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MINERAL RESOURCES OF ALASKA 

GEOLOGY OF THE FRESHWATER BAY AREA 
CHICHAGOF ISEAND, ALASKA 

By ROBERT A. LONEY, WJLLUY 1%. CONDON, and J. THO~EAB Dmm, J~L  

me Freshwater Bay area comprises about 140 isqunre milea in the northe& 
ern mrt: of CMchagd Island, mutheastern Alaska. A seqawce o f  Palwoic 
rocks more than 24,000 feet thick is divided 4nta 5 formations, 4 of which are 
named for the firsst time. From the base upward the u n i b  are: unnamed argil- 
lite an8 graywacke (Silnrtan ('?) or Devonian ( ?) ), which are more than 5,000 
f t  thick ; Kennel Creek limeitone (Middle Devonian) , which consists of fm 
aillterous limeetnne that average8 abont 3,500 feet thick ; C d n r  Cove format ion 
(Middle and Upper( ?) Devonian), which cornis& of graswacke, nrgIllite, con- 
 lom me rate. and fossLliiemus lirnwtone that are abont 2,g00 feet thick ; Freehwater 
Ilny formation (Upper Dmonhn), which coasista of greenatone, rhyolite and 
andesite ffowa, pyro?lastlc rocks, and a ~ o d a t e d  ~edimentary rocks tbat are about 
8.,500 feet tblck; and Iyodeen %rmatlon (Missisejppian), whlcb eansim of f o e  
dliferona cherty limestone and shale tbat are abunt 4,500 feet thick 

A po%sfb1e unconiormity l i ~  between tbe annamed arglU1te and gray-waeke 
and the o~erlylng Kennel Creek limeetone. Unconformltiw occnr bath at  the 
base and at the top of the Fm@hwater Bag formation. 

Five deepmeam plutonic b d e s  intrude the Paleomlc rreqnence. Tbdr age 
can be determined no dmer thnn post-late M f ~ s l p p i m  and pmaternary. 
n o  of tho flve plntona are 4 Wuam miles er mom in area and are quartz mon- 
mnltic to gmnltic In compwitlon. remaining 3 3 e  lem than 1 mile Bqnare 
and am dioritlc to quart& dlorltie In compouitlon. me plubnrr have abrnpt 
brderm and narrow cantact aareolm. Nmr the anit here named the quartz 
monzonite, minor marginnl thrust fanlta in the surrounding mnntry m k  are 
directed away from the IntrueIve b d  y at Mgh angles. 

At #some time atter the dgroaltlon of the f~r~ukeen  Iormatlon and Mm tbe 
deposition of the Quateroarg nncons61idntd deposit$, the Paleozoic rodm 
folded h t o  a major sontheaatward-plunglnR nyndine. Folding was foUowed by 
igneous Intmalw and the development of n hult system. A tenbtlve order of 
erents, after the initiatrou of folding, is : ( I )  eostwnrd-striking lefblaterd fault- 
ing; (2) plutonic intrusion accompanied by marglnnl throat faulting; 13) north- 
westward-striking, right-lateral faulting; (4) soutbw&ward-direEted thrnst 
tsnlt ln~.  

C i  



Freshwater Bay is on the northeastern part of Chichagof Island, 
one of the larger islands in the northern pnrt of the Noxmder Archi- 
pelago of southeaskam Alaska. (See Q. 1.) The area is accsssible 

F I u m  l , - h d a  map of muthenstera Alaslu ohm lmt fon  ot F*ahWa& Bay a m ,  
Chlcbam Inland. Alaska. 

by boat or sircraft only; no roads exist. Thn nearast settlernenh 
Tmakee, is a fishing viUaga about 8 airhe mi l s  mnthwest of Pavhf 
Harbor, a small she1 tered andlorap on the south shore of F&water 
Bay. 

The a m  mapped ~~~~~~s a h t  140 square milea am? hdndw 
the western quarter of the Sitka IN3 quadrangle north of T e n a h  
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Inlet and the northern two- thirds of the Qitka fl.4 quadrangle. The 
w t h w a s t ~ r n  limit of mapping extends f mm a point on Tenakee Inlet 
about 2 miles sontl~west of East Point nodwest to a pabt about 8 
miles south of the northwest corner of the Siltka I34 quadrangle. 
About one-skkh of the Freshwater Bay area ~ts dekad is m v e d  by 
water. 

Major topographic featurea mhow B ~trong northwestwad orienta- 
tion, which is a direct expression of the structure of the underlying 
mks. Most prominent of these featuree is Fmhwatsr Bay, which 
exteada from Chatham Strait northwestward for about 13 mileg. Al- 
though about 2% miles wide st its mouth, this feature h p  to l~ 
than half a mile wide st its head. A Iow broad d l e y  continues the 
trend of Fmhmahr Bay northw&mard to the weatem border of the 
map. 

Freshwater Bay is surrounded by momtainoua tarrain, composed 
chiefly of long rounded northwestwad-trending ridges with aome 
s110rte~ transverse northeastwad-tmnding ridges. The r i d p  aver- 
age abut 2,000 feet in altitude with several @ reaching 
3,000 feet. The high& point in the q with an altitude of 3,395 
feet, is on the first ridge north of the head of tha bay. Hem is 
the maximum relief, because the sonthem slope of the ridge rises 
directly from sea level. 

Stream valleys are generally namw with the exception of the broad 
valley at the head of Freshwater Bay, in which the Forth Fork of 
Fmhwater Creek flows, and the valley of Iyonktng Cmk near the 
northeast corner of the map area. A11 the major valleys are U-shaped, 
indimting fomw mlley glaciation, and the valleys of Pavlof River, 
Kennel Creek, and Seal Cmk, sntering Freshwater Bay, appear to 
be hanging ahat  100 feet above sea Ievel. 

Fmhwster Bay, along with muthaastern Alaska, in g e n d ,  has a 
mild dimate and abundant precipitation. Bmum no weather sta- 
tions are locat4 either within the area or in adjmnt northeastern 
Chichagof Island, the clirnstic summary below is taken from U.S. 
Weather Bureau data recorded at Angoon, Admidty laland, about 
30 airline miles to the southeash and at Juneau, about 35 drline miles 
to the northeast. Although these stations lie outside the immediate 
vicinity of the Fmhwater Ray a- both are at sea level and in gen- 
e r ~ l  the data from them indiate the climate to kw expected within the 
region. 

M p i  tation is distributed &her evenly throughout the year with 
Septemhr, October, and N o m h r  m i -  the great& amount and 
Mray, June, and July receiving the least. 



Summm are ml and winters mild for this latitude as indicated 
by the summary as follows : 

Tmpemtwe summ~y, in dsgtees Fahenheit, jar Iks yeare 1831-66 
. .. - .- 

The Freshwater Bay area is heady fo&d except for the tops 
of the b h e r  r i d p .  W&em hemlock and Sith Bpruce dominated 
the denm vegetation beIow timberline, which ranges from 1,500 to 
2,000 feet in altitude. Above timberline, liclms, credges, mosses, 
and ~ t t ~  slrrubs replace the tRZler vegetation of tlla lower aI- 
titudes. 

FREVIOVS ~ C f A T I O m  

Most of the wntributions to the *logy of the Freshwater Bay 
area were published 'before 1912. Since that time, and until the 
present work was undertaken, field inwstigations hsve been conlined 
Ja~gely to the apaum deposits at Iyoukeen Cove. 

Prior to 1912, C. W. and F. E. Wright made extensive recon- 
naimnm esplarations in w u t h ~ m  Maska. M t s  of these in- 
vest.jgatjonq published En R m k s  and others (1906, 19Q'T, and 1008), 
contain reconnaissance p l o g i c  maps of southeastern Alakm in- 
cluding the shorelines of t,he Freshwater Bay area. The reports, 
most1 y by C. W. Wright, deal largely with th0 gypsum deposits st 
Iyoukeen Cove but alm mnhin mmments on the geology of the 
rocks adjacent to the depa~its. 

The first definitive work on the rwks of the lhwhwater Bay area 
(Kindle, 1907, pp. 3 1 U 3 7 )  presents li& of fossils colIectd fmm 
strntn at Frmhwater Bay together with brief lithologic descriptions 
and age correlation. The paper W ~ B  based on a reconnaissance of 
the area by Kindle ~ n d  C. W. Wright in the summer of 1905. 

Knopf reported briefly on the m k s  along the north coast of Chich- 
agof Idmd (1912, p. 11,123. 
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GEOLOUY OF THE FRESl3WkTER BAY AREA a 
AE a result of fieldwork in 1917, Rirk (1918, p. 511-515) l i d  a 

conglomemte at Fmhwohr Bay among those of sontheastern Alaska 
mgarded by him as example of possible Prrlgozoic tillih. T h e  con- 
glomerate in the Cedar Cove formation (of this report) northwest of 
Kennel Creek on the southwest shore of Freshwahr Bay may bs 
theoneb which hereferred. 
In add%on, Kirk (1927a, 19276) reported a new pe1qpad genus, 

mllectad from the thick limeston8 (described m p. C13417) exposed 
on the southwest shore of Freshwater Bay. The limastone is named 
hemin the Kennel G m k  limeehne. 

Buddington and Chapin (1929, p. 80,84,94,fO&, 110,315) included 
the Freshwater Bay area in their summary of the geology of South- 
eastern Alaska, but the information is based largely upon the investi- 
gationa, both published and unpublished, of the earliar workem 
mentioned above. The major northwestward-trending ~ p c l h o ,  whose 
axis parallels Gypsum Creek northeast of Freshwatar Bay, was called 
the ''Freshwater Bay ayncline" by Buddhgtm and Chapin (1829, 
p. 316). 
B. I). Stawart examined the gypsum deposits at, I y o n h  h e  in 

1928 and mporbd briefly on t h ~  status of the minw thm (in Smith 
1932, p. 178-175). 

Fhl ly ,  the investigation of the gypsum deposits at Tyoukmn Cove, 
by Flint and Cubb ( 1953) in 1946, was c o h d  to the area immediate1 J 

adjacent to the gypgum deposits. 

The pmsmt work waa undertaken in order to provide detailed 
stratigraphic and structural information as m aid to the recomais- 
sance mapping of southeastern Alaska. 
The Fregl~water Bay area was selected for stndy h u m  it conbins 

one of the most complete and relatively undisturbed htigraphic 
sectiona in sou theastern Alsska. Tho  real distribution, mtigraphy, 
and petrography of the rwk units, together with their structural rela- 
tiam, were gtudied in sufEcient dshil to p m t  a mb~rent picturn of 
the geology, Unconsolidated surficial ddepositg mm not studid 
in detail. 

MI field mapping was dona at a scale of 1 : 63,360, on U.S. Geological 
Survey topographic quadrrrngles Sitka (D-3) and Sitka ( M I ,  with 
the aid of 1 : 40,000-sale vertical aerial photographs. Geologic con- 
taots were exhded and refined in the office by sterrsoscapic examina- 
tion of th.he aerial photogmphs. 



In June 1938, J, Thomas Dutro, Jr, W. H. Condon, md Robert A. 
Loney spent a total of 21 days mapping the shore outcmps and making 
fossil mlle*tians. 

From June 21 to August 4,1957, the country inland from the ~hore 
was mapped by Robert A. b n e y  and W. J3. Condon. Trmwporta- 
tion into the interior mas fmiIitatd by the use of ci  helicopter based 
on the Geological Survey motor v-1 #.&pika R. Capps. The heli- 
copter carried field parties to .and from the high m t r y  abovs timber- 
line, whim t t v ~ r w  were made on foot. 
In general, the grade d e  of Wentworth (1922, p. 877-392) was 

used in the dwcription of the grain size of frwgrumtal ixdirnentary 
rocks, and the terminology of Wentworth and Williams (1932, p. 
19-53) wag used for pymclastic: rocks. 

Thin swkions of mpragentative & types were studied by standard 
m i c m p i c  methods, Ln addition, cut rock sudms wem stained, 
using the sodium coMtinitrits method, to  determine the mount of 
patassic feldspar. Plagioclase composition was determined, where 
possibla, by the rehctive index of crushed fragments in high-dis- 
persian oils, using the method of Ernmons and Gates (1948, p. 612- 
618). In addition, the copper nitrate s h i n  method (Rodgem, 1940, 
p. 787-798) was used to distinguish between calcite and dolomite. 
X-ray defmtiun methods were used im determine the mined  eompmi- 
tion of a few specimens, when m i e m p i c  methods produced indecisive 
results. The X-ray date were interpreted by Juliw Schlocker of the 
U.S. Qwlogicd Survey. When there was a need to snpp1ement 
optical data, specific gravities were d ~ ~ e d  by meens of a Berman 
balance. 

Ernest H. Lathrum, Henry C. Berg, and Xhurice GmEm of the U.S. 
QmlogimI Survey provided dab on the stratigraphy and distribu- 
tion of rocks along the northern and western boundaries of the map 
a m .  

BEDDED ROCK# 

Bedded roclcs mnging in age from Silurian ( f ) to Lab Mississippian 
are folded into rs southeastward-plunging synche, the F d w a t e r  
Bay synche, which underlies the entim map area. The composite 
mtion r m p  in thichm approximately from 18,600 to mom than 
24,W feet (table I). 

A medium- to thin-bedded argillite, graywacke, and slate sequence 
crops out Jong the west and north shorn of False Bay and northward 
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along Chatbm Skmit at the n0d.h- corner of the map a m .  Thess 
mch f o m  a mtinaous be1f sbout 1 to 2 miles wide, that stretchas 
along the northeast mnst of Chichagof Islmd drom Chatham Strait 
northwestward to the entrance of Port Frederick, rr distance of about 
22 miles. 

The srgillite and p y w a c k e  qumce underlies ran area of d i m  
topogmphy including Iow, broad vallqs and, I d l y ,  high r i d e  
The lowl~nds are underldn largely by rargillih, whereas the rid- 
are mrnpoeed of interhdded g m y w ~ ~ k a  and argillite. 

Argillita, p p a c k e ,  and conglomerate form discontinuous ex- 
posures along the muthwest border of the map area. These rmlq 
tentatively correlated with the dastic saquence at False Bay, are 
poorly known owing to lack of exposures and stmcturaI complexity 
resulting from the emplacement of the large pluton in the drainage 
area of Pavlof River and Kennel Creek. 

T m  l.-Uom#108tte #&don for the Presb~dw Bay ape& C h k h a g g  XaFaal, 
Ahaka 

8ytsm or m h  

& u a m a r ~  

upper 
Mfasiasippbn 

h w e r  
Mimissippian 

Formath and m e m w  

Unnamed 

Unconformfty 

b s s o r r m  

Unconaolidabd alluvial, glacial, 
and colluvid deposits; chiefly 
gravel, sand, silt, and talm 
debris. 

Limestone, dominantly dark- 
gray, thin to thick-bedded; 
contsdne dark-gray nodular 
chert l ems;  lithostrotionoid 
corals, solitary corals, and 
brnchiopods common; top is 
empione1 surface. 

Phale, dark-my, nonealcamous 
to ealcareoua; gradea into 
dark-grey yrllow-weathering 
shaIy I i r n d n e  to northwest; 
conMas brachi~pods, carals. 

Limeatone, dark-gray, thin- to 
medium-bedded; sparse dark- 
gray chert bsds; contains 
hrachiopods and corals. 

0 .- 
u 
~4 

E 
0 
U 

a 
8 

R H 

UPF: 
Devonian 

ThlPlm& 
(Wtl 

2, OOtb 
3,- 

I 

1 50e 
750 

M t L  
W3 

Volcanic and mdimentary rocks 
consisting of greenstone, 
rhyolih, and andesite flows, 
tuff, and breccia- minor 
amounts or gmyuaoke, argil- 
litr and limestone; brachro- 
pod faunule in upper part, 
northwest of map area a t  
Port Frederick. 

upper 
limestone 
member 

Lower 
limestone 
rnernbr 

Unconfonnity 

' Freehw~ter 
Bay 

f ormetion 

Unconformity 

' b z  



TABLE l.-Umpo&ta a e c t h  for the Freshwater Bay area, Ult=agoI I a W ,  
Ah#kdontinned 

S T B A T T ~ A F ~  m pmooammr 
F M  BAY AmA 

StratigmtphicaIIy, the argilIita and gray wacke at False Bay a p w m  
to be the oldest rock unit in kl-m map area. No bwa is exposed within 
the area or to the north and west along the northaast cuast of Chi- 
chagof Island. Structuml complexity w the west shorei of False 
Bay md lack of exposures inland obaure the ~tratipphic relations 
betwean the dominantly graywacke sequence north of fyquktug C d  
and the dominantly targillite sequence south of the creak. Similarly, 
the mlation between the srgillih and the Kennel Cr& limestone on 
the south shore of Fdsa Bay is not clear. The argillite-graywacke 
beds along the we& shore of False Bay have been sub jetted to small- 
scale folding and faulting, m e g  acour8te measurement of strati- 
graphic thickness difficult. Thickness estimatw of the gragwacke 
and argillitie unit mge from 5,000 feet to 6,000 feet, depending upon 
structural interpmhtion. These must be cansidered minimum thick- 

because only the upper part of the formation is exposed in the 
Fmhwater Bay am.  
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QEQLaCfP OF TBE FRESHWATER BAY AaEA a 
The dominantly grbywacke sequence at Falm Bay consists of more 

than 3,500 feet of alternate beds of dark-gmmish-py and medium- 
light-gmy thin-bedded chloritic ta caIcareous fine- to medium-pined 
arkosic gsaywacka and gmykh-black well-indumted slightly id- 
careons argillite or d a b  Beds range from 0.1 ta 1 foot in thick-; 
the pywacke  beds am usually 2 or 8 times ns thioIc lras the argillite 
beds. f lnt0 ia common but is pnemlly canfined to  Imnl a- of 
intense folding; most of the fine-grained well-bdumtd argillaceous 
rwk lacks cleavage or any other regular structure md i9 called here 
argillite. 

The pywacko displap graded bedding, convolute bedding, mall- 
scale crossbedding, flute mists, and d r ~ g  marks. Each graywacke bed 
grades upward from coawer to finer p i n  size and, impermptibly? 
int, the argillih M above. Small-scale crossbedding w h  range from 
0.5 to 1 inch thick Gonvolnte; bedding, ms defined by Xuenen (1953, 
p. 105~10!58), is appamntly confined to the upper h e r  p i n e d  part 
of each p p ~ c k e i  bed. Bed sale rnnrkinp, similar to those called 
flute c~sts nnd drag mark by Kuenen (1957, p. 935-2481, were ob- 
samed in m e a l  places. 

AFtarnate medium-light-,.gay calcareous and dark-greenish-py 
chloritic Inyers am characteristic of the graywacke. Although these 
layers are roughly parallel to the bedding, several sets of xltern~b 
light-mlod and dark layers may occur within a single @ed qcIe. 
The light-colored layers are generally pdominmt. 

