin~tnsry w p r t  rln n rec~nt~na iwce  s;Lonp the Cbandlar a r ~ d  Knyuk\rk 
r l v p v ,  , \ I I I U ~ R ,  it1 JSI!M. In Twenty-first .\M. Xkpt., pt. 2. Ifi(n\, pp. 441-Mi. - find I~IIIKIKC, .\. 11. l'wlin~inary report or] t h ~  Cape Nrrme polrl rwi r~n ,  
Aln-kn, witkt nrep ~ r i r l  illlwtrrltionrr. I V r ~ ~ h i r l ~ ~ ~ r i ,  G n v ~ r n n ~ w ~ t  Prilllir~g 
I lflir.+-, l?HlO. ME lip., 3 m:\p, and I!) pl?. .I cpwial frul vlic.nt~rm. 

firnnn. .I. E, ,I nronnai~mrirv  in pr>ut hewtern lneka in 189s. In Twpnti~th .\rin, 

1901. 

R a o o ~ s ,  A. H. An orcllrrenm of dmrn tin in tho Fnrk myion, Alaska, In 5th-  
cml lhounsw nf t 116 1'. S. fa hr ICMK), 1 R)1, 1q~ .  !??i-?,I. I 'ult i iuh~l nlm as 
a ranll~mtr. Ifwhin@on, l;nrernrn~rit I'eintir~p 6 jlTrre, 1W1, 3rr . r  sntl 
11p. 1 ". - TIIA real rmoumnl "illt~ktl, I n  Twvntyennd ;\nn, f ip t . ,  lvt. 3, IWl, 
pp* hl:h57l. 

-, Rrcrr ARIMY, 4;. R., and & l , ~ l l f ~ ,  A. J. A m n n n i m n t v -  of the C b p  S6~trie 
an11 ~ t l j w ~ i i t  p t t l  RCEIIH of %i(.~vnnF f'mir~~lrlrl, .\ l a . 4 ~  ill 1:Ynl. I n  n qw-ifil 
y~t~t,lirritirrri r i t t i t lr~l " fi~tr.curr~naiwar~rr*~ in 111th (',~p. Xnlrnlp s1111 Xr~rtnr~ l i ~ y  
rrpions, Alaska, in IntXI." I V ~ w l i ~ t ~ g t ~ w ,  4 ;nvernrilmt I'rirlt~nc C~Rlc r .  \'3bl, 
pi,. 1-1MI. 

MEMDFNHALI., W. C. A m n n ~ i m n t v  in tllr Snnnn D~ty ~ i n n ,  -4l~mka in IW. 
In a p p c i a l  pu l~ l i~ .n l i r~ t~  c-ntiil~rl " Ilrco81neikun!hr+w i i t  tilt- ( ' q w  Snine an11 
Nortnn Bny region?, Alwkit, ITI IM " Irtwhin~frtn. r ; n r c ~ m ~ ~ ~ r n t  f ' r in~ir~g 
Oflice, 1901, pi}. 1R1-215. 

B ~ F ~ C A R A ~ ~  F. C., n r ~ d  SPEWKII. .\. I: TJIP p l n p y  ~ n a l  ~ninaml m t i m  of A p r -  
tion of tlw I'ryrp-r River alirtrir-t, .Ilarkn, h r f w - i ~ l  p11)lirat icrn. Il'adl- 
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