!I%e graywacIrs is h e  p i n e d ,  for the most part, and the grain 
size ranges from 0.0625 to  0.4 mm. m e  median falls in the mnge 
0.0626 ta 0.195 mm (very h e  sand size). Sorting is poor; mmr 
p i n s  are rmspendd in a h e r  matrig and rarely touch one another. 

Component percentages in the dark chloritic layers, based on v i d  
emtimate in thin mtion, am: qnarh, 50 pemnt ; plq-iocllaae (Ans 
and An,,-,,), 20 prcent ; biotite, 1 percent; and matrix (chlorib, iron 
ore minerals, clay minerals) 29 percent. The grains in the dark 
layers range from mgdar to submgular. 

Similar estimates in the light-colored calcamus l~yers are: qua*, 
35 percant; plagiodase {h6), 6 percent; biotite, 2 pemnt; rock h g -  
manta (chloritic volcanic rock, quartzite, argilIite, diorite) ,2 p a a n t  ; 
and matrix (c~lcita and minor chlorita, quartz, clay minerals), 55 
percent. The grains of quartz and pleoclrrse are stmngly corroded 
and ernb%yd by the calcite of thematrix. 

The greater amount of matrix in the d m w s  layam, as compared 
to the chloritic layers, may be due largely to the dution of quartz 
and fldsptw grains concomitant with the precipitation of calcite. 
Accurding to C o r n s  (1950, p. 51), the precipitation of calcite in 



aqueous solution m u r s  under alkaline {high pH) conditions, wlcllereas 
d i m  goes into solution in a similar environment. The frayed quartz 
and feldspar p i n s  have hen  observed embedded in calcite mratrix 
ody and therefore rmgwt, in R p r n e n t  with Correns' ~onclusionq 
that condibions favorable for calcite deposition are favorable for 
silica (and silicate) solution. 

The aource of the calcite is not known. The c a I ~ m u s  layers paral- 
lel but do not coincide with sedimentation units (graded cycles), 
hence the migration of calcium carbonrtte-bearing aqueous soln tions 
-into the layem is probably postdepasitional. In order for the migm 
tion to produce widespread uniform layers, the rock or sediment must 
have had p d  pemmKility. If the dark chloritic layers without the  
calcite repremnt tho normal graywacke, their p m n t  lack of permea- 
bility mgpta that migration of cnlcium carbonah-bearing soIutions 
occurred before the p m n t  stage of lithifiation. 
In most m k s  having 8 g a i n  size in the gand range the dmk- 

gmnish-grny chloritic layers wntain tb poorly sorted assemblage of 
fragments in which unstable constituents (feldspars) constitute 96 
percent or mom of the total. The frqnents are embedded in matrix 
composed of chlorite, iron-ore minerals, and day minerals. The tex- 
ture and composition of these m h  conform to Pettijohn's (1957, 
p. 301414) dehition of a gmywacks. In addition, owing ta the 
high faldqmr content (20 percent or more), rocks of this type may 
bA called high-nmk pywacke ( w i n s ,  1948, p. 147-1 53) or arkosic 
graywncke (Gilbert in Williams and others, 19% p. 291-997). 

The predominant calcit e-rich rnafirix of the medium-light-gray 
layers does not conform to Ithe composition of a typical graywacke 
according ik any of these definitions. BBCBUSB the m k  is considered 
to be nn alteration of the typical gmywacke d d b e d  previously, it 
may be called a, calc&mous graywacke to indicate its origin. The 
tsxture of the mlc&mus l~yers, if the mmded quartz and feldspar 
p i n s  m restored to hheir original detrital shape, is identical to that 
of the typical chloritic graywacka layers. In addition, the c a l m u s  
layem exhibit the sam sedimentary stmctnm (graded MdTng, flute 
casts, small x d e  embedding, and drag marks) 8s the typical p g -  
w acker. 

The predominantly argillite sequence mpad along the west &ore 
of False Bay, south of the month of Iyouktug Cmk, is cornposed 
largely of grayish-black and dark-gray thin-banded calcnreous 
argillita. The black and gray bmds range from 0.25 to 1 inch in 
thicknm and appamntly represent bedding. The c~ lca~eous  e r ~ l -  
Iite overlies the grnywacke sequence descrihd previously. Estimates 
of the t h i c h m  of the argillite range from 1,600 to 2,500 feet. 
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In general, the argillite and gray made unit has a uniform appear- 
ance over R wide area in northeastern Chichagof Island. The mla- 
tively great thickness (more than 5,000 ft) of altemte beds of 
argilfite md graywacke indicates an environment in which deposition 
varied rhythmically for a considerable length of time;. The extensive 
lateral and vertical development of this environment and the dominant 
dark gray and green rocks, indicating probable reducing conditions 
(Pethijohn, 1957, p. 359), suggest deposition in a suhsidiag marine 
trough. 

Because the argd1it.e lwks structures, which might be inteqmted as 
indicating current action, it probably was deposited below wave base 
by the s~ttling of h e  material in reIatively quiet water. The gray- 
macke, on the other b d ,  charackristidy exhibits current-formed 
Fjtructares such as small-scal~ crossbdding and convolute bedding} 
md thus must have been deposited in s zone of considerable current 
action. Both the argillite and gmywacke beds are thin and maintain 
relatively unif o m  thicknesses across even the largest outcrops. This 
feature suggests deposition in quiet water. It S B B ~  unlikely that the 
sea tottom waa periodically raised into the rough-water zone above 
wave base for the deposition of each graywacka bed and then lowered 
below wave base for the deposition of each argillite bed. Mom prob- 
ably the graywwke beds represent pepidic inffuxes of ammar material 
into quiet water below wave base. It is ttppamnt f mm the abundance 
of -fine matrix in the graywacke that the cumnts that depposited the 
p y w a c k e  must have been muddy. Thw muddy currents were too 
dense and tm viscous to allow the separation of the clay-size material 
from the coarser s i w  but were flaid enough to permit graded bedding 
and cumnt structures to form. Rapid transport from the source. 
area to  the place of find deposition is indicated by the presence of 
unstable mineral typea and a lwk of p i n  roundii. 

BOrl'KWE8T OF OpEFIRWArnB BAY 

The sequence of argillih, gmywacke, and conglomerate underlying 
the Kennel Creek limestone southwest of Freshwater Bay, is probably 
correlative with the argillite and graywacke sequence at h 1 m  Bq. 
Thesa clastic rocks crop out in a discontinuous belt southwest of the 
outcrop belt of the Kennel Creek limestone in the first major ridge 
southwest of Freshwater Brty . Because the base of the elastic sequence 
is not exposed in the map area, the true stratigraphic thickness is 
not known. In addition, structural complerrity and la& of good ex- 
posures prevent a valid mtimtbte of minimum thicknw. 

Tlzs high country between Kennel C m k  and the South Fork of 
Freshwater Creek contains the best exposures of the clastic sequence. 
Here the dominant rock type is brownish to light-gray very thin 



bedded highly indumted noncahreous argiUib. Beds range from 
0.5 to 2 2chm in thickne~~. The argiUite grdw imperceptibly into 
hornblende-biotite hornf els near intrusive igneous contacts. 

Conglornemb and pebbly graywacke overlie the argillite and form 
thaZupper 100 feet of the clastio quence.  The conglomerate, which 
directly underlies the KenneI Creek limestone, consists of well-rounded 
boulders of light-gray leucocratia medium-gray chert, and 
medium-dark-gray argillib embedded in a very sparse medium-light- 
gray noncalcarews arg i l l i ~  matrix. The boulders average 1 foot in 
greatest dimension. Medium-gray fane- to medium-mined pebbly 
p p b e ,  in beds ranging from 2 to 3 feet in thickness, underlies 
the conglomerate. 

O O F d ~ M W T E  AT ULBT POfAT 

A dark-greenish-gray massive wdl-indurated pebble-to-cobble con- 
glomerate is exposad along the shere of Tenakee Inlet southmast of 
East Point. (See sec. I of pl. 2.) This wnglmerate is corn@ 
of rounded pebbles, cobbles, and, in a few places, boulders as much 
ns 6 feet in p t e a t  dimension embedded in a dnrk-greenish-grq 
medium-grained grapacke matrix. Tha average grain size of the 
coamr fragments is aboult 2 inches. Fmgmental types observed tlra : 
dark- and medim-gray fine-pined volcanic rock, light-gray medium- 
graind leummtic granike, dark-gray slate, dark-gray fine-grained 
graywacke, and dark-gray chert. Igneous rock fragments compriw 
about 60 percent of the w a r n  fraction. 

The lower contact of the conglomerate is covered by Ten~kee Inlet, 
whereas the upper contact with a massive limestang, tentative1 y corm- 
later wj th the Kennel Creek limmtone, is well exposed. The contact 
is irregular and may represent an unconforrnity, but owing to the 
lack of observable bedding in both the cong1omerate and the limestone 
no dimrdance of bedding was obmwd. Differential compaction of 
the wnA;forner&tB may haw caused the irregular upper contact,. 

Largo blocks of limestone, mme 6 feat or more in greatest dimension, 
similar to the overlying limastone, occur in the upper 25 feet of the 
conglomerab. The conglamerate appears to have flowed plastically 
around undeformd limeekone blocla m d  therefore indicates that the 
consolidahd limestone blocks were a m p l d  in unconsolidated g-m~el .  
Conglomerah deposited on A rugged limestone terrane might contain 
~ueh  blocks, The present limestone outcrop may represent a topo- 
graphic high on Buch a W a n e .  The conglomerate has a minimum 
exposed thf chess of 600 feet. 

The conglomerate nt East Point is tentatively correlated with the 
upper part of the dmtic seqnenee underlying the Reme1 Creek lime- 
stone in the ridge 2 miles west of the mouth of Kernel Creek, but it 
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may repmsnt oonglornemtic lens within the Rmel Creek limestone. 
In view of the uneedainty of wm1atim, the ~onglomemte is shown 
tw A mparate unit on plah i. 

No fbssila have hen  mUecte,d from rocks definitely assigned to this 
mit within the map area. The rock types are similar to those af a 
formation mapped along St. James Bay and west and north of B o ~ t  
Harbor, abut 40 to 50 miles north of Point Augustrt. North of Boat 
Harbor, gxaptolites (Monograpm) in gray-black calcareous slab 
indicate PL Middle or La& Silurian age. The slab from which the 
graptolites were collectsd raernblea th8t cropping out at False Bay. 

The data, argiIlite, gmywacke unit appears to lie unconfomably 
beneath the Kennel Creek limestone in the southwestern part of the 
map area. In the vicinity of Hoonah, about 20 miles west of False 
Bay, this unit probably lies unconfomably below equivalents of the 
Kennel Crack limestone. 

A smdl collection of fossils was made from one of the limestone 
boulders near the top of the conglomerata ~t E& Point Gastropods 
dominate thia small ammblage and have been assigned a, Silurian or 
Devonian age by Ellis Yochel son, who states (mitten communication, 
Augusk 1960) : 
The collection mnbim abundant fqeclmena of CoelowuAs. T h i s  Enditah a 

mid-Paleozoic age bat, after mmparlmnm with avnllable M m n m  co11ectIons 
nnd the literahre on the genus, It is not m l b l e  to toindicate a preference for 
ETiIartan or Devonian age. 

The thick fodiferons limestone sequence typically expwd on the 
southwest shore of Freshwater Bay both mutheant and northwmt of 
the mouth of Kennel Creek is here rimed the. Kennel Creek limmhne. 
Tt is underlain by the unnamed Silurian ( ?) or Devonim ( P)  argillite 
and graywacke sequence and is overlain by the Cedar Cove formation. 

D-'UTIOIP AND TOPOOIUZRIO ElkPBEB15IOR 

The K m e l  C m k  limestons is e x p o d  on both l i m b  of the Fmh- 
water Bay syncline. Southwest of Freshwater Bay the limestone 
forms rr prominent ridge trending west.ward from Eaet Point. This 
ridge loses its identity in a structurally complex area south of Pavlof 
Harbor, juet beyond the map area, The ridge-forming outcrop of 
the Kennel Creek Timastone reappears by faulting at the south end of 



Cedm Cove and extends northwest as a prominent ridge ranging from 
1,500 to 8$26 feet in altitude. 

Nofth of Fmhwater Bay, the Kennel Creek limestone also f o m  
prominent ridges. Sonyakay Ridge, ranging in altitude from 1,500 
b 3,000 feet m d  -ding from Chatham Strait northwestward for 
about 6 miles, con8id.s largely of Kennel Creek limestone. To the 
northwest the limestone is exposed as a series af prominent peaks on 
transverse northeastward-trending ridges. 

IFRATIB- 

Although the Kennel Creek limestone overlies the Silurian( 8)  or 
Devonian ( ?) argillite and afaywacke q u e n w ,  the nature of the w n -  
tact is not known. At the type ~ection nmr Kennel Creek, the lime- 
stone wtion % terminated at the base by s frtult, Complex structum 
and poor exposures prevented determination of tha nature of the 
lower contack in ather mas.  The irregdnr contact between the mas- 
sive limestone and underlying conglomerate st East Point suggests 
a d i d o m i t y .  B.BORUS& of Bparseness of fossils and lack of good 
expasums in the East Point area, the cornlation of the m&ve lime- 
stone with the K m e l  Creek limestone and the underlying conglom- 
errate with the Silurim(9) or Devonian(!) clmtic wquence is onIy a 
hntative one. 

The Kennel Creek limestone grades upward into the Cedar Cove for- 
mation. The top of the Reme1 Cmk limestone is arbitrarily drawn 
at the b of the low& interbedded limewne and graywwke unit 
of the Cedar Cave formation. Below this contact, the nppe~ part of 
the Kennel && limestone mnsise of thin-bedded limestone with 
very thin silieous very fine grained tuffaoeous partings, 

The Kennel Creek limestone ranges from more thnn 2,200 to 5,000 
feet in thicknm and av8m.g~~ a b u t  3900 feet thick. Bwause the 
lim-ne is very maasive in some localities, an accurate determina- 
tion of the stmctural attitude and effect of faulting could not be 
made ; hence, thickness mea-mts were not obtained. 

Medium- to light-gray medium-grained thick-bedded to massive 
lim&me is a prominent rock type in the lower part of Kennel Craek 
limestone west and north of the type Iwality, but is not present at the 
type Imafitg.. The more rn~sive lower park forms large structnrelm 
bosslika rnrtssee on the ridge crests and peaks. The limestone is nearly 
homog.eneoua and grndes into white medium- to coarse-crystaIline mar- 
ble near igneans intrusions and in places along the zone of the South 
Shore f d t .  The absenm of the lower massive sequence at the type 
locality is probably dua to the major fault that cuts off the lower part 
of the tgpe mtion. A high cliff corn@ of white sheared limestone, 
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c o n ~ u o u s  with the outcrop of the lower part of the meamred type 
wbion southeast of Kennel Credq may reprasent, in part, the lower 
massive pmt of the KenneI C m k  limestone. (Sea sec. 3, pl. 2.) The 
lawar massive pmt elsewhere appeaps to m g e  from 1,000 to 1,500 
f& in thithickxless. 

Another k i d  of rdc not represented at the type locality, but pres- 
ent in the lower massive limestone sequence elsewhere, is rt pinkish- 
gray ~ - t . e x t ~  medium-crystalline dolomite. The dolomik 
oocm in beds ranging from 20 to 80 feet in thickness scattered 
sparsely throughout the lower rnakve part of the formation. Bemuse 
the dolomite is less resistent ta erosion than the normal limasbne, it 
forms saddles and plleys in many places. The dolomite has scattered 
pores ranging from 0.26 to 0.5 mm in diamebr. In contrast, the 
normal limestme typically hhas a low porosity. Under the rniwmcops 
tha dolomite appears as intmpwths of subhedd rhombic dolomite 
crystals with a minor amount of reddish-brown iron-rich materia1 
disseminated throughout the thin section. The copper nitrate 
[ C U ( N O ~ ) ~ ]  &tin methd (Itodgers, 1940, p. 181-798) indicates that 
them is no calcite p m n t .  T'he amount of insoluble residue obtained 
by dissolving the dolomite in warm dilute hydrochloric acid was 
negligible. 

The type section of the Kemd Creek limestone is given : 

Type m%tm of Kmnef Creek knt?8fOW abnfl fhs beach 1rowI a p o f d  &out 
0.75 nrCb sorrlhewt of #he m W h  op Emnel Creek to  a pofnt a w l  1035 rnIIe 
W h w f  of the same week mouth 

M a r  CoPe formation : Thtokneas 
Inwemoat nni t : (feet) 

LLmWone and maswacke: light- to mediam-mny wry the 
grained to snblltbographle limeatone interbedded with me 
dim-grsw f l n e m n d  mapaeke: beds 1-2 ft thick ; gray- 
wacke 20 pmwnt. ( Bee  section on m a r  Cove f mationa. ) -- 60 

Kwnel Oreek limestone F hmmplete) : 
18. Limestone, grayish-black, zlne-gr~ined ; platy beda generally 

less than 0.1 f t thlck sewmtd by light-greenish-gray siIiceous 
very me grained tuff hmleae: a few yellow-weathering 
chert b e 8 ~ - - , - ~ - - - - - - - - - - - , , - - - - - - - ,  4B3 

17. Xtbestone a d  chert; rnedlum+ray me-grained platy limedone 
interbedded with tbln (0.1 R) lamInne of chert weathering 
medium grw, Ught b n  or yellow, chert -75 percent ; 
ontcrop band& in appearance ; poorly presemed Amphfpwa 
near bee ,-,,,,,,,,,,,-,-,,-,,,,,,,,,,,,,,,,,------ 346 

16. DInbase sill, greeniah-gra J, medlumeymtaUine, pyrilHieroa&,- 2 
15. Limeatme, as in unit 14; slllcifled Amphipom abundant bnt 

fewer w m e n s  in upper 20 i t  -,------------------,-,,- 88 
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XVPB a#taMB OP E-8: Cree* Zimwgtome o l w  the bmch from a p m d  ebauf 
0.75 &It% 8wthewt ol the mwth 04 Kmmt U m k  to  a p&t about 0.2s mile 
~ l o s b h ~ a t  o j  tM same wee& moutb4ontinnea 

IPhtaMwan 
Kennel Oresk b w t o n e  (in~]mpl&)-ContInaed (fee*) 

14. Limestone, grayish-black, me-graind ; be& O . L 1  f t thfCk ; 
abundant Amphipom and a few P$rcimdema; beds composed 
largely oil Amhipma make up 40 percent of unit ; AmplMpora 
sllIded to black chert; U & G I W Z B D  from upper 6 %-,- a46 

13. Limerstone, grayish-black, megrained. ; bed 0.34 B thick ; cam- 
mon A W h b m  and a few P y d ~ d e r m a a  -,,,,d-----d-------- 160 

l2. LiieBbne, dark-gray to mgish-black, very We to medium- 
gralaed; wen beds 0.3-0.8 ft thie8 ; upper 100 feet i~ sublimo- 
graphic and container abundant Amph4porln and pamible 
Pyc tndamm;  USUS-598X-P.D from base of upper $00 f t,,,-- 300 

11. Limesbne, dark-gray, he-grained; betla 1-3 i t  thick; containa 
thin chert laminae ; abundant sillciited A w h a p w t ~  -,--,-, --- 90 

10. Limeatone, aa in nnIt 11 : beds composd largely of Anaphdpwa 
make up 30-40 percent of unit; few Py&odesm; USQ& 
M 7 M D  from near top of unit --,--,-,,---,-,------,-----, 1% 

0. Limestone, &a LB int 11; c o b b l g - w ~ t h d g ;  beds 0.14.8 Zt 
thick ; AnvpMpara from upper 6 i t  17,8G%6491-SD,,--,,,,,, 100 

8. Limeatone, as in nnlt 11 ; mawive bed8 ; contain8 Pgdmode8m-- 06 
5'. Limemtone, as in unit 11. except for upper 50 ft, which ta corn- 

posed d eobbly-weathering beds 0.2-0.4 f t. thick ; AwltBpora 
abundant md a few apeciments of Pqlcefbadesmra; 40 pzrcent 
of bed4 in upper M) ft. compmed largely af dm#h4pow; 
USUS,-WM-SD from near tag of anlt --,,-,,-,-,--,,S-SSSSd 3.68 

8. Limestone breccia, dark-gray; angular fragments of dark-pray 
limestone in medium gray mblithographic limeatane matrix-- 3 

5, Limestone, dark- to medinm+ray, fine- to medium-grained ; bedn 
1-3 f t. thlck ; cobbly-weathering surfaces -,-,,,,,,-,,,, 26 

4. Limestone, as in mlt 6;  Amplsapwu and P ~ h U e a m a  common 
La top 16 ft. USGS154WSD ,,-,,,---m----------------- 44 

3. Limestone, grayhh-black, me-grained ; bede 0.%2 ft. thick,--- 25 
2. Ibemtane, dark-gray, fine-grained, maMve; A#z@h@m near 

tap h,-,,--,,,,d--,,-,-,,,----,---------------------,----- 16 
1. Limestone, dark-gray, fine-grained ; interbeddml with Light-$ray 

sublithographic Ilmembne; dark bed8 0.244 ft thick; sub 
lithographic beds 1-2 ft. thick ; about 40 percent dark+gray 
limestone ; a few breccia bed8 compwd of dark-gray angular 
Limestme fkwgnwta in medium-pray limestone matrix--,--- lm+ 

R'ault. 
Total exwsed tbidmm Kennel Creek Limestone -----,-,,,--,- 2,221 

A number of collections were made ~t the type section of the Kennel 
Creek limestone OD the south side of Freshwatar Bay. The fosai1.s 
from this formation are prdominrtntJy of two genera: Amphipmu, 
a small rodlike stromatoporoid, md P y c k a d m ,  a large pelecypod. 

Although Pyc&wdesm, originally described by Kirk (192?a, p. 1-9; 
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192771, p. 543), mas considered to be of L n t ~  Silnrhn age, it now seems 
probable that the stmtipphic significance of this genus wns 
misinterpmted. 
The only mrded locdity outside Alaska where similar pelecypcrds 

have been collmtsa is in the Gold Ril I district, Utah. Kirk (&a h'olan, 
1935, p. 21) raporhd this occurrence from beds above the St&go- 
cep* zone, which suggests a late Middle or early Late Devonian 
age. 

AmpGpm is extremely common in m k s  of MiddIe and earIy Late 
Devonian age throughout the. Western Unit~d States, Canada, and in 
other parts of Alaska. This gtromntoporoid p n u s  has been reported 
from the Silurian of Russia, hut the faunal evidence supporking this 
age assignment is either absen t or inconclusive. 

The stratigraphic evidence tlmt led Kirk to give R Silurian age 
migwmnt to the beds a t  Freshwater Brty has been reevalu&ed. 
There now seems to be no compelling largument in favor of a Late 
Silurian age for them beds, based on physical stratigraphy alone. 
The most telling ttrgnrnent for a Middle Devonian age assignment 

is tha ~ ~ c e ,  in h d s  correlated with the Kennel h k ,  of a favc- 
sitid-rugose mrwl assemblage that is of probable Middle Devonian age. 
For this ream the age of the Hemel Creek limestone is here con- 
~dered to b Mlddle Devonian. 

me seqnence of dastic md mhnab  rocks ovdying the Kennel 
Creek IhneetQne and nnderlyhg the Fmhwatar Brry formation is 
here named the Cedar Cove formation. The name is taken from Cedar 
Cave on the sotfthwest shore of Freshwater Day, near which the for- 
mation is t y p i d y  exposed. Tho type section extends from a point on 
the wegt s h m  of Cedar Cove, abut  due west of the north tip of 
Cedar Island, northwestward along the shore for a distance of about 
3railes. 

-01A d m  TO--0 -01 

The Cedar Cow formation appears to hsve a restrioted distribution 
in the Freshw5t.m Bpty area. The outcrops at Cedar Cow and those 
north- of Kennel Creek constitute the best; exposums of the forma- 
tion. G m p k e  overlying the; massive Kennel Creek limestone at 
East Point near the mouth of Freshwater Bay is tentatively cor- 
related with the Cedar Cove formation. Whetliar or not tha Cedar 
Cove formation exista anywhere west of the Kennel Creek fault has 
not beem dehmimd. The formation has not b n  recognized in the 
a m  drained by Frsshwater Creek we& of the head of Fwshwatar 
Bay. Expoam are poor in these areas, however, and it is not mtain 
that the Cedar Cove formation is a c t d l y  missing. 



Near the north border of the u p ,  near the head of Iyonktug Creek, 
an estimated 1,250 feet of thin intarbeds of argilli@ gmywadze, and 
IimesEone that overlie the, Kennel Cmk limestone and underlie vol- 
canic mks of the b h w a t e r  Bay formation am mrrebtd with the 
Cedar Cuve formation. However, poor expmms in thb ~m prwent 
the obtaining of mumh stmigraphic data. South& of this 1-1- 
ity, along strike, the Cedar Cove formation is miwing and the Ken- 
Il81 && ~ b I U 3 S h l ~  & COllttLCh ~ b h  Tdertnic m k s  of the F?Wh- 
water Bay formation; expmnes on the n o r t h w ~ t  end of Sonyakay 
Ri* show this mlation clearly. The Cedar Cove formation appar- 
ently does not mppefl~  ba the muthmst, between the northwe& end 
of Sonyakay %dm and IyauItem Corn 

Amas underIptin by rocks of the Cedar Cove formation in most 
plam mist of lowlands with a few narrow ridges. The ~nglmner- 
a h  and the mom massive limestone farm the ridges. 

BTBbTIGBbPEP Alm P E T B o a m  

The contact between the Cedttr Cove formation and the underlying 
K d  Greek limestone ap- to  be t~amitional and is arbitrarily 
drawn at the bme of the lowest interbedded gmpvmke and lime- 
stone unit. Belm this level the Kenn~I Cmk limestone contains 
only minor thin M s  of h & g r a ~ d  d&ic rocks. 

The upper contact of the Cedar C m  formation is not e x p o d  in 
the F r o s h e  Bay a m ;  however, this mnWt is probably an nn- 
mnformity ~ U S B  the Cedar Cove formation is mking in parts of 
the area. Where the formation is thinner than normal, thinning 
appmm to be due to the remomt of strata from the upper part of the 
hrrnatiaa For example, west of K m d  Craek only the lower and 
nonf~~pilifmug Ximedone unit of the upper member remains. West 
of East Point only the predominant1y dastic lower memhr i9 present 
Near tha north barder of the araa, in the headwahm of Iyouktug 
Creek, the upper m e m h  is appmtly missing. 

The md&Q at the top of the Cedar Cove is further dacu- 
mentecE by =tion 4, 5,  and 6 shswa on plab 2. h theen &om, 
mdimmtry r d m  occur in the Fneeshwahr Bay formation abut 
2,600 h 8,000 feet stmtigraphidy helm the bp. The d i m e n b e  
rock units maintain this lave1 in the three sections, whereas the barn 
of the Freshwater Bay formation appears to rise where the War  
Cove fonnatiw is thick and ta hll whem the Cedar Con is thin ox 
nonexidmt. This relation snggesh deposition of the chiefly volcanic 
& of the Freshw~tar Bay formation upon an irregalar hqmgmphy 
cut in the rocks of Ithe Cedar Gave forhuttion. 

"2718 Cdar Cove formation, at its type mtion,  may ?m divided 
into two mambers: a lower dominantly thh-Bedded argi1lit.a member 
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and an npper domimmtI y l i m b n e  member* In addition to argllfite, 
the l m r  member contains thin beds of beetone new the base. The 
upper m m b r  contains a prominent &PB unfdlifemua limestone 
at t.he base. Overlying the &ve limestone is a sequence of thin- 
bedded b ~ m w  limestme mntahing a minor number of thin 
geU0w-weathering siliceaus tuff beds. The formation has a d u r n  
e x p M  thicknem of about 2,660 feet at t h ~  type section West 
of E m e l  Creek the lower member contains abundant grapacke 
and lesse~ amounts of conglomerate; at this locality the upper fossil- 
ifemus past of the upper member is missing. {See measured section 
p. (221.) 

Dark-greenish-gmy well-indurated medium- to coarse-pined 
arkosic lithic p y m c k e  is an important rwk type in the lower member 
northwast of the month of Kennd Creek. h hand specimen, the gray- 
wacka contains pink coarse (1-3 mm in di~rneter) rounded grains 
scattered throughout and very thin black layers, parallel to bedding, 
that have a, sharply defined base but grade upward into h e  normal 
gremgraywacke. These blacklayersarecomposedof rounded pyrite 
grains and each may represent the beginning of a cycle of graded 
sedimmtzstion within B single homogeneousrapparing py-wacke bed. 
Aside from the black layers, my given pywacke  bed shows few 
indications of @ed bedding, except near the top whem grain-n-size 
decreases rapidly and medium-pimd graywade grades into an over 
lying argillih bed within a s p m  of 5 to 10 mm. 

In thin section the graywacke appears to be composed of rounded to 
subrounded p i n s  of plagimIasg potassic feldspar, quartz, and pyrita, 
with volcanic rock fragments embedded in an abundant matrix cam- 
posed of chlorih, eepidote, xecondztry albite, secondary quartz, and 
iron-ore minerals. The pink gains obsefved in hand specimen ttp 
pear to be mostly potassic f ddspar, but some may be chert. The t w  
of volmnic rock fragments are: porphyritic, m m p d  of plagimlase 
phenocrpts in a wry h e  grained chloritic matrix ; silicified, composed 
of h e  and very fine grain4 mosaics of quartz with minor plagitxlase 
crystals; and partly silicified, with h e  t d y t i c  ~~ composed 
of plagioclase microliks, chlorite, and quartz. lhhital p i m  range 
from 0.26 ta 3 mm. visual estbittes of the oompnent proantages 
are : pl&RimIaaa (An,..,, snd An*), 30 p m n t  ; potassio feldspar, 2 
percent ; quartz, 5 percent ; pyrite, 3 percent; volcaPic rock f ragmen@ 
30 p m n t ;  and matrix, 30 percent. 

The pdominanoe of unstable components (feldspars and rock frag- 
ments constituting more than 60 percent of the rock) smbdded in an 
abundant chloritic matrix ag~ees with Pettijohn's (1957, p. 301-314) 
definition of a p y w a c k a  The high preen- of feldspar ( m t e r  



than 80 percent) places this m B  among. &pine's (1948, p 147-153) 
high-rank graywacke. The high feldspar content and the high per- 
c e n t ~  of unstable mck f r w e n t s  (30 percent) classifies this rock 
as either volcanic graywmka or ss argasic Ethic graywacke according 
to Gilbert (in William and others 1954, p. 291-294). 

The type section of the M a r  Cove formation is given : 

Fypa #sot- of the Cedar Cove fomethn from the M e  oT tfie aotrthzoest s A m  
of U d a r  Uoae lkortlt and m a t  slow egaatcth ahwe of Preehlaatsr Reg to a point 
south oofwa  t &of Wead Rsddm Island 

Waterline, low tide : 
Cedar Cove formation (incompkte) : ThtoR;n#nr 

Upper member (incomplete) : ( f e d )  
11. Dolomite, medium-gray, angarr, and a few bda  of 

g r ~ - s e l l m  fine slliceaus tuff; beds average 1 f t  
thick --,,,-,-,-,,-,,------- - - - - - - - - - - - - -  85f. 

TO. Limmtone and doIomite; dark-gray flnegralnd he- 
stone InterMded with medium-gray me-grained 
dolomite; contains a few yellowfsh-wn flue- 
graLned tnft Iamlnse; beds 0.5-1 f t tblck ,,-,-,,,,,, 92 

9. Limestone, dark-gray to &&-black f l n m i n e d ;  
b d s  0.1-0.7 i t  thlck TJBQS--648MJlh-,,--,--------- 61 

& Limestone md dolomite; dark-my h e -  to medium- 
grained limestone iuterbedded with light-medium- 
gray yeflowSsh-brown-weathering very fine grained 
dolomite in beds 0.14 ft thick; cofalg abundant S 2 7  
f t  above b a e  of anft U8Gb-8D -,,-------,,-, 6!2 

7. Idmestone: interbedded light-mdlnm-gmy trm dne 
grained and medium-dark-may rnedimnmined 
limestone in M s  0.1-1 i t  thlck ; strwnatoporolds 12- 
18 f t  a b a e  barn; iavositld, tbamnoporold, and clad* 
proid mmZs in lower 12 i t  IWQS 54S8D -,,,,,, 20 

ft. Covered ; ~lcatfered outcrow along ~ M k e  Indicate rmit 
mostly Ilmestme, an In unit 7, pmbnbly lncludfng a 
W 5  R sequence rR light-Mown very the lqralnea 
masgive to crossbedded orthoquartzite, near top of 
interval,,,,,,,-,,,-,,,,,,,,-,,----,--,,---,----- S0O-I- 

5. Marble, white coat-tnlliae, fracto& ; &dish- 
brown Iron-rich carbonate vefns; mt by a l W  maY3c 
dIree-,-,,,,,-,,,,-,,~-,-,------,-,-------- 4002 

Total espwed tblchese of uppw member ,,,,,,,,-,,,,-,--- 1,160-)- - 
Laver member : 

a -nit@, interbedded dark- and Iight-gray; beds 
0.25411 in. thick ; dark beds thicker and diwontinu- 
o w ;  mt by gorphyrItIc maflc dike ,,,,,,-,,,,, 1003. 

& Covereif; ntratigraphlc thicknmg qneMonahle owing to 
probably folding- -,,,,,,,,,,,,-,-,,,---,------h--- 700f 



Cedar (3we fom~tIon I tncomglete)iContin~~ 
Lower mermber--Gontbned T h i t h m  

(f-0 
2 Argilllte and Ilmesbone ; rnedinmqpny f~3iceoIts a-b 

interbedded with lightrgrag very &w graW lime 
stone; be& 0.5-1 in. thlck; cut by dark-greenlah- 
gray altered mAc dikes and pills --,,,,,-,,,,--,- S00+ 

L Argillite, medium-Zighbgray and greenfahgray, elEghtlr 
cnlc~reous ; thinly interbedded in beds 0.5-1 in. thlck ; 
cut by dark-greeni~b-gray altered maflc dike8 and 
ma -,---,-,,-,,-, 400 

Total thichesp of lower membet ,,,,,,,,,,,,, e s p e s p e s p e s p e s p e s p - - - -  1,5iM* - 
Totrrl cqmd thickness of the (Jedar Cave iormatlon ,,,,,,,,,,,, 2, M O +  

-el Creek Ilm-ne: 
Marble, whits, m a d  ye, sstpIoUti~. 

To the weSt of the type locality a less complete swtion was m e m d  
along the southwest shore of Freshwater Bay. 

Covered, probable fault. 
Cedar Cove formation (ineompleb) : Thlckneas 

Upper member : (I&) 
20. Limestone, medlamm, me-grained. mamlw ; contains 

gparee nodules and etdngem of light-gray c h e r L , - , - ,  40+ 
19. Covered ,,,,,,,,,,,,,,,,,,,--------------------- l90 

Total meemm thlckneas of nppes member, -..----,-----, W+ - - 
h w e r  member : 

18, Conglomerate mad m a c k e  ; mdnm-gray pebbTe an8 cobbIe 
conglomerate interbedded with dark- medtam- to coarsp 
psaInwi crossbeddd pebbly gmywacke; beds 1-15 f L  t.; 
Irngmente In coogtomerate inclnde dark-gray fine-grained 
bnsalt, porpbgritic bamlt, light-gray lencocratie granik and 
quartz; matrlx k medium-nafned graywacke ,--,,-,,,,, 43 

17. Covered; groywacke blocks in covered Interval ,--------, 40 
16. Grnywacke and limestone: dark-greenkh f ine to medImn- 

grained gaymacke Interbedded with medim-gray h e -  
gmInt.d Iimestone ; bed8 0.E-1 St. Wck ; 20 percent limetone, 5 

16. araywacke, dark-green, medim-grained, graded bedding; 
beda 0.14 R. tbIck-,,-,--,,--------------,--,,,,--,,--,, 20 

14. Gragwacke, dark-green, medium-grained; Interbedded with 
thin yellow argflllte laminae; beds 0.5-2 It. thick ,,,,-,a, 1b 



a2 MLYEXhL RESOURCES OF ALkBgh. 

c3edas Cove fwma~on lincomp~eh)-6ontLnued Tk(0knm 
lhwer m e m b e ~ n t L n n d  IlcW 

IS. Limestone, grayish-bfaa finegrained ; interbedded wltb thin 
siliceous laminae; Limestone beds 0.5-3 Pt. t h i c k  ,,,,,,,, , 20 

12. Qraywacke, red, ierraginons, medl urn-grained : platy beds 0.1- 
0.5 it thlck-----,----,-,,-,,--,,,,-,,,,,,--,-,,,-,-,,,, 5 

11. Greenstone, dark-green, mmedlnm-rrgstalPlne, amygdaloldal ; 
calcite amygdnPes,,,,--,,,,,-,-------,--,--,-,--- 40 

10. Qraywacke or tuft, d a r k m n ,  medinm-&rained; beds 3-5 
ft. th l~k- , - - - - - - , , , - , - - - - - - , - , - - - - - , - - - - - - - - -  45 

9. C o v e M  - - - - - - - - - , , , , , - - - , - -~~ - - - - * , - , - - *  no 
8. Llmmtone, gragish-black, Pine-grained, maaalve, nodular ; I l c  

regular siliceous arglllit@ beds around nodular limestone 
masses ,-,,--,,,,,,,,,-,,,~,,,,,,-,---~~~,~~-~~ 25 

7. Limestune and grwwacke, grayish-black, con* and fine- 
mined ; interbedded with dark-green metifurn-gsalned gray- 
=eke; limestone beds O.IC1.5 2 t  thick; graywacke 
composm 30 percent nf $eds,,,,,,-,,,,-,,,-,-,--, 45 

8. br$I11Ite and graywacke ; greenish-yellow argilllte laterbeaded 
with green flnemained graywacke; bed8 of g~oywacke 0.5- 
2 ft. tbkk ; argillf te 0.8-1.5 fL tthck ,,,,,,-,,,-,,,----,--, 10 

5, Qrapvacke, dark-greu, mdlnm-grained; contain# a few 
pebble layere; M a  1-2 ft, thick ,,,,,-,,,,,,,,,-,---,---, 75 

4, Oraywacke and argilUte aa in nnlt 6 ---_---,---,----------,- 10 
8. Graywncke aa in unit 5 ,,,,,,,,,-,,,,,-,,,,-,,,,,,,,--,,,, 3!! 
2. Covered -,,-,,--,-,,-,,-,,--,-----,,*-----*-"--- 05 
1. Limestone and graywacke; light- to medlum-gray very flne 

grained to mbllthograpblc Hmmbne interbedded with 
medium gm@n finegmined g r q w ~ o k s ;  beds 1-2 ft. thfclr; 
grapwacks 20 percent --,--,-,,,,,,,,,,--,,-,,,,,,,,,,,- 00 - 

Total meamred thlcknwjs of lower member -,,,,-,--,--,,-,,,, ,,, %MI - - 
Total meawrd thickness of Cedar Cove Torm~tion ----,,-,,-- ,,,, 880 

Limestone beds assigned to the nppr part of this unit are very fos- 
siliferoua. A wide variety of mgma corals, tabulate corals, and 
strom~topmids have been collected at several localities jn and neRr the 
type mctjon. 
Aa d e h d  in this repart, the Cedar Cove f~formakion contains several 

rock t y p .  In the amtion north of K m e l  Creek the lower part is 
dominated by grayw~cke and mnglomer~k. Graywrccke ~s ld  lime- 
stone beds occur both above and below the conglomer~ta in this wetion. 
Along the south side of E m s h w ~ ~ r  Bay the clnstic phase is repre- 
sented by a quartzite. The wml-bearing beds lie above the clastic 
m k  in this Wuence. 



Ths f a d s  sre of typee found elsewhere in the world in beds of 
similar facies that mng in age from lab  Middle to early Late Devon- 
ian. Clastic layem within ths werIyhg Freshwater Bsg formation at 
Port Frederick contain fossils of late Frasnian age, giving an sffa- 
tive upper limit for the age of the Cedar Cove. For purpow of this 
report, this formation is tansidered of Middle and Uppr ( a)  Devo- 
nian age, since it could b ppoasibly as young tw early Late Devonian 
(early Frasnian). 

The thiak rnuence of v o l d c  and interaalated sedimentary m k s  
mlying the M a r  Cove formation and, in places, the Kernel Crwk 
limmtone and underlying the Iyoukma formation k here named the 
F d w a t a r  Bay f ormatioa 

The type locality is near the had of Freshwahr By ; here shore- 
line expomres conbin rock - which are considered ehadr i s t i c  
of the formation. 

IUBmm3mm Axn T 0 M ) P O Q ~  -ox 

The rock- of the Fmd~watar Bay formation form a n&h&ward- 
treding belt of e x p o r n  averaging about 2 milw wide at Freshwatsr 
Bay, on the ~#]uthwwt lhib of the Freshwater Bay synclina. The 
mkmp belt widm ta mom than 3 miles to the northwest neRr the 
west margin of the map area, On 'the northeast limb of the sgnclina, 
the. outcrop bdt maintaina a width of a b u t  I mile fmm the head- 
wahm of Wukddook Creek northweward. 

For the most part, the mks of Freshwater Bay formation are non- 
d t  anand u n d ~ r l i ~  n l l ~  and low ridges. Freshwater Bay and 
the brosbd valley continue to trend nortllwestwad and are largely 
underlain by the volcania rock of this formation, 

Both the upper m d  the lower contacts of the Freshwater Bay forma- 
tion appear to mpmmnt unconformities. The evidence for tho lower 
mcunformity is l q I y  stratigraphic. Different bsds underlie the 
F m h w a r  Bay formation in different PI-. The Cedar Cove 
form~tion is the mderlying formation on the southwest limb of the 
Frashwater Bay sgnche, whereas on the muthwest dank of Sonyakay 
Mountain, on the northeaskern limb of the syncfine, the Cedar Core 
formation is missing and the Fkhwater B R ~  formation lies directly 
on the Kennel Creek limestone. 
T h e  eontact of the Freshwater Bay fomtion and the overlying 

Iyotrk~en formation appears also to be mmnformebl e. Bedding at- 
titudee at the top of the Fmhwnter Bay formation are disclordant 



with thorn of the limestorte near the btw of the Zyoukam formation 
in the few place9 where the contact is q m d .  b o v d  of beds bg 
erosion from the top of the Freshwater Bay formation is d31cult to 
d e m w h b ,  becrruse of the highly vnriable nature of the volmnic 
rocks. 

The Freshwater Bay fomlstion is estimated to rmge in thihess  
from about 6,500 feet nmr the mouth of Freshwater Btty to about 
5,000 feet near the head of the bny, but it is believed to IM complicated 
considerably by faults. h the northeast limb of the Freshwater Bay 
synche, it is about 4,500 feet thick near the head of Wukuklook 
Creek. The formation may thin eastward toward the mouth of the 
creak but does not crop out there h a u s e  of truncation by faulting. 

Bectaw of abrupt variations in the rocks of the Freshwater Bay 
formation, their description js divided below into two parts: (1) rocks 
on the southwest limb of the Freshwater 'Bq syncline, and (2) m k s  
on the north& limb of the Fmshwahr Bay syncline. 

B O ~ T V E I I ~ L L Y ~  DFBZF23HWAB BAY BYRCLnrE 

The Fmhwater Bay formsltion on the soutl~west 1 imb of the Fsesh- 
water Bay syncline is composed of ~oIcanic flows, td, b m i a ,  and 
R minor mount of water-lnid volcanic dimentmy m k .  Although 
the strata vary widely in charwtar, for descriptive pu- they may 
be divided into a lower mnstone  memhr, B middle rhyolitic mem- 
ber, and an npper mdesitic member. T h e  members c m  b m g n i z e d  
on1 y in the ~ m m d s t e  vicinity of Freshwater Bay find do not apply 
to the northeast limb of the Freshwater Ray ~ g n  dine. 

The lower greenstone member is exposed along the mthwsst shore 
of Freshwater Bay from Enst Point nortl~wwtwarcl to W~chusett 
Cova and in a relatively narrow be1 t northwest of the mouth of I l ~ m ~ e l  
Creek. It ranges in thickness fmm &out 8,000 feet near Wachusett 
Cove to about 1,800 feet northwest of Kennel Creak. Bemum of the 
lack of marker beds within the mqmber, it is not W b l e  to distinguish 
changes in thickness due to faulting from those due t~ deposition. 

Ail t,hough the rock of this member is generally dark p y ,  it ~eatl lew 
to a cl~nmchristic dark greenish gray, which is an indication of nlter- 
rstion. The greenstone seems 20 represent alhred mafic volcanic flows 
rather thnn pyrocl astic rock, because i t  is mther homogzneous and (1 is- 
p l ~ p  no clastic texture. Moreover, m k s  mgptive of pillow and 
columnar str~ctums m u r  in this member. lin most places tlt? flows 
are massive and have indistinct boundaries. 

Upon exrrmination of thin sections, the original minerals appear to 
have hen almost complelel y a lhed  to sericitq albite, epidote, chlor i ta, 
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calcite, and iron-om minerals. Some of t h ~  rwk is porphyritic and is 
composed of sericitized and albitized plagioclasa phenucrysts, aver- 
aging 6 mm long, in a fine-grained groundmass of seridtized feldspar 
laths, granular epidote, interstitial chlorite, fine anhdral albite, clots 
of mlcih, and dismninatsd iron-ore minerals. One thin section con- 
tains dots  of chlorite suggestive of relict rnafic phenocrysts embedded 
in a gmundmrtss similar to that described previousIy. The feldspars 
&re sa h e l y  divided by sericitization t h ~ t  accurate identification and 
diffsrentitbtion from possible mndary albite is not possible. 

Because the original rock types cannot be ~ O I Q R  with certainty but 
were probably rndc  in composition, this rock is called &ree&ne. 
The tam "penstone" is usad hem to demribe an o r i p d y  mafic pol- 
mnic rock altamd to a suite of secondary minerals ohamcterized by 
abundant chlorita, epidote, and, in some places actinolite-hornblmde. 

The middle rhyalitic member is exposed from the north headland of 
Wao11umt.t Cove to Cedwr Cove, on the Redcliff Islands, and near the 
head of Fmkmater Bay on both sides of the mouth of Freshwater 
Creek. 

TlGcknws ranges from about 1,500 feet near Wachuwbt Cove to 
about 1,200 feot at the head of the bay. In  contrast ta the underlying 
greenstone member, the rliyolitic: member is generally light wlored, 
bl~in bedded, and highly variable. Colors are predominantly shades 
of red but, include lewr amounts of purple, green, and gray. Mast 
of tlm red-weakhering m k s  are also red on a fresh d a c e ,  bnk in a 
few places the fresh rock is light m y ,  with the redl color limited ta 
the surface. 

Although most beds range in tl~ickness from 2 inches -to 2 feet, ct f eJw 
beds 10 feet or more in thickne~ were observed, 

Pyroclastic rock predominntes over flows and ranges from posibl>le 
'LweIdsd7' tuff to volcanic graywacke. la addition, a few small intru- 
sive igneous bodies, presumably of shallow origin, are wnsidsred to 
ba clmly associated wit11 the Freshwater Bay formation volcanism 
and are theref om described in this section. 

&TO& of the pyndastic 'ock is rhyolitic tuff and b m i 4  but t I ~ a  
compositjon of fragments and matrix ranges widely. The tuff grds 
into valmnic p y w a c k e  and differentiation htwwn the two r o d  
kype..r is difficult. Althotlg1.1 it is beyond the scope of this work to 
describe the many writitions of composition and text- in the p y m  
elastic rock of this member, a few representative types are dwribed 
as follows. 

Among the many mlor oo~nbinations am: p~le-red fmgrnenb in 
dark-md matrix ; dark-red fragments in pale-red matrix ; rnoderata 



omge-pink frsrgments in dark-greenish-gnsy matrix; and dark-red 
fragments in dark-red matrix. Typical fmgmant~ m : hewed 
sj 3icifigd rhyolite, partly mqskallized chert, quartz, albite-oligmlase, 
p M i c  feldspar, and W e d  argillite. The fragments from 
I= than 0.05 mm to more than 300 mm in diameter, but most frag- 
ments range frwn 0.5 to 4 mm. The fragments dm range from 
rounded to angular. 

The typiml rllyolitic tuff is dusky r e  finely b d e d ,  and well 
indumted. It is gmyish red on fresh sllrfsces and c0nt9ins dudq 
red-purple submgdar argillite M e n @  mnging in length from 1 
to 10 nm, scatbred in a &%-grained thinly laminated matrix. In 
addition, the m k  appeam in thin &ion to consist of slightly rounded 
euhedral orthoclase and quartz crystal% avemging 0.4 mm long, mt- 
tared in a he-grained cloudy iron-rich quartzofeldspathic matrix. 
The matrix is composed of fine angnlar *en@ c r p t a . 1 ~  of qua- 
nnd feldspar, and fine f~agments of argillita. Although the p&rticlee 
of tha matrix are wmfllonly oriented snbpamllel to bedding, they 
bend around mamr fragments in a l n a ~ e r  ang@ng compwtian. 
Visual1 y setimated component percentages am : ortl~oclsse grains, 20 
pamt;  qua- grains, 10 pemmt; argillite grains, 5 percent; imn- 
ore minerd grains, 5 pemnt ; and makrix, 60 percent. 

Volmnic grrtywmket much less abundant than txff, in typically 
d 1 1 e  yellow pan, wall indurated, medium bedded, and 
grained, h thin section it appears to be rump& of m b m d d  
to mbtcngular grains averaging 9 mm in #patest  dimension; the 
grains, however, rn p r l y  sorted and mng from s u b m i m p i o  
to 8.5 mm, Major mi~stituents are: very h e  grained volcanic d 
frap;menta consisting of mrniopwpe material, feldspar mimlitea 
nnd chlorite, and partly sericitized plagiwlw laths ranging in m- 
position from hn, to AnIa. Minor mnstituents are: quartxitic re- 
crystallized chert and chloritic, quartzitic siltstone fragments. All 
the m i n s  are emMded in a very fine grained cloudy micmwug 
matrix cornpad of chloritg and inter1ayere.d illite and montmoril- 
lonita, The composition of the matrix was determind by Julius 
SchImh,-er of the U.S. Geological Survey by X-my defraction math&. 
Visual estimates of the component percentages are : p1aS;o~lase grains, 
35 percent; rock frngments, 50 percent; and matrix, 15 pmt. 

Recause this rock contains abundant volcanic rock fragments em- 
bedded in a well-indumtsd micams-chloritic &rix, it is m l ~ c  
p y w d e  in the classification of Gilbert (in Willims, md athm, 
19F;4,1>. 891-994). 

Flow rock is apparently lesa abundant than pymclastic mok in the 
rhyolitic meanher, but no precise statement tsbout the relative a h -  



dance of the two t y p  can be made, owing to the dii%culm of dis-  
t~~ betwwn them in tha field. Without exception, the lighb 
gray fglsitio rook &owed d a d c  texture upon d i o a  of thin 
mtion. No generalization as to w i b l e  corre1ation b t m n  color 
and texture can b made, however, bemuse of the lack of d&ld 
~ P W *  
In hand pcimem, the darker hued mch-rhyoIite flow rock is dark 

reddish gray ~ n d  contah fairly abundant palmed feldspar phen6- 
crysts, averaging 2 mm long, embedded in s dark-red aphmitio 
pmdm- In thin =tion the rwk appears to be c o m p d  of 
partly xegorbed ddml ghenmysh of microperthitic pot~&c feld- 
spar in a he-grained pnnlar  pmdrnass of qua*, p o W c  felds- . 

par, d i e  plagimlase, mhedral ,mni&-ydlow axld dark-greenish- 
blue pleochroic mdic mpl~ihle, calcite, and ion ore mineds. The 
plagimlase, limited to the groundmass and perthitic intergmwths, is 
df icd t  to determine aecurrrte'ry. Visual estimates of component per- 
centages are : feldspar (including potassic feldspar and plagimlase) , 
30 p m t  ; qua& and plqioclas~ in groundrnltss, 25 percent; die 
amphibole, 25 pemnt ; calcite, 5 pemnt ; iron om minerals, 15 percant; 
and sphanq tram amounts. 

S e v e d  mall igneous bbdies intrude the mh of the rhyoIitic mem- 
ber. Two of the k g e &  described as follows, am smal l  pluglike 
bodias whose true outlines are unknown becaw both am largely 
m u 1 1 d d  by wabr. 

7 3 ~  Iarger of them bodies, forming Gedar Island near the middle 
of the muthwwt shom of Freshwater Bay, has a minimum diameter 
of 1,8800 feet. The massim outmop weather to a mottled d u e  yel- 
low trnd grayish olive greeo, but the rock on fresh surface is p n i r i h  
pay. 
In thin &ion, the rmk appears to be composed of mhadml pheno- 

crysta, averaging l mm long, of partly sericitimd albite-twinned 
pIagiwlm ( h r A n , , )  and partly chloritized augite in an indistinct 
altered porn- oompod of pfagimlase, patassic feldspar, sari- 
cite, &dote, chlorite, and iron-om minerals. The ratio of p1agiocla.m 
.to potassic M&pr is about I :I. This mineral amiation md hx- 
Eure m q p s h  a vogesite lampmphyre (Williams and others, 195.P, 
p. 8692). 

The srmtller M y  of the two studid forms a namw low mky is- 
land about '100 feet long and 200 feet wide nmr the southwest shom 
of h h w a b r  Bay, about 1% miles southeast fram the mouth of 
Freshwater h k .  The Iong dimension of the island trends north- 
wwtward, a h t  pardel to the strike of the bedded rmks. In hsnd 
~ F h a n ,  the rock 19 massive, medium crystalline, and pde rad with 
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dark-green patches on a fresh surface. It weathers pale-reddish 
brown. 

In thin section the rock appears to have an intergranular texture 
composed of subhedral albite-twinned crystals of plagioclase averag- 
ing 0.5 mm long, slightly larger anhedral plates of potassic feldspar, 
and clots of chlorite, calcite, and iron-ore minerals forming pseudo- 
morphs after euhedral amphibole crystals. The strongly cericitized 
plagioclase ranges in composition from An5 to Anl5. The potassic 
feldspar is strongly altered to kaolin and sericite. The ratio of 
plagioclase to potassic feldspar is about 1 : 3. In  composition and tex- 
ture this rock resembles a vogesite lamprophyre (Williams and others, 
1954, p. 84-92), but the high degree of alteration precludes a definite 
classification. 

Upper andeeitio member 

The upper andesitic member crops out along the northeast shore of 
Freshwater Bay from the cove due north of Cedar Island northwest- 
ward to the head of the bay. The total thickness cannot be measured, 
because the contact with the underlying rhyolitic member is covered 
by the waters of Freshwater Bay and the alluvium of the valley ex- 
tending northwestward from the head of the bay. The minimum 
measured thickness is about 2,000 feet. 

I n  outcrop the rocks of the andesitic member are variegated dark 
gray, green, and purple. Flows, tuff, and breccia occur in nearly 
equal amounts, along with lesser amounts of volcanic graywacke. 
The graywacke occurs chiefly as a massive conglomeratic lens at  the 
base of the exposed section about 2,700 to 3,000 feet, stratigraphically, 
below the top of the andesitic member. Bedding thickness is variable 
and ranges from a few inches to a few tens of feet. 

The flow rock commonly contains amygdales that are generally 
filled by either calcite or chlorite. Most of the rocks studied in thin 
section are almost completely altered to secondary minerals, but scat- 
tered remnants of the original mineral assemblage suggest an original 
andesitic composition. 

One example of an altered greenish-gray flow rock in thin section 
appears to be composed of chloritized euhedral pyroxene and serici- 
tized plagioclase phenocrysts in a cloudy groundmass consisting of 
abundant calcite, chlorite, sericitized feldspar microlites, secondary 
albite, and disseminated iron ore. The pyroxene is completely altered 
to chlorite, calcite, and possibly chalcedony. Because no original 
feldspar remains, it is not possible to accurately classify this rock. 

The altered tuff is generally lighter in color than the flows and 
ranges from variegated light green, dark green, and purple to shades 
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of gray. The tuff contains rounded to angular fragments of altered 
fine-grained volcanic rock and altared feldspar crydals. In thin sc -  
tion the o m g h d  constituents a p p r  to be completely aIbwd to nn 
indistinct msass of secondary minerals. The feldspar has been altered 
to sericite and h e  68condar-y albite. Rock fragments now consist 
largely of sericitized feldspar microlih in a cloudy groundmass of 
chlorite, d c i @  and iron-ore minerals. !Che matrix of the tuff hm a 
similar composition, with the result that borders between rock frag 
mnts and matrix are indistinct. 

h k s  in which identifiable original minerals sumire nre not corn- 
man but incIude both porpllyritic and nonporphyritic andpsitic floxs. 
The medium-dark-gray massive porphyritic andmite is cotnpmd of 
abundant dark-pen euhedral pyroxene phenocrysts, averaging 5 mrn 
in patest,  dimension and embedded in n fine-grained groundmnsa. 
In thin section the phenocrysts appear to be nugite crystnls that hnve 
b n  r e p l a d  alrnosk entirely by pale-green anhedm1 crystals of urali- 
tic muphibole (possibly actinolitic hornblende). Of ten 2 or 3 nmphi- 
bole crystnls have replaced an individunl pyroxene pllenoc~yst. %he 
groundmass, abDuG 80 percent of khs rack, is composed of pnrtly 
mricitized plagimlaae Iatlls mnging in composition from An,* to 
anRdra1 shreds of green hornblende, interstitial epiclote, pyrite, cl~lo- 
rite, ~ n d  calcite. The pundmass  has ran intergranular texture but is 
cloudy and somewhat indistinct. 

A nonporphpritic andesite examined in thin section slzclwd 2 fine- 
grained inhqmmular texture composed of partly wriciitized $agio- 
cltrse laths ammging An, in composition, spame anl~eclml crystals of 
potassic fe ld~ar,  and interstitint eohdral and anhedntl ,men horn- 
blende, epidote, chlorite, and iron ares. The ratio of plngimlam to 
potassic feldspar is about 4: 1. Gmerr llornblende forms nearly one- 
t hjrd of the total mk. 

RO-EAST LIB#B OF FFXS.HWA3T.E BAY BTKCLXK5 

The voI&c rock of the northenst limb of the Freslswnter Bay 
syncline ~ppeam more homogeneom tllnn that of +.he southwest limb. 
It consih predomhahly of massive porphyritic nndesi te flows with 
minor amounts of Bow breccia. Gmyaacke, nrgilljta, nnd limestone, 
in addition to the wlcnnic rock, form a thick fiequeuw nt the top of the 
section in the northwestern part of the outcrop belt;. Thinner unih 
of limeatone, gmywacke, and nrgjflite also occur nenr the n~idrllo of 
the volcanic squence. The mnxjml~rn thickness of tho formati011 in 
the north limb is about 4,500 feet, in tlre nortbm-esknl part of the nrea 
mapped. Ths formation wedges out to the R O U ~ ~ I P I L S ~  hefffeell tho 
headwaters and the mouth of T.fT~~kuklook Creek. 
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The predominant volcanic rock typa is a medium-dark-py por- 
- phyritic mdosite corn p o d  of a vnriable amount of plagimlase pheno- 
crysh in s fine-pined or spbanitic pmndmass. The rock weathers 
yellowish graen and dark olive p y .  
In thin section the andesib a p p m  to consist of pbenecrysts of 

pl&gimlrq m a g  from 1 to  6 mm long, in a he -p ined  cloudy 
trachytic groundmaas composed of a n d h a  microlites, anhedral green 
hornblende, calcita, chlorite, and iron-ore minerals Tn some speci- 
mens mafia minerals are completely altered red chlorih, calcite, and 
iron-ore minerals. One thin section h w s  partly sericithed euhedral 
phenocrgsta of pplagiocla- ranging in composition from An ,, to An 23 
in a xenomarphic recrystallized pundmsss  composed largely of 
mdic oligcalase and quartz. The rnafic minerals in this specimen am 
completely altered ta chlorite, epidote, and imn-om minerals. 

Limestone, graywacke, and argillite form a sedimentary m m b r  
about 1,000 feet thick 8t the top of the Fmshwater Bay formation 
near the north border of the map area. This lithic mit, not recog- 
nized on the eouthwest limb of the Freshwater Ray gyncIine, is de- 
scribed in detail in the stratigraphic seation that follow& 

Southatward along the Btrike in the headwaters of Wukuklook 
Creak, calcarmm conglomerate, b m i a ,  snd sandstone m u p y  about 
the ~ a m e  stratigraphic position as the limestone, gmywacke, and 
argiWita to the northwest, (Sm em1 5 and 6, pl. 2). Thm coarse 
cIastic rocks contain frrrgmenta of pink chert, dark-py l imeshe ,  
and light-gray he-grained volcmic rock embedded in alcamus 
matrix. The socks weather to a dark bmmrxlish gray rough surface; 
beds mge in thickness from 1 to 8 fed and are frequently cross st&- 
fied. BBC&W them rocks contain abundant calcareous matrix, they 
may m e  laterally into limwtone. 

The standrtrd section of the Fmhwater Bay formation is given: 

Ijronkmm formaHm : 
hwerr  nm#rtone member : 

Limestone, d a r k - m ,  ihe-maloed in beda 
0.1-0.6 fL thlck 

B d 0 m t i t 9  ( 7) FMokwu 
Fmhwater Rag formatlm : (1ml 

Argllllte and graywdcb; dark-gray mI- to Wtlr 
calmrwrur mq$lUfe and dark-gap calcareoas medinm-grafned 
~gwacke;Mmti-20ftthi&;80percent&Iflk ,,,,,---,,, Z!W 

Umpncke md argllllte; medium-gray conglomemtle CnEcmxm 
mare-grained grnywacke of anfllnr grab8 of &ert; 
darkmy flaefp%ined wlcnnlc rock in calciterich ma& b b m h  
26 R thtck ; Ieemr n m m t s  of dark-gmg graded-beddM m d a m -  
grainad m ~ a c k e  and mediam-darkeay silimm argllllte In 
M a  ammdng 1 I t  tbfck --,,,,,,,---,-------------I--- 800 
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ThiCkwM 
Freshwater Bay f orrnatlon--Continned (feet1 

Urneatone find argiMte; dark-gray, reddfah-yetlow, and medlnm- 
gray-weathering fln~grafned limestone in mbbly bed8 02-1 ft 
thlck; dark-gray -dish-bm-weathering siltceom argilllte in- 
creaaea In abundance toward top (as mu& as 50 perrent) ; 30 
fL thick dark-gray porpb~ritic (plagiochse) andeatte flow near 
top of 800 

Tom thldu~eim of the upper aedtmentarg member -,,,,-,,,,,,,, 1,050 
hdes i te ,  dark-$ray, w ~ t b e r ~  browniab gray, flnh t o  mameporpbs- 

rittc, mamiwe flows; euhedra1 glagioclaw 1-10 mm long 131 apbe- 
nitic groundma@ ----,,-,,,------------------------------------ I, 23) 

Lim-ne, dark-brownieh-gray, flne-grained, in W e  0.14.2 it 
thick; contain0 reddish-bm 8iliceoII~ argiMte Ln n verg thin 
irregulru' network ,-,,,,-,,,,-,,,,,---,--,-,----,----,----- 160 

Arfillite and graywacke thinly interklded; a-brownIsZr-gm~y 
n o n c a l m u s  argillite ; gray!&-black nonalcareoas Bne-grit in& 
graywrtcke ; M s  avemge 0.1 fIt thick ; mInor arnonnts of medium- 
gray X O  

bndesite, medimdark-gw to drrk-grag, porphwtic; flow8 and 
flow bceccia; enhedral pladoclano phenocryata averaging 5. mm 
in length in m aphanitic grenndmnas ; minor flow breccia contains 
angular to rounded andeslte fragments, avernging 1 ft a m ,  in 
an andesltm matrix ; b d s  massivtr and Indistinct I, MW) 

@&on Interrupted by ignmus 11ltrusIo11 , ,,,,,,----------------- W f  
bndmik, dark-grsy, aghanitlc, ~ m y ~ a l o l d n l :  calcite amggdales; 

m r l y  e'XpQwd ----,---,--,--,,,-----*---------~-- 2m& - 
Total thlcknem of Freshwater Ray formation (erclndlng Inter- 

val accuplml ;by Igneous htrwion) ,-,-,,,,m----d,------------ 4,4504- 
Unconformib( 1 )  

Kennel Omek limmtwle : 
$rguite, dark-reddish-my, poorly exposel 

The predomlnankly volcanic stratn uncon formably overlie the 
Middle m d  Late ( 1 )  Bvmian Cedar Cove formation and are overlain 
by the Mississippian Iymkeen form%tion. Although no fossils ham 
hen coUwtsd from a i s  formation in the Freshwater nay area, fmds 
indicative of a Late Devonian ~ g e  hme been f o u ~ ~ d  in clmtic rocks 
intercalated with volaaaio rocks continuons with this formation crop 
ping out at Port Frederick, about 15 to 20 miles northwest of the type 
locality on Pmhwater Bsy. At Port Fmderick, water-laid frag- 
mental mndsbne is interbedded in the volcanic quenca. Marine 
fossiils from this m d s h n e  are of Late Devonian age (late Fnsnian 
equivalents). 'She fossil tmembIage is composed predominantly of 
brachiopods and molluscs and characteristimlly has numerous speci- 



m w  of Uprtoqxldfer. At mother I d @  in Port Merick, a 
m-bdoped fanenle haa hew c u U w t d  from h m n e  that 
is comidersd rr part of the Freshwabr Btly formntion. This as- 
mnblage $so sppaarsto h of F&m age, 

m o w  BORMIIIOH 

The thick wquence of cherty limestone and shale typically exposed 
on Xyoukeen PeninsuZa, the northwest &ore of lyonkeen Cove, and 
inland to the nortl~west on tlm ridges drained by Gypsum and Seal 
Creeks is hem named the Iyoulreen formation. The limestone exposed 
on. Xyoukwn Peninsula and the nortl~wast ahore of Iyoukeen Cove 
belongs to the upper limmtone member of the formation. Owing to 
structural complexity, the middle and the lower limestone members are 
not p m n t  in the vicinity of lyoukeen Cove. Typical ~ections of the 
upper, middle, and lower members crop out on the ridges drained by 
Gypsun and Seal Cmks. 

Tl~a mcks of the Iyoukeen formiat ion form an aukcrop belt ranging 
in width from 2% ta 334 miles nnd extending from Iyoukeem Cove 
northwestward to the north edge of the map area in the vicinity of 
the headwaters of S p d  Creek. The outcrop belt is intempted by 
the Gypsum Creek q u ~ r t z  monzonite ltnd is displaced by several faults. 
The mistant upper lirnwne rnmber forms a broad, W-ahaped north- 
wastward-trending topographic troug11 m h m  axis is roughly parallel 
to G y p m  C w ~ k  nnt the southeast end and to the headwaters of Spasski 
Creek at the northwest end. This trough, a physfopphic expression 
of the Freshwater Bay syncline, is flanked by high outward-facing 
cuesha, except where intempted by faulting or int msive rocks. The 
middle membar forms slopes and subdued tnpopphy, w h o m  the 
lower limestone forma low, minor r i d e  

The Iyoukaen formation is the youngest pre.-Quatemry rock unit 
in the Fmhwahr Bay a m .  I ts  upper cantmt is appwmntly an ero- 
aional surface cut in the upper limestone member. The. contact with 
the underlying Freshwshr Bay formation appertrs to be unconforma- 
ble. Beds of the underlying Freshwater Bay formatian appear to 
be truncated balom the base of the Iyoukeen formation at several local- 
ities. Removal of units by erosion from the top of the Freshwater 
Bay formation cannot be demonstrated stratigraphically, b w u s e  of 
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the highly variable nature of the volcanic mck forming most of the 
formation. 

The upper limestone member of the Iyouksen formation is in contact 
with the Kennel Creek limestone near the lower part of the Wnkuk- 
look Creek; both the Freshwater Bay and Cedar Cove formations are 
missing. The Kennel Creek Ijmatone probably has h n  thrust to 
the southwest and has overridden the Cedar Cove formation, the 
Freshwatar Bay formation, and, p i b l y ,  the Iower and middle m a -  
bersaftheIyoukeenfomatian. (Seew.E-E',pl. landsec.?,pl.2.) 

The Iyoukeen formation is diPided into an upper limestone membr, 
a middle member, and a lower limestone member. The upper limestone 
mmber, more than 3,OW feet thick, is chamcterid by fd i f erous  
dark- and light-gray medium-bedded limeatone with dark-py thin 
irregular nodular chert lenses. Dark-gray limostone is p ~ u m i n m t .  
The middle member is composed predominantly of dark-gmg to p y -  
ish-black sparsely fwiliferous shale with a few beds of graywwke 
and linmtona. The shale becomes more c a l ~ u s  toward the north- 
west and, on the north& limb of the M m a t e r  Bay syncline near 
the nor& border of the map area, grades ink0 medium-gray yellow- 
wmthering M y  limestone. The thickness of the middle member 
ranges from 500 feet on the northeast limb of the Freshwater Bay 
s y n c X h ~  to 750 feet on the southwest Limb. The lower limestone 
membr scmsists malnly of dmk-gray fossilifemus he-grained thin- 
beddd limestone with a few dark-gray thin regular chert beds. The 
lower limestme member ranges in thickness from 200 feet on the 
southwat limb of the Fmhwahr B%y syncline to 600 feet on the 
northeast limb. Phrt of the increase in thickness of the lower lime- 
&one member toward the north appears to be at the expense of the 
middle member, which becornm more m1careous and thinner in that 
dlimtion. 

The total exposed thickness of the Iyoukoen formation d e c w m s  to 
the northwest owing to erosion of the southewtward-plunging F d -  
water Bay syncline. The maximum expeed thickness of the lyoukeen 
formation is probab,bly lass than 4,500 feet,, but the total thicknm m- 
not be meaflzred at any one locality. 
The dominant rock type of the Iyoulreen formation, a dark-gmy to 

grayish-black fine- ta medium-grained lirnastone, contains abundant 
calcareous shell debris and commonly emits a strong fetid cdar wbsn 
broken. Lem wmmon lighbbrownish-gray medium- to coarse- 
grained bimlmtio limestone appears to be c o m m d  entirely of &dl 
debris. Xn contra& to the low porosity of the dark limestone, the 
bioclastic limestono conbins scattered Tine pores. Insoluble residue, 
obtained from dissolving a quantity of the normal dark limestone in 



warm dilate hydrochloric acid, mmpri.ises about 2 pmxm& of the tutal 
rock by weight. This residue cansists of finely divided qm*, did- 
fied fossil remains, and fine black carbonweous material. The black 
carbonamow material is largely responsible far the dark color of the 
limE&ne. 

Gypsum deposits at Iyoukwn Cava are the only known minerd 
deposits of commercial importance in the Freshwahr Bay m a .  

The gypsum, associated with buff or cream-colored limestone b m i a  
and dark-gray, &cherty limestone, occurs at the top of the upper lime- 
stone member in the core of the Frashwa ter Bay syncline. Owing to 
the southeastward plunge of the syncline, the gypsum and awxiated 
limastone ompy  the highest stratigraphic position of any of the ex- 
posed m k  units in the synclinal fold. C. W. Wright (th Brooks, 
1908, p. 1%) aaumed that the gypsum depi t s  and associated brmia 
ware of sedimentary origin and regarded the ggpsum as Permian or 
Triassic in However, fmsils of I d a  Mississippian age, collected 
from the upper limeshno member of the Iyoukeen formation, repre- 
sent the youngest fauna known fmm the area. Flint and Cobb (1953) 
suggested that the gypsum may be hydrothermal in origin and may 
have baen deposited in bmiated  fault zones within the limestone. 
However, owing to poor outcrops and much dluvial. cover, they did 
not reach a mnclusicm as ta which hypothesis of origin was more prob- 
abla The &gptrum and buf€ or cream-colored limestone b m i a  are not 
recognized elsewhm in the lyonkeen formation; their restriction ta 
the highest p r t  of the formation suggests stratigraphic control. On 
t.he other hand, the proximity of the Gypsum Creek quartz monaonita 
lends evidence to the hydrothermal hypothesis. 

The gypsum dspmib were first reported in 1902 and warn worked 
until 1923 ; the mines are now abandoned. The largest mine was lo- 
cated on Gypsum Creek about threequartem of a mila upstream from 
ita mouth. k extmsive mining operations were carried out on the 
&are of the mall bay, about three-quartem of a mile sonthweat of lthe 
mouth of W W o o k  Creek. Flint md Cubb (195313) supplid d+ 
hiled iuforrmt tion about the gypsum deposits and the h i h q  of their 
development and operation. 

The first of the following measured &ions is considered to  be the 
d~ickest and most complete aection of Iyoukaen fornation 6xpoM in 
the Freshwater Bay area. Because the middle and lower mefnbsps a m  
involved in a complex faulting at this locality, a section in the northern 
draimp of Seal Cwek was chomn as repmntative of the lower Cwo 
members. 
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Tha shndard section of tha l y o h n  formation is given : 

Ga~ereiL 
Ipoukwm formatlw~ (incornpleh) : ~~4 

Cppar U r n m e  meniber (incomplete) : (fed1 
7. Lirn&an$ interklded light-7 and l i g h t I r 0 ~ ~ ~ ;  

LEght-grag medinm-grained sugary limeabne with mab 
&red. We poronlty ; Hght-brownish-gray medium to cwvse 
grained claatic Limestone be38 3-10 i t  thlck ; spame dark- 
gray naddar chwt. partIy bleached to light-bmwd~h-gray, 
in tenem 0.3-0.5 ft t h i c k  ------------------ - ------ - --,- = 11a+ 

d Lheatone and chert; dark-gray fine-grained limeetone in 
M f t  thick beds and dark-gray irregular h d a  of nodular 
cbert 0.14.3 ft thick; crow beda of chert in many p l s m ~ ,  rH)O 

6, Limestone, medinrn-dark-gray, flnegralned, la beds averag- 
ing 2 ft  thick; contalns abundant llthostroManold and 
mlitnrg corals, lesser amwnts of dark-gray Irregular 
nodular chert In lmms 0.1-0.3 f t  thidc, and lighbbmwnl~h. 
g r a ~  medium-$rain& bloelaatic limestone wlth abnndaat 
crInoid colnmnala, in b W  averaging 3 ft. thick- -,,,---,, 750 

4. Ltrnwtone, &mllar to unEt 5 but partly altered b Ught-gray 
medium- to mam+grain& marble with nodular chert 
lmw pertly alter& to Ztght-grag fibrous tremallb and 
caldh ma- of mme shape; Hthoatroffonoid coral@ 
 common,,,,,,,-,,,,,,,,,-,-,,,^---^--^-^-^---^^^- 60 

8. Ohert, graylah-brown and dark-$ras, in cobbly be& averag- 
 in^ 0.8 it thi~k~---------~---------,----,,~---,---,,- 40 

2. Mmecltone and chert LnterbeddM : mdlnm-dark-gray flnb 
grafned Ilm&ne in 2 4 t h  beda and dark-may, grasIsh 
brown-weathering modular chert lo l e a  0.34.4 it thick ; 
76 percent limeatone: abmdant solitary mrala; USQS- 
18871-PC1 from level 100 it below top -,,-,,-,--,, 800 

1. Lfme~tone, chert, and argilllte, wry tbinlJr Enterbedded : 
Bark-- flne-grain& Ifmwtone : dark-gray nodular chert 
and grayish-black shal$ slltstone in beda 0142 fl thlck: 
abundant brachiopods; DSB3-IBE2-PC from tm 10 it,, 100 

T h I c h e ~  at the upwr lh&one m e m b e r - - - - - - - - -  1 M5+ 
= 

Middle member, Tpoflkea formaHon : 
male, m h - b I a c k ,  mamlm, n d c a -  w b m e  to eon- 

choidal; abundant brachi- and aolltary corale; ITBOB- 
18374-PO about 4.00 it from the top ; U8GS837&PQ MW) ft 
from top of member,,,,,,,,-,,,,-------------------- m+ 

hafted -on total tbiclmesa tmlmmn. 



# ~ f m  dong rrorthembzoard-kenCeBng +%g8 #amr nortlb border o j  map, about 8.5 
mile8 8 B h  OP the mouth 01 ,Seal Creek 

Eroded m a c e .  
Iymkm fomatlw (incomplete) : Fh#ek##~ 

U p p m  Ilmeatone member (Incomplete) : (IleC) 

Limeetone, mediumdark-gra y, medium-grained ; bed8 1-4 ft 
thick; spree interkdded dark-my n d ~ l a r  chert beds 0.1- 
0.5 ft thick ; U t h ~ o t l o n o l d  and solitary comb Common; 
f o m s  promhent ridm ; UBGS-1M8&TJU from bottom 20 ft: ; 
USGS-lEW%-PC 150 ft  above bne@ ---,-,,, ~-~,,,-PPPP-PPPP 750+ 

Lfrneatone and chert; medium-dark-gray mecllum-grained lime- 
stone beth 0.1-3 i t  thlck and dnrk-gray nodular chert: beds 
O.14.E ft. thick; chert forms aa much as 20 percent of unit; 
a few brownEsh-gmy cwlrse-grained bioi?laaUc bed#; ~olitary 
corals common; a few lIthoatrutiondd corals and bmchloptnh 150 - 

Tblcbess of apper limestone member ,,,,,,,,---,,-----,, gOOf 
Middle member : 

Limestone, chest. and argllllte ; medinm-gray light-gram- 
yellow-weatberlng fiobgrakned argillaceous shaly limestone; 
grades downward into thinly Interbedded dark-gmy nodnlar 
chert, grayish-black finegrained limestwe, and graylah-black 
calcateous nrgilltte; near base, beda average 0.5 it. in thick- 
nm8 ; forma gmooth nonresistant slope _,,,,,-,,,---, ,_------ 500 

Lower limestone member : 
Limeatone, dark-gray, llnwraLned ; cobbTy bds 1-2 ft. mck; 

spame beds of nomdnlar dark-gray v e r t  and reddish-gray 
argIllite 0.141 St. tl~ick ; braehiopods and ~xingoporaids 
common; USQS-IEW-PC 100 f t  above base; U569-1838% 
PC 360 it. a b o ~ e  base-,,,,,,,---,,,,,,,-,,,,,,-,,-,, 

Roch e x p d  on the lyoukeen Peninsula rep-t only the upper 
lim&ne member and the upper part of the middle member. Older 
beds m p  out on both danh of the Freshwater Bay synche in the 
hills northwest of the peninsda The entire formation is of Wasis- 
BEppirtn age. 

Ths lower member haa yidded few f&h. Dominant dements of 
the frtuna are: the coral Byringopora, spirifemid and donetid bach- 
iopads, and gastropods induding 8tmMparo72?~ (&iwnphcclw) sp. 

B ~ i l a  am morn common in the middle member and indicate a mom 
divmifid f m a  In addition to the f ossiIs found in the lower mem- 
ber, solitary rugma corals, pmductoid brachiopods, and Lepikmm cf. 
L. anaaJoga (Phillips) m found. 
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The lower two members are of Early Miskippian age and conbin 
fossils similar to tolose Gollected from the Kayak dmIe and Wa.chsmuth 
limedone in north- Alaslrrt (Bowsher and others, 1957, p. 5 ) .  The 
faunas also remmbI% in a general way, t h m  of the LdgepoIe Jime- 
stone in Montana and the Banff formation in Alberta. 

The upper member, composed of lnawsive cherty limestone beds, 
is e9tmely foxihforous. Lithostmtionoid corals and a variety of 
Iarga horn corals are found at nearly every outcrop. only other 
pnus widely represented is Gi.~antopdm&, a 1- brachiopod 
that in so many places is associated with the coralline assemblages of 
Late Mississippian age in Alnxka and the Pacific Northwest. 

!t'hese fossils indicate rather closa cardation with the Alapah l h  
stone of northern Alaska, the Rundle formation of klberta, and tha 
Brazer formation as it has been interpretid in soueheasbm Idaho 
(Mansfield, 1927, g. 63-TI). 

No beds of definitely @-Mississippian a g  are hawn to be in 
the Freshwater Bay m a .  The gypsifemus strata that appear to 
overlie the fowiliferous beds of the upper limestone may be younger, 
but no fossils have been mcomred from them. 

QUATERNARY DEP08ITS 

Undiff erentihd gravel, sand, silt, and talus debris are mapped as 
st single unit on plate 1. Glacial, alluvial, and mlluvial deposits w e e  
not studied in detail or separated in mapping. To a large extent the 
bund i t r i es  d the .rtreas included in this map unit were delinated from 
aerial photogrrtphs. 

INTRU8XpE IGNEOUB RDCXS 

Five plutonic igueons bodies crop out within or border on the 
Freshwater Bay m a .  The two larger bodies mge  from quartz mon- 
wnite t,a pnih in composition. The three smaller bodies mnge in 
composition from diorite to quartz diorih. Sigrdcant data mm- 
ing t b  plutons are summarized in table 2. Not induded in this 
sumnary are the small intrusive bodies h a t e d  with valcanic rock 
of the Freshwater Bay formation and d b b g d  with the r& of 
t,his formation. The classification of igneous rdx of Williams and 
others (1954, p. 3-149 3 has been followed. . 



TABLE 2 . 4 u r n ~ l l ~ r ~ 1  of p214tod.o &meow bodies L the Prmhatw Ba# m a ,  
Ohtckagot I 8 m d ,  ArwW 

The age of intrusion m o t  be closely determined in the Fresh- 
water Bay LW. The youngest strata intruded range in age from 
Middle Devonian to hta  Mississippian. The old& &,ta unaffected 
by the htrnsbns am the unwnsolidated Quaternary deposits that 
p d y  cwer the emsicm mdolce on the top of the plutons. Thus 
field datioas in the Freshwater Bay indicate that; the most recat in- 
t&n must have oocurred xker ths deposition of the Upper Missis- 
sippian limeatme and Mom the deposition of the Quaternary beds. 
whether the plntons that intrude m k s  no younger than Devonian 
are appmximatelly contsmpommus with those intruding the Upper 
Misirnippian l i m h n e  c m o t  be determined f m n  field evidence. 

D W -  

Gypsum Cmk qaarts 
moazmlte om- 
Mendeb&), srpa 
about I sqnsre milss. 

Hornblmd~ mnW, 
hlghlp rwlable, only 
border mappd; area 
u n l m o m .  

Eornhlmdemglte- 
dtmite. area *boat 0.76 
squnra mllu. 

~blmda.IAom3 
qaartz dtorlta rn 
a b u t  0 B rrq& mile. 

Hornbhde-blotit?- 
aarbx dfodW, ntwa 

h u t  0.3 sqmra mm. 

Qnorrtz 1110llzonite in a pluton at the head of Gypsum Cmk north 
af Freshwater Bay is here nitmed the Gypsum C& quartz mon- 
zonite. It f o m  rn elongate w e s t - n o r t h w e s t w ~ - t ~ ~  oatcmp 
that is about A5 milea long and that avenges 0.75 mile wide. The 
no~41hem 8nd northwestem ~butarim of the m k  cut largely into the 
quartz mommite. The platon occupies the central pmt of the Fresh- 
water Bay pc1'ine and is almwt entirely surrounded at the surface by 
liraeertone of the upper part of the Iyouksen formation. Its age 
can be determined no closer than post-Late Wwissippian and pre- 
Quaternary, 

Looatlm 

N d  snd ww draln- 
speoia~ran Cmk.  

U r d m l n w o f  Em1 Cmelt md 
Pavlof Elver. 

Wwt of Eleal Creek, 
1.5 m ~ e s  north of the 
h a d  of l k h w b a r  
Day. 

Nmr hHdWaters ol 
~youktoR Creek 
about 1 ml2e aoutb of 
t h o  north border 
d mnp. 

Near hondmtam oi 
Igoulrtug Cmk,  
stmn t I rn* north- 
west of prevhus 
'locution. 

Y ~ t s t r a t a h ~ ~  

=E Illnestwe mwn- 
Iyoukmn lorma- 

ti&. 

Keanel fhmk Iime 
stone (a p r t  
witbin mwn OM). 

M m h w  mem- 
r I go ukem for- 

m a w .  

Fmhwntbr Bay iorms- 
tlon. 

Fmhwatm Bey Iw- 
mabion. 

Am Olfntrualon 

PDBtUPPBf M-lWp 
pian end pe-Quatar- 
n w .  

Post.Middle Devonlrm 
and pre-gaat8rnarp. 

Pmt-Upper B p -  
=n"d m m  

Poakum D8vOBhi1 
B O ~ ~ ~ .  

PosWp~er DewmInn 
and m-Qua@mw, 
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PETsOOsLPHP 

The normal quartz mommite in hand spcimen is Light ~ J T ,  
gqnigwular, m d n m  pined ,  and &her homogener,~~. This rock- 
type forms the bulk af the pluton, and brder phases mpose rr. relrt- 
tirely minor percentage of the e x p a d  rock In thin section the. 
normd quartz m o m n i t e  shows a hypidiomorphic p n d a r  taxturn 
consisting of the foIIowing minerals: asbedral slightly sericitized 
olipdase mginR from AnB, at the corn to  h l a  near the edge; large 
(as much as 3 mrn long) ranhedd slightly kaolinized potassic feldspar 
pl~anocrpk; euhedrnl p n  hornblende; fmyed plahs of reddish- 
brown biotite; and minor amounts of sphene, museovitR, apatite, 
and iron-ore minerals, In some spacImens the hornblende is partly 
aItered to biotite that, in turn, is partly altered to cklorita. Average 
visual estimate of rnineml components are : plqioclase, 42 permnt ; 
potassio feldspar, 25 percent; quartz, 18 percent; biotite, 7 percent; 
hornblende, (i percant; and minor accessories, 3 percent. An average 
plagioclase-phasic feldspar ratio of less than 2: 1 p l m  these m k s  
well within the quarks monzonite range (Williams and others, 1954, 
. I ,  1 TIM potastic feldspar, either untwinned or mr1sU 
twinned, ah ow^ little or no perthitic interpwth, 

The border facim of Gypsum h k  quartz rntmzonits range con- 
~iderably in composition and tsxture within short dishness. A few of 
the mom impotan t variants are described as follows. 

Diopaide-bearing monzonits and diorite cmm along the edge of the 
plnton near the lim-ne contact at the headwaters of the tribntary 
to  Gypsurn Greek which trends N. 70" W. Thew ;e& a m  highly 
~sriabIe both in mmposition and p i n  size. In hand specimen they 
rn light gray with pmrninent mediumgreen diopside crystals rang- 
hg from 0.5 to 1 mm in length, Thin sections show a hypidimor- 
phic grsnnlar t.extum composed of euhdraI diopside and p n  horn 
blende, I a h  of p l a g i m l ~  ranging from Anza to An,, anhedml 
p i n s  of potassic feldspar, shreds of dark-brown biotite and minor 
epidoh chlorite, sphena, and sericite. In some sections the horn- 
blende hss partly rep1me.d the pyroxene, which may in part be &op- 
sidic augite. 

A ma11 granophgric apphysis was ohrved within the upper lime- 
stone member of the Iyonkeen formation near the northern contact 
of the pluton ah the head of the tributary of Gypsurn Creek which 
trends N. 70" W. In hmd specimen this mck is t r e q  light gray to 
white, porphyritic, and h e  grained. In thin mction it appars to be 
c o m p s d  of euhedml to anhedral quartz, potamic feldspar, and oligo- 
c l w  phen- much as I mrn long-in a wormy granaphyric 
intergrowth of quartz and potkssic feldspar and a few fine shreds d 
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biotite and mumuvita. The average grain size of the rock is h u t  
0.03 mm. A p3aglcdase-potaesic feldspar ratio of about 1 : 4 indimtea 
that the rmk is probably granitia 

Another 1euo~:mtic facie8 OGOU~P~ within the nodhem border of khe 
pluton, shut 1 miIa southeast of the granophyre. TBis m& is whib 
and g e n d y  medium grained bnt has considerable variation in gain 
she. In thin section it appears to bs a hypidiomorphic granular rock 
composed of s few eahedral plagioclase and mhedral qub* cryst~ls 
sut~oarrded large1 y by a pl ~gibclamqu~brtz my mekite. The mmdn- 
irrg mineral components, less than 6 percent, am aphene, zircon, and 
chlorite. T h e  grain size mgas from 0.35 to 1 mm. The phgmlase 
generally displays albih twinning and is dightly sericitized ; its m- 
pi tion ranges from An,, to An,,. The leumratic chamdm of th 
rock and the lack of potwic feldspnr suggest its classification as a 
laumratic diorita or trondhjemite (Williams and others, 1954, p. 
109-110). 

CON'FACT m A B r O a R R x a M  

The zone of contact metamorphism of the Gypsum Creek plutan 
is relatively narrow. Limestme, which forms most of the intruded 
countv rock at the surface, is recrgstnllid for several tens of feet 
nway from the intrusive contact, The actual contact, however, be- 
tween meWimentttt=g and plutonic igneous rocks is sharp. Wol- 
lastonib marble occurs within a. few fact of the contact, whereas t m -  
olite mwble is more cornon at greater d i d m a .  Tremolihbearing 
marble is common in tlie upper limestone member exposed dong the 
ridge south of the upper p ~ r t  WE Gypsum Creek even though in p l w  
this exposure is more than n mile from the surface igneous mntrtct. 
The pluton probably underliw this rim at a drtively shnllow depth, 
Nodular chert in the limestone on this ridge is altered to a mixture of 
tremolite needlea and calcite. The alhred nodulas frequently retain 
P chert m. 

Other minerals oberved in small deposits at or near the a n t  of 
the pluton md limedona artre : white euhdml diopside crystalq mas- 
sive redish-bmwn anhedral andradits garnet, epidots, and minor 
nmounts of iron-om minerals (mostly pyri t8). These tactit& depita 
nre spar58 and a m  only a fern inchas thick m& 

7 % ~  border zone of what appears to be a m ~ j o r  plutonic intrusive 
M y  mops cut for a distance of about 8.6 mil= along the southwed 
margin of the map a m  in the upper drainage of Kernel Creek. T h e  
size of this M y  is not known, b~zt explomtary t r a v a ~  indimte that 
it may estend serernl miles to the sout,hw&. The border zone m k  
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is extremely variable both in composition and texture and cannot be 
consided ehtmwteristic of the plutonic body as a whole. Individual 
rock t p  are intertongued on such a small scale that no attempt was 
made to map them separably. 
In pemI, the rock is rich h potassic feldspar that ia commonly 

perthitic and indudea large nahedral p i n s  of microcline. T h e  re- 
maining oo4 tnen t s  are : zoned plagioc'lase rrtnging f rorn &out hs 
in cores to Anla near the edge; quartz (generally more than 20 per- 
a t )  ; g~een hornbIende {generally euhedral ) ; nnd minor amounts of 
zircon, qhene, apatite, biotite ( a h r  hornblende,), chlorite, and iron- 
owl minerals. Thm components range widdy in proportions and in 
pin size. The rock ranges from norrnal hypidiomorphic p n n l a r  
medium-pained granite containing less than 10 percent mafia ~ninerals 
to very coarse grained hornblende-potassic feldspar-plq$oclase-epi- 
dote pegmatitic rock in which the hornbIende comprises more than 
70 percent of the total rock. In the pegmatitic rock the hornblende is 
in olnogata euhdral crgsta3s, weraging 2 inches long, md the oth--r 
minerals fill the angular interstices. 

One exception to the general potassic-rich composition of the border 
faciea is a normal-appearing hornblende diorite. It exhibits n me- 
dium-grained hypidiomorphic p n n l a r  texture cornpod of zoned 
plagioclase laths ranging in mrnposition fn>m A n n a  at the corn to Anla 
near the edge; minor inkmtitial quartz; euhedml green hornblende; 
and minor sphene, mdle, zimon, iron omminerds, and augite (partly 
nltered to hornblende). With the possible exception of the cores of 
the plagioclwa crystals, there is no potassic feldspar. The cores, 
stained yellow by the potassium cobaltinitrite stain method, are prob- 
ably composed of potassic feldspar. According to Williame and 
others (10.54, p. 1311, the mantling of oligoclase around an orthoclase 
core (rapkiwi texture) may indicate the basification of padly crystal- 
lized rn- by assimilation of andesitic wall rocks. CedinIy the 
dioritic facias in which the rapakivi texture occurs is more basic than 
the other bordsr fncies examined and may be a bdcat ion product. 

C o r n A a T  Mml'BMORPlfISgd: 

Thinly laminated alternate light- and dark-gray argillih and the 
overlying m i v e  K w e l  Creek limestone are intruded by the phbn 
north of the valley of Kennel Creek. Along this contact the argillit~ 
occurs both at the margin of tha p l u h  and within it as sliverlike mf 
pendants, whereas the limwtone is larely confined to the border zone 
itself. The contact betwwn plutonic igneous rock and m e t a d i -  
mentary rock is sharp. 

The width of the mntmct zone is not acmmitely h o r n  because of 
poor exposures, but it a p p m  to b at least sewm1 tens of feet wide. 
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At the contact the argillite has h e n  converted to a light- and dark- 
banded h e - p i n e d  hornblende-bioti te-01 igoclase homf els mnbining 
variable amounts of quarh. The dark bands are rich in hornblende 
and biotite ~ n d  represent former clay stone laminne, whereas the light 
bands are rich in feldspnr and qnnrtx nnd represent former siltstone 
or very fine grained sandstone. 

The massire limestone near the contnct has hen recrystrtlljeed to R 

white very coarse gained marble with an nverrrge grain size of about 
10 mm. The grnin size of tlie marble appears to decmse away from 
the contact. Galmiliicnte rninemls mere not observed in the marble. 

Three small plvtons crop ant northeast of the head of Freshwater 
Bay. The shape and cuntact relations of these pluf~as am not ac- 
curately known owing to the lack of sxpmres, but, in general, t h y  
appear to km crosscutting pluglike M i e s .  

The largest of the three plutons crops out near the kre& of the 
northweetwsd-trending ridge about 1.5 mila north of the head of 
Freshwater Bay near the hdwatem of Seal Creek. It intrudes the 
limestone and shale of the Iyoukm formation and probably the vol- 
canic rock of the Freshwater Bay formation, forming an outcrop 
about I mile long 0.78 mile wids. 
In hmd specimen the normal m k  of t h i a  plnton is m e d i m  gray 

and medium grnined with prominent hornblende md a e t e  phmo- 
orysta averaging abut  1 mm in diameter. In addition, there is a 
greenish-gray finer p i n  phase in which the mafic minerals have 
indistinct borders and are mderak green. 
h thin seetion the normal rock appears to be a diorite with a 

nearIy panidiomorphic-granular texturn. It contains euhedd phm* 
cry& of bro~vnidl-pen hornblende and slightly uralitizd aagih, 
ranging from 1 to 2 mm in length, in a pundmasg of slightly smaller 
laths of zoned partly mricitiaed pl@oclase, ranging in composition 
from Ana8 to &, with minor amounts of dark-reddish-brown biotite 
(after hornblmde) , chlorite, apatite, and iron-om minerals. Visual 
estimatm of the mineral component percentages are: p lag idw,  60 
p r m t  ; hornblende, 25 percent; augite, 5 perant; biotite, 3 percent ; 
and all others 7 prmnt. 
h thin section the @sh-gray phase appears to have been 

strongly uralitized. The euhdral taagite crystals have been altered 
~ l m o s t  completely to a pale-pan amphibole. This mphiboTe m u m  
BS anhedral pakhes in and around the remnants of the augite ~-1s. 
No prirnnrp Ilornblende is  present in this phttse, ht the pIagiocIase and 
minor wxssory rninemls am ths same rn t h m  of the normal diorite. 
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Although the borders of this pluton are poorly exposd, the contact 
with 1irne-t.m~ md shale of the Iyoukeen formation was observed in 
a few plrsoss and a p p m  to ba sharp. h and near the contact the 
limestone has been recrystaplizd to marble thah in places, is tremalite 
bearing. Small, spam deposits of rddish-brown andradite game& 
epidote, scapolite, pyrite, and minor nrnounts of magnetita, gsnemIly 
not over a few inches wide, were alm observed in and near the contact 
of the marble and diorite. Where the diorite has intruded shale, the 
a h h  has been mnverted to a dark-gray hornblende-biotite hornfels. 

Two smaller plntons crop out on subparallel north-northeastward- 
trending ridges about 4 miles northeast of the diorite near the head- 
watem of Iyouktug Graek. The northw&most of the two bodies 
intrudes Che lower part of the Fmhwabr Bay formation; the south- 
eastern M y  intrudes along the contact between the Freshwabr Ray 
formation and the Kennel b k  limeston8. Each pluton. crops out for 
about 1,000 fmh alwg the ridges on which they are exposed, but be- 
cause of poor exposurw other dimensions were not determined. 

Typically the rock of both pluhns is qnsrlx diotih, which in hand 
specimen i s  medium gray, medium grained, and equigrandar with 
conspicuous dark p i n s  of hornblende and biotite. In thin seatian a 
ty pica1 specimen shows a hypidiomoqhic granular texture consisting 
of: laths of zoned albite-twinned rndemtely mricitized plaffjocIase; 
interstitial clear qua* ; anhadral bl uish-green hornblende, slightly 
altered to biotite; dark-reddish-brown shreds of biotite; and minor 
amounts of sphene, apatite, and iron-ore rninerds. Visnal estirnate.9 
of minerel mrnponent pementages are: p l a g i c c l ~ ~ ,  50 percent; qua&, 
15 pemt ; hornblende, 20 percent ; biotite, I0 percent ; and dl others 
5 percent. Tha plagioclm averages about An ,, near the center of 
p i n s  and An near the edges. Avemm grain size is about 0.75 mm 
in dim~ter .  

Because the contrack of both p l n h s  am poorly exposat& little in 
the wag of contact metamorphism was observed. The southeastern 
pluton has recrg&aIlized the Kennel Creek limestone to a whih 
madim crystdline marble near the cmtact, but the width of the 
contwt m e  is not known. 

Numerous dikes and sills, some of pmt-Misshipian age, intrude the 
Mehg of the lbshmnter Bay area. Descriptions of some af the more 
common types are mrnmarixed ~s foIlom. 

A complex of dikes and sills, ranging from 6 inches to 30 feet in 
thickness intrudes the middle member of the Iyoukeen formation on 
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the h t  ridge northeast of Fmshwater Bay, Most of t h w  & are 
mdesiw but a few felsite dikes m u r  among them. 'In genmI, the 
dikes strike N. 2S0 W. and dip 80" NE,, wheraas the as, in parallel- 
ing the bedding, strike N. 30° E. and dip 30' SE. Them is, however, 
much irregularity of attitude. 
In hmd specimen the andasitia rock is dark grayish brown and 

consists of conspicuous auhedral hornblende p h e n o c m  amaging 
about a rnm long, embedded in an aphmitic groundmass. Thin sec- 
tiom show phanmrysts of strongly sericitized plsgioclase and euhe- 
drd gmmhh-brown hornblende in s gmundmass of stubby mimlites 
of plagioclasa md hornblende, together with inteditial chlorite and 
serioib. The pIagim1ase cqstaIs are zoned h r n  An ,, to An ,, nmr 
the core to An ,, to An ,, near the dgw; albih twinning is mmmon. 
The hornblende is mod y brown with p e n  rims and spots ; it is corn- 
mody altered to chlorite, 

The f~lsite is aphmitic, verg light gray on fmh fracture and 
brovmish red on waathemd surfaces. In thin section i t  appears to 
consist of irregular remnan& of feldspar phenocryds in a very fine 
grained clondy felty groundmw of sericite and dismnin~ted pyrite. 
The feldspar is too much altmed to ba identified. Fine mosaic quartz 
occurs both in veinlets and in the rock surrouading the veinlets. 

A single sillike intmsim igneous body crops out 3% miles north 
of the mouth of Seal Creek in a narrow sddle on a major northeast- 
ward-tmnding ridge. (See pI. 1.) The body is about 160 feet thick 
rind 1,000 feet long and intrudes the Iyoukem formation near the con- 
tact between the middle member and the lower hnestune member. 
Contact relations are not clear, but the intrusion appears to pmllel 
the bedding of the sedimentnqy m k  and may be a sill. 
In outmop tho igneous rrock is not readily diffemntiatad from the 

limestone and shale that it intrudes. Both igneous and d m t a r y  
i~ocks near the contact weather with rough brownish-gmy surfaces. 
In thin section the igneous m k  displays a porphyritic bxhm con- 

sisting of abundmt needles of reddish-brown hornblende in s cloudy 
indidinct p u d m a s s  composed of anhedral oligoclase, indistinct 
potassic feldspar, hornblende micmlites, chlorits, and iron-ore min- 
erals. The plagioclase-potrsssic feldspar ratio is abont 4: 1. Both 
composition md texture ind jcnts a spessartite lmprophy re (W~lliama 
and &hem, 1954, p, s 8 9 ) .  

The limestone for several tens of feet on. each side of the igneous 
rock is fractured and recrgstall ized. The altemd limestone wsathers 
to a brownigh-gray rough spongy surface. In thin &ion it appears 



to  be cumposed of calcite, pyrite, and abundant brown cloudy non- 
Siref ringent material. 

GITRUCTURE 

~ ~ H W A -  BBP B Y W C L ~ B  

The Freshwater Bay syncline, named by Buddinon and Chapin 
(1929, p. 315), is the major structural feature of the mapped arm. 
The plunge of the structure i s  southeastward less than 20'. The 
generd dip of the lEmbs is approximately 45". 9% t m g h  of the 
syncline at Iywkeen Cove comprises the youngwt gtrata af the 
mapped area, the upper gypsiferous part of the Xyoukeen formation, 
The axis of the syncline is offset left.-laterally by eastward-striking 
faults. Tha suuthrest flank is further complicated by a northwest- 
ward-striking fault m m .  Tlle northeast flank has been locally 
complicated by thrnsting f r m  the nortll~nst. Intrusion of the trough 
of the syncline by the Gypsum Creek quartz rnonzonite was ~bpparently 
accompanied by minor marginal thrusting SmaI1 mmnanb of folded 
Mississippian strata, now mf pendants within the intrusive bocly, ap- 
pear to have been wmid or pushed upward from their normal posi- 
tion deep in the trough of the syncline. 

PAmm mm Z n m A m m T B  

Within the Freshwater Bay area, faulta have bm ideatifid and 
examined locally. Their exposure is generally poor in this hawily 
thM and glaciated arm, and their location and the nature of move- 
ment can generally be inferred only from the distribution of strati- 
graphic units. Many lineaments, some of which have been idenGfied 
w f d t a  in the fieId, am cIearIy e x p d  on aerial phohgmphs, 
mesa 1inBBrnmta are inhrpmtd rts probable surfam e x p d o n s  of 
faults or shear aolaes. They are cornonly troughlike depressions 
a few tens of feet *wide to which drainage has adapted itmlf. Run- 
ning water and other agenta of erosion have further accentuated these 
zones by mmoml of rock that h&s been crushed by fsdting. The 
faults shown on the p10gic  map ( pl. 1) ham hem divided into two 
groups: (1) Faulls had on field evidenca; (2) faults based on phota- 
interpmbtion, Tha location of the second p u p  was derived from 
linear features e x p w  on -rial photographs. F a d l  and linea- 
menta may be summarized and genemIly dmribed in tha fallowing 
aets: (I) Esstward-striking faults and associated lineammte; (2) 
northwedmard-striking faults and h a t e d  lineaments; (3) north- 
westward-striking thrust faults; and (4) marginal thrust fa& near 
intrusive bodie& 
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~ 5 T W A R X b E W R ~ Q  FAULTS A m  ABBOCXA- U N B U M m S  

Eastward-dxikbg left-lateral hnlts and associated linertments are 
prominent only in that area bounded by Frmhwttter Bay on the south, 
the North Shore fault on the west, and bhe valley of Iyouktug Creek 
on the norLh& Within this area, the m~tward-striking fault set 
haa offset a13. exposed strata between and inoluding the Kennel C& 
lim&ne and the Iyoukeen formation subsequent to their folding. 
This set i~ not observed ta cut the quartz monwnite intrusive body 
but is p m n t  both mst and west of the Gypsum Cm& quartz mon- 
zonite body. The most prominent of the set is ths Iyouktug fault 
whom appmnt horizontal displacement is approximately 1 mile, 
with the north block moved westward. Minor faults both north and 
south of the Iyouktug fault show either an apparent vertical dis  
plaammt downward with the north block or an apparent left-Intern1 
hoxhonhl displment .  

Northvwtwd-striking faults and associM linwmenta form a 
wide zone along both the north and south shorn of Fwhwater Bay 
on the west limb of Frashwttter Bay synclina This fault system off- 
sets a11 strata exposed in the Frasl~wxter Bay area. No linments 
can be t d  across the G y p m  C m k  quartz monzonite other than 
what appears on aerial. phobgraphs to be a joint set not mapped but 
roughly parallel to and possibly related to northwe~tward-striking 
faulta. Northward-trending lineamentsf vaguely to well exp& 
an &a1 photogrsphs northwe of the head of Frashwnter Bay, may 
repressnt splits and joins within this system, but, their nature has not 
been m a i n e d  by field ohsewation. Similarly the significance of 
several northw~d-trending linmments a~ross the granite bcdy west 
of Freshwater Bay has not k n  evaluated. On the west side of the 
synclime, a strongly e x p r e d  northwesbward-striking sydan of faults 
a p p r s  to truncata all faults of the eastward-striking s y h m .  West 
of Freshwatm Bay the northwestward-striking faults appear to be 
domimntIy righk lateral. 

The North Shore fault has ~n apparent vertical displacement down- 
ward on the west mde, and cuts stmta of the Freshwater Bay and 
Iyouksen formations on the west limb of the syncline. A complimtd 
zone of paraJIel faults, splits, and joins borders the North Share fault 
on the west. Block faulting is indicated (cross section C-C' of pl. 
1) with, lacally rst Iaast, some right-1ab.l horizontal displacement. 

The Peninsula fault &ows an appamnt vertical displamment down- 
w a d  on the north side bringing volcanic rock of the Fwhmdar  Bay 
formation against all members of the Iyoukeen fmation.  Its rela- 
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tions to the North Shore fadt zone and to the eastward-striking left- 
lateral faults are nok known. Depth of water class to the southern . 
show of Iyoukean Pe~nsula indicates the probability that the fault 
extends along the peninsula and just. off shore. 

The North Fork fault has thrown Kennel Creek limestone against 
the volcanic rock of the Freshwakr Ray fornation. Distribution of 
mappcl units indicates either right-lateral displwment, vertical dis- 
placement with the east side downthrown, or a combintttttion of the two 
wth a horizontal component of displnwment of approximately 1 mile. 
The Kennel C& fadt shows movement sirniIar to the North Fork 
fault, with stmta of t l e  Cedar V,\-e fornation qainst Kennd C m k  
1 imestone along strike but wj th slightly less horizontal displrrcament 
indicated. Neither fault has been cttrefuElp & d i d  in the field. 

The Sonth Shore fault shows the p a t &  apparent horizontal dis- 
placement of the faults in tha northwestward-striking system. Right- 
I~tem1 d i s p l ~ e n f  veftieal displacement with e& side domtl~rown, 
or a combindon of the two is proposed to expl~in nearly 2% miIes 
of appamnt horizonta1 displacement along the i ~ u l t .  Strata of the 
Kannel Creek, M a r  Cove, and Fmhwakr Bay formations am offset 
by the f d t .  Ths Enst Point fadt may be an extension of ths South 
Shore fault or may repmntoneof 8evem1 splitsfromit. It isprs- 
m e d  to have a right-laferal component of movement in word with 
wh%t is known of tha northwdward-striking sgstem. 

The Cedar &va fault may represent the extension of the North 
Short fault, or a aplit from it, that has thrown Kennel C d  lime- 
&no &gainst volcgnic d of the Freshwater Bay formation, which 
strikee into the b a n e  acmm the fault. Distribution of rnzqped 
units indim&% movgment similar to other fa& of the system. 

The False Bay fadt son9 cannot be properly Q V ~ L ~ U ~ L ~ E ~  as to 
displmment and natnre of movement with available dats, North- 
westward extension of the zone benaatll Quaternary sediments is 
considered ptmible. T h e  zone lies mainly within mtorted and much- 
fractured nrgiUite and p y w a c k 4  stmtigraphically below the Kennel 
Creek limedone. At the north edge of the map area, steeply dipping 
clastic ~trata of the older qiUite-gnr-ke unit have been thrown 
aminst gently dipping Kennel Creek limestone, possibIy by a high- 
angle reverse f adt. 

Thm& f dting, with formations having been overridden by thrust 
plates from the northeast, geems indicated by the absence of at I& 
'1,500 feet of strata normally p m t  in the composite stratigraphic 
sequence of the Freshwater Bay area. Near the mouth of Wukuklook 



fleck, Kernel C h k  lim&uns abuts againat the upper lim&ne 
member of the Iyoukeem formation. T h e  missing gtrata include at 
least 7,500 feet of volcanic m k  of the Freshwater Bay formation and 
the two lower meanhrs of the IyonErwn formation. The mgpted 
Waguklook thrnst  zone appears to cross Sonyakay Ridge as a zone of 
para1101 lineaments sonth of Iyouktug fault and may axtand into the 
valley of Iyouktug Creek. 

Thrusts along the wesbnorthwmtward-strikhg False Bay ftult 
zone can neither be mntirmed nor denid on the bwis of pmenl 
knowledge, ETowever, the hacm of the strongly expmeed Iyouktug 
fault do not appear northeast of the mlley of Iyouktug Creek, The 
thrusting probably postdat& both the fannation of the eastward- 
striking fault set and the emplmmmt of the Qypsum C m k  quartz 
momonite. The thrust zone appears to truncate the strongly expreersed 
enstward-striking fhults. The qu& monzonite M y  is presumed to 
have provided a buttress effect during the #rusting that may repmerit 
the latest majar tectonic activity. 

Marginal thrust f aulB occur locally near the g d ~  of tha Gypsum 
Cmk quartz monzonita. Kigh-angle minor revem faults separak 
thin plates of intricately drag-folded limestone near the sharply de- 
fined north contact between the Ilendwaters of 'lVukuklook Creek md 
the  m~tern tributarg of Seal C m k .  Here also the upturning of the 
stmta against the contact of the intrusive body probably indicates 
forceful intrusion. Mwginal thrusts am snspected but not proved 
to the sot~tlth nnd east of the quartz monzonlte pluten. 

In pm-Mddle Devonian the, perhaps in ths Silurian or Early 
D e v o n i ~ ,  an apprtrently unfossiliferous sequence of interbedded 
muddy sands and mu&, mom than 5,000 feet thick mcnmulaM in a 
subsiding trough or basin, 

The muddy sands were deposited periodically by mud-choked cur- 
ren% ppossibly in quiet water below wave base. The sonme must have 
been an area of high relief from which rapid erosion md transporta- 
tion delivered an abundance of nearly unweathed and poorly sorted 
msteriaI to the site of deposition. Most lilrely the mud b d s  also were 
deposited in quiet water. Baause they show no signs of current ac- 
tion, they prob~bly mttled from standing water between periodin 
episodes of sand deposition. 

Near the end of the clastic deposition, maw sand, gmvel, and 
boulder beds were deposit& along the southern border of the a m .  



This probably reflected nearby uplift, which may have marked the 
beghimg of a mom widespread upIi ft resulting in the emergence and 
subseqnent eMon of the Fmhwabr Bay am.  In m y  cmq  elastic 
dimentation endad sfter the deposition of the58 c c i t ~ ~  dasth. 
In the Middle Devonian, following atplift and possible e m s i q  a 

subsiding marine trough again mupied the P d w a t s r  Bay ama. 
The landmass that had sup-plied the cdastic debris was by this time 
either reduced ta low relief or completely subme&. In either C- 
carbonate deposition prs~ailed in the area. Continued subsidence al- 
Iowed severnl thoussfid feet of limestone, the Kennel Creek limedone, 
to accumulate. 

Near the close of the period of depition of the Kennel Crsak lime- 
&one, mry thin layers of clay, possibIy representing ash from distant 
voIcanic eruptions, ware deposited periodically. 

The beginning of the deposition of t,he Cedar Cove fom~tian was 
marked by an influx of d ~ t i c  debris, probably due tm uplift of R 
nearby volcanic tarrain, Mud, snnd, and gravel were interbedded 
with limestone in the early stages. Later, during the deposition of 
the upper part af the lower member of the Cedar Cove formation, 
only c lk ic  sediment was deposited. About 1,500 feet of clmtic sedi- 
ment ~ n d  l imtone  nccumulated before the influx of dwtic debris 
c e a d .  Cessation of uplift and the reduction of the source area to 
a e o n  of low relief probably e a u d  a, termination of clastic 
deposition. 
kn episode of predominantly carbonah deposition followed during 

which mom bhan 1,000 feet of limest011a with a minor mount of 
doIomiEe and Cuff (the npper member of the Cedar Cove formation) 
~ ~ u m h t e d .  Peridc volcanism, prssumably in the sonm area, e 
curred during tha deposition of the middle part of the upper member, 
but wbanata d e w  tion remained dominant. MiddIe Devonian sdi- 
mentation appamntly sndd with uplift, emergence, and emion in 
the Freehw~ter Bay area. 

Fonowing a period of erosion during which in p k  the entire 
W r  Cove formation and a part of the npper Kennel C d  lime- 
stone may have k n  removed, an episcrde of volcanic activity be- 
gan. In the LgtB Devonian more than 6,500 feet of highly variable 
voIcafiio rocla and asxwintd sediment of the Freshwater Bay forma- 
tion were deposited in a subsiding or trough that was, at least 
in part, marine. During the volcanEsm numerous dikes and sills, prob- 
ably in part volcanic feeders, cut the underlying rocks. The Upper 
k o n i a n  m r d  ends with the cassation of volcanism, emergence of 
the Iand, and erosion. 
Xn early Mississippian time, subsidence and encroachment of the 

m resulted in renewed marine sedimentation. The predominant 



carbontrte deposition indicates that the sourn a m s  wem either of low 
relief or distant. Aftar % b u t  600 feet of limestone composing the 
lower limestone m ~ m h r  of the Iyoukeen formation had accumuIated, 
uplift in the sonrca area, possibly to the east, produced a supply of 
clastic material. Mud wits deposited in the southemtarn two-thirds 
of the area, while carbonah w s  being d e e t e d  in the norbhwwtern 
third. 
By Late Mississippian time, the source area was rdumd to a region 

0.6 low relief and carbonah deposition was resumed. Subsidence of 
the sea floor allowed more than 3,000 feet of lim~tons, the upper lime- 
stone of the Iyoukeen formation, to be deposited. The racord of pm- 
Quaternary d m e n h t i o n  ends with the depition of this limestone. 

After the deposition of the Late Mimisippian strata, s t m e s  acting 
upon the area produced major southeasbward-plunging folds. Later 
def omation developed an wkward-striking fault set divlacing these 
major folds. During or after this deformation, the sedimentary 
data were invaded by igneous material. Within this episode of 
intrusive aotivity, all the granitio and dioritic intrusive Miss may 
have been c~mted. Emplacement of the G~rpsam C h k  quartz 
manzonite appears to have been accompanied by marginal: thrusting. 
Subsequent d~formation developed a northwestward-striking system 
of right-lateral faults truncating tke esstward-striking set, Thrust 
faulting from the northenst is pstulatad as the final major recordable 
tectonic event in the area. 
In summary, the sug@ gegumca is : 

1. The developmant of an eastward-striking f d t  set, displacing 
folded Mississippian and older formations. 

8. Msqinal thrusting during emplacement of the Gypsum C d  
q n m  mmonite. 

4. The development of s northwestwad-striking fault rayigstem, trun- 
cating theeastward-striking fault set. 

4. Thrust fsulting from the northeast, covering the eastward exten- 
sions of wstward-striking faults wnd riding wer a considemble 
t hichess of Devonian rocks. 
Although up1 ifk, which probably accompanied this episode of defor- 

mation, undoubtedly initi~ted a cycle of erosion, present-day t o p o p  
plly mny be the result of n later cyde of uplift and erosion. In the 
Quaternary, glaciers reshaped terrain and deposited glacial gravels, 
snnd, nnd silts in the valleys and lowlands. 

Today, with the glwiers gone, streaans am modifying the land- 
s c a p ~ u t t i n g  away the hills, ming in the valleys, and building deltas 
at their mouth. 



GEOLOGY OF THE FBSRWATER BAY AREA 

LITERATURE CITED 

Bowsher, & L,, Dutro, J. T., Jr., and Patton, W. W., Jr,, 1967, Exploration of 
Naval Petroleum Reserve No. 4 and adjacent meas, northern Alaska, 1944-53, 
pt. 3 : 17,s. Uml. Snrvey Prof. Paper 303-A and B, 45 g. 

Brooks, A. E., and other& 1NM3, P r o m  of Invetigations of mineral resources 
of Alaska in 1905 : U . S .  -1. Survey Bull. 284,169 p. - 1907, Progress of Investigations la mineral resources of Alaska in 1 W :  
U.8. Gml. Survey Bull. 314,235 p. - 1908, Prcgreea of InveaHgations In mineral mflrcea of A h ~ k a  in 1W7 : 
U.8. Geol. S m e y  Ball. 345,294 p. 

Buddington, A. F., and Chapin, Theodore, 1M9, Geology and mLneral degosits 
d southea&rn Alaska : U.S. Geol. Burreg Bull. 800,398 p. 

Correna, C. W., 1950, Znr Gwhemle der M%gen~@, X Daa Verhalten von CaCOa 
nnd BiOz : Geochim. Coammhlm. A&. v. 1, p. 4 W .  

Emmons, R. C., and Gates, R. M., 19-18. The use of Becke line colors in refractive 
index determination : Am. Mlnemloglst, v. 33, rim. %lo, p. 612818. 

Fllnt, G. M, Jr., and Cobb, B. H., 1953, Gypsum deporrits near Iyonkeen Cove, 
Chichagof Idand, mutheastern Alaska: U.S. Geol. Survey Bull. =B, 37 g. 

Kindle, E. M., 1907. Notes on the Palmzoic faunas and & r a m p b y  of south- 
eaaten L h k a :  Jonr. Geology, v. 15, no. 4 314-37. 

Kirk, Edwln, 1918, P a l d c  glaciation in southeastern Alaska : Am. Jam. Scl., 
4th wr., v. 46, no. 213, p. 611-515. 
- l w a ,  P$rmdeenaQ, a ~ e w  rnollu-n genus from the Silurian of Alaaka: 

Natl. Mug. Proc., v. 71, art. 20, p. 14. 
-1927b, Pydmdemw, new name for P g W e m a  Elrk not Schrammen: 

Wasbinffton Acad. Scl. Jcrar., r. 17, no. Z l ,  p. 543. 
Knopf, Adolph, 1912, The Sitka mining dlstrid, Aladm: U.S. (feel. Survey Bull. 

w 82 P. 
Krynlne, P. D., I!+#, The mimscopic study and &?Id clasdfication of sedimen- 

tary rocks : Jour. Geo lw ,  v. 56, no. 2, p 13&1W. 
Knenen, Ph. H,, 1958, Bignlficant features of graded bedding : Am. AMIE. Petm 

lmm Geologlh BnL. v. 37, no. 8, p. 10QelOg6. - 1957, Sole markings of graded grameke beds: Tow. Geology, v. %6, na. 
3* p. Bl-2.58. 

Mansileld, G. R, 1927, Geography, geologg, ma mineral resonrces of part of 
mutheastern Tdaho : U.S. Oeol. Survey Prof. Fapr 152,463 p 

Nolan. !I?. B., 1936, The Gold Hill mlning district : U.S. -1. Survey Prof. Paper 
171,172 p. 

Pettljobn, F. J., 1m7, Sedlmentarg roch : New Pork, Harpra and B m ,  118 g. 
Wgera, John, W, DIatLnmon between calcite and dolomite on polished sur  

fa- : Am. Jour. Sd., r. 2%, p. 78S-798. 
Smith, P. 8., 1932, Mineral resenrces of Alaska in 1929: U.S. Geol. Survey Bull. 

824,los p. 
Wentworth, 0. K., 1922, A wale of grade and class terms for claatic sedimenb: 

Jonr. Qeo1og7, v. 30, p 377-392. 
Wentworth, C. K., ana WWllliis, Howel, 1932, The claPhsifkation and terminology 

of the pyroclnstic roclca : Natl. Research Conndl Rull. 89, p. 1 W .  
Willfam& Rowel, Xurner, F. J., and Gilbert, C. W, 1954, Petrography, an intro- 

dadon  to the study of rwks in tbln sections: San Francisco, W. H. Freeman 
and Co., 408 p 





INDEX 

p# 
&e and mmlatim ................ 013. 16, 32.31.38 

Ceds (lover f-Urn ................... 22-23 
Freahwah Bay formation ............... 3142 
Iyoakwn bmatim~ ..... .........-...... 32-37 .................. IIenueI Cwek limestone 16-17 
BilWao or Devonian mlkS ............... 13 

~ b p h  limestm6 ............................ a7 
Akxundsr krchfpelnga .............. .....-.. 2 
dndeslte dliresland sllb ...................... 43-44 
Andesitfc PIIBIII~I .  UPPBT. B W m t w  BBy 

formath ........................ 'gl-28 
m u .  Admlrsltp Island ................... 3 ................. ArgUllts and gmysaegs ml4 11 
Arglllite aad @~swacke ...................... 8 
Arglllitem~umce ............................ la11 
Afk03tc W Y W C ~ ~  ........................... 8, 10 

Bmflfmmstfon ......... , ....,,,. .-. . 37 
d m ............... . .  7 
Biblio@phy . .............................. 61 
Boat Harbor ................................. la 
Bmmr tornmtlm ............................. 87 

Cedar Qova .. ......................... 14,17.23. 1 
W a r  Cope i n a t  ............................. 47 
4 M a r C m f w m a h  . &B,14,l&,l74.81.33, 47.49 . age 8nd eorwlntiw ...,....,,........ %23 

dlstrlblMon nnd -phi0 I ~ O L -  17-18 
stmtigmpby and w p h p  ....-...... 18-!i3 

Cdsr hladt .... ......................... 17, 'R. 23 
Ubatham 8mit ............................. T7.14 
Ctimata of Fmhwstnr Bay . ...,.,......... S 
fiESgi0-h 8t E w ~  P0ht ......,...,.,. 15-13 
Contact memmmphim ................*.. 14 41.4.3 

Dewwbn or B U w k i  rwh .. ....,...-..,. &U 
Devonian mks .. ........................... l a 2  
Dikes and sills ............................... 43-45 

nndealte d W  md .... ............-. 4 3 4 4  
s ~ ~ a r t i t e  lnmpopbm .................. W-43 

Dlstrlburion and t o p o g r n g h l c ~ ~ - ~ ~ ~ ~ -  6-8. 
18.17. 32 

( 3 a d ~ C ~  EwmaW- ..-.. ., .... -.. 17-18 
Fmhmter 8 8 ~  tomb ....-...--. 23 
~ O U ~ W  lmm~ti~m ..... .........,...... 32 
Ken1181 C m k  limeetme .................. 18-14 
Sllurlan or Devonlan & .............. M 

HlastPobt ..................... 8,1&lS,14817.18. 24 
East Point fsult  .......,..... 47 

....................... 8-11 
False Bay ............................ & 7 . 4 %  10, 1% 

wl8ita and g m v c b  oapmm .. ....,. 11. 
IQU1 p. cone ................................ 17. 48 

Prim .................... Fealts end hemmmL C4E-48 
Faults. aastward &Mng and wmd&d liass- 

meurn ............................ 413 
marginal thrust. ncm Intrusive Wi .... 48 

................... n o r t h ~ t w a r d  a W n g  47 
nwthwestward strikhg md agsodstad 

lineameats ....................... 46 
Fm.-.................. %1&1&17, q q q 3 7  
Mhwaler h p  Iwmatbn .,................. 17. 

1 8 . ~ ~ 7 . 4 2 , 4 3 . 4 6 , 4 7 . 4 8 ,  48 
....................... a p d  mmhtim 31-32 

dWbuUon nnd t o m p h l c  expresaton.. 23 
................. lowtrr gmaptone member H-25 
................. middle rhaoUtic member a5-28 

northmat limb oI ReshwaUr B~ay myn- 
clln~ ................. B-BBBBBBBBBB a h 3 1  

mukhwt limb pr Freshwater BBI s gn. 
c u m  ............................. 34-38 

BuBugrapa~ and p w m p h ~  .....,..., w i  
upper and&tIo memhr .................. 28-88 

................................ volcanism 26 
Fmbwater  Bny umdho ..................... 6. 

419~.W~.N%8&8484~~8888BB. 48 
northeast Umb ............................ a841 
mothweat Ilmb ........................... 24-29 

FreshwaterC~~L .,,., .......... ., 9.11.26. 27 

...... . QeologiD b h W  ..., ..,............. 4&60 
Gold Hill dFstricl. Utah .................... 11 
28mgwacg%. arb& .. ........................ 9. 10 

high rank ................................. 1 4 2 0  
Grwn%U,m. the term ............. 25 
GYlMtIm C W ~  .,.,...- ....... & m.ad, a.m. @ 
Cfmsum Ceeh plnFae ...........,.,..... 40 
Gypsum Creek q u a r t s  m m t t k  .,.,., .. a 

w w . ~ . a .  +%M 
dfstrlbutlon end hntbn ................. 88 
pstmmphg ............................. M 
contect met8mprpMwa .. .............,. 10 

Qgpsam dsmlts ............................. W B  

~ ~ g b - k  r n m k  ....................... 10. m 

lntmdaath ....... ...-....-..... *....... 2-3 
IntNsrw 1 ~ s o a s  roe& ......, ......,.... .. 3 7 4 5  
Iyaulwu Cove ..................... 4,6.18. EZ, 84. 45 
lyouban lormaurn ....................... Z4, a.m. 

a i , = . s % w a a . y a a , 4 s ,  w o  
mandmletIw ....................... s t 4 7  
diabibutlon tmd tolmgrnphto mpmdon- . 32 
Wpsum depdta , ...................... 84-37 
8tratImph~r and petrompby .......... 124 

Iyoakeen Fenlnaule. ... ......-........... WW.47 
Iyouktn~ Creek ................. 3.8, 10, l8.a.  46,4% 
lyouktu~ fault ....... ....................... 48, 48 

C63 



INDEX 

. - - 8'1 ........ Xmol cmet .*.........-. **-* % 4 7, 11. 
y IS, 11, y 17, in, 18. ar-za, WM, 41 

mal ~ r m *  hulk ................._...._--+ 17,47 
Eunne1Creskltmee-tme ........... 48,11,1S13-17, 

i%m, ~ a ~ , s s . r z q ~ 1 7 . ~ ~ l a  
am m d  cotmww- ** -+..---. * ---+*----- lc-17 
dlatribation and tarmmshia --- Is14 
aunt&mphp -+.-.--.. hhhhhhhhhhhhhhhhhhh 14-16 

Em01 Creek platcm- ----,. ,- ....--------- QO 

I P*cC 
at* BUY* - -- --------- * -.---------- C18 
h l  Omk -----.-..-,,..+-..---*- &Si$Y42.44,45 
811~Wmn or hvmfm &Illla 6nd mywncke 

-08 ......................... W14 
811- or Xkvonlaa mb. .................. c-13 
51th D-8 quadrmgle- .-.-........-.......,. 2 I 
aitk8 IFI Q o 8 d r U O  .......... -.*- ---.-- &6 
8ltkaspmce .................................. r 
Sm8tI plaurm .............................. M*9 
$ony&np Momtsln --------,.----------.- 29 
Eonyata~ R l d ~ e  .....-,,. -,_..--.*--+--- 1C1448 
&nth Fork of Fmabatcr W .......-.-... .9.11 

n e - w t  a n  
M l r m t  limb of RWmmttz BW #mehe.. M 

P M O  mta-----.--=---------- ---- 8 
I d  - - - - - - -  8 1 
Pavlof Rkm. --.--...-.--------------. an7 
Pluton at tba of w------- ma 
Plutnn, -tau r n & m o r p m  ------..-----.- 4142  
Plutm8, A--.----..-.-.--------------- 4243  
Porpbydtie - d a b  .,......-.. - .----...----- 
Port -&------------------------- T*%m.82 
Predpitatlm of fiESt~WUtca B.9 ..---..- -- 3 
Prevlona InvdmflW of ------------ 4-6 
Pnrpaaa md wow- ..-..----..-...-.-___, W 

~ ~ ~ t ~ ~ d m  .,....,....- ..--. .-.. m.n 
-iff w ---,..---.....-....-.,---. 
Rbgollfl* -w, mmrca B~~ ----,..,-----.---.-..-* B ~ Z B  

farm&on ..-.-.-I-.+--........---**- 81 

. . .  - 

strstirn~n~ ~ ~ W ~ ~ D I I Y  --.-------- 41%2%g~ 
Cedar Cove formatdtloe ..,....,..---. = lR-P 
Frsshwater Bay lormstiun ....-.,. , Z4l 
fppllbeea 1-tlw. ..--.*..-.,...-,. 82-34 
HUarian or DmpIsa maLs ......_--...,,- 8-15 

B b m p b y  __.-.-.,-. hhhhhhhhhhh i t 1 6  
8mctm ....---.---------.-**-~----*.--* 1618 

T-par,m of- ....tmetmetmetmetme.tmetmetmetme.tmetmetmetmetmetmetmetme 1 
TeMkmItlw .,--,........ , .............-- %%a 
TblnsseWow NmEL ,--...........d--.* B 

1Tmuimsd ~ M f a  end. w m .  ....,....., 
Wudmantb Ilm~~twne --,+. .- ....--....-.. 
Wsahusatt Ome.. ....-.,.,...-.-.... .... 24.25 
Wmtwwthglain~sats .,,..,. .,. 6 
W~atern hermloct . --... 1 
W-k---------- 9X2Rmr0..81H47-(B 
W ~ h k l ~ k  U m t 9 t  LOw ...-..- ...---*-----a- 40 


