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MINERAL RESOURCES OF ALASKA 

GEOLOGY OF THE GEIKIE INLET AREA, GLACIER BAY 
ALASKA 

ABSTRACT 

Tbe Gejkie Inlet awn is in the Glarier Ray rpglnn of mutheastern Atnska. 
about 100 milw northwest nf the city of Joneou. The area I s  rnountain~us 
with relid of slightLv more than 5,000 feet, and t h ~  roautline is deeply indented 
by fiords and Inleh. Most of the western l~nlf of the area ia covered b~ gladertr. 

Beds of metamorphoserl marhe sPdimentary and volcanic rock conertitute 
nbout one-third of the bedroclc expowd In the area, and total 23,000 feet nncl 
possfblg more of stratigraphic thielme~~~. Inclltded in this is one sequence 
8,000 feet thivk composed InoRtly of limestone b M s  with some Intercalated 
beds of shale and volcanic rwk In the upper pa& The lower pnrt is of rela- 
tlvely paw, gray Ilmeutone and contalns fossils that have been tentatively 
identified as helonging some\vhere In n Silurian to Permlan age range. The 
bedded roclts also include a Requence, possibl~ 15,000 feet tbick, composed 
largely of metamorphmd shale and gra~wacke beds, bat containing large 
amollnts of Interbeddm3 limestonp and rolcanic rock. The shale, which incll~des 
calcareous nud delomitic sbnle, and the grayw~cke have been metamorphoRerl 
to hornfels and granulite and hare pretIt#nlionntly granoblastic textures. The 
most common minerals In these nietnn~orphowierl rocks RW hornblende and 
oligoclase or andesine, with the acl<iitlun nf dirbpsids where the c o m p ~ i t l o n  of 
the orlglnal wdlment favored i t s  fonnntiw. 

TITO other bixlded rwk units, Itnving a thickness of n few hundred fwt at 
the most, are exposd at only two lwalltles: they are a bed of cnnglomer~te 
and a sequence of ng i l l i t e  and graym~cke. Thr rock in both unih  is relntively 
unmetarnorphos&, which indicates firit the two llthits pmhahly are t~nrelsted 
tn the other bedded wqnmces In t h ~  aren. 

Limestone of the Rillnughhy lilneutone formation  robabl ably of U t e  Sllllrian 
age) forms one i~olated outcrop within the area, hnt its relationship to other 
bedded rock In the area has not been detennllled. In adjacent areas the 
Willonghby limestone forms large and conspicnoii~ outcrops that reval  a 
stratigraphic thickness of more than 5,000 feet. 

Bodies of diorite ranging from 25 feet to 12 miles in length are distributed 
through the area; altogether thep total about one half of the bedrock exposed. 
The largest of these, LTi the western part of the area, is a fairly well defined 
elongate northward-trending body. The rest of the diorite Is distributed in many 
umaller and less well defined masses through parts of the eaatern third of the 
area. 
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A notable characterfstic of the diorite is  the hetemg~nelty nf itu nppeamnre. 
This hetermenelty IFI due to the prono~lnewl i r r ~ g t ~ l ~ r i t y  tn textme, varieb 
and abundance of inclnslons, and the ~c~t tered  mimatit ic  #tlnt.s In the rock. 
Tbe frregalariQ of t~xtare in due to varlatlonx ir~ the of conzrtrtuent 
mineral m l n s  and the irregular ontltnes of the larger cryshls, whlrh nre 
t~plcally porphmblastic. This textural irreaulnrity lu 1noAt pronnunwd near 
contacts between diorite and berlded rfrck where brand irremrl~r snnm of 
~rndatlonal tSpes of rock hare formed. I n  many of them places nllm~ntltrr rnck 
haw formed; the niigmMtic rock, m1tIch Is composed l a r ~ e l ~  of  porDhyrnblnstlr 
plaglorInae and hornblende, 1s termed hornblende-pln~locIme rock In this report, 

Another characteristic of the diorite i s  planar PabrIe that I s  mflert~d by 
gneissic banding and oriented hclusione of both berlrled rork rind f ln~.grnln~l 
diorite. The orientation of this fabric follows a genernlly llnrthwnrd strikp ant1 
IR pnrallel to the pr~vailhg strike of the hedded rockr;l in the arpn. Thin pnmllcl- 
Isnl h maintained ncmss mntncta between dlurite and hedtled rock re~nrcllmn 
nf whether the contact Is parallel to the bedding or at right angles to It. 

Thew g m  feat- of the diorite, and other srnnller m l e  oum indlrntr? that 
the diorlte Is of metn~rhorphic ratll~r than imeous o r i ~ n .  
9Itree stocks of  grnnodlorite, ranging from half a sqmm mile t o  10 qnaw 

1nlle9 in nrea, hnve been intruded into the diorite and bedded  rock^ in t h l ~  
arm. Them stocks maF probably be correlated with similar bodies tbat were 
intruded during the Me~ozoic era in other parts of muth~a~rtern Alnskn. 

Withln the mapped area the stnlctnrnl trends in the dlorltc nnti the bdderl 
rock generally follow fa strike ranging from north to northenst with d I p ~  
ranging from 60' to B O O  E. This trend constftutm a divcw~nce fmm the 
mlannl nnrthwwtwartl trend that prevails throaghout most of mntheantfirn 
Alntrkn, and nlag powihly be an indication that the Glacier RRS nrea lies nmr 
the mawtn o i  the strnctuml pmvlnce that extends to the soutbeaat. Moat  
f n u l t ~  In the  arm H ~ P  pnrallel to the regional trend and strike northwestward : 
Shnn Cove, TpndalE Cove. and Fawrite Fiord are eonspicnoos exalnple~ a€ the 
cxpreeolonu of such faults. Most of the other faults In the area are a t  right 
angle# to t h i ~  northwesterly t m d :  nmong thew are the faults that probably 
drt~rmlne the position and t r ~ n d  of Gelkle Inlet and the g o ~  of Abyss Lake. 

The arm In now mrtly covered by valley ghciers, and withim the p a ~ t  8 . m  
genrn hns W n  IrIrgel~ wvered several thm ~ i t h  ice sheets or*inatin~ to t l l ~  
north rind n- st. After enrb retreat v£ an ir* sllwt, forests of liernlock and 
R ~ I ~ I I P @  Rc)nrlshecI onlp tn be ovemhelmed and buried by the succeeding ice 
~heet. Ilntfnp of thew $nrled t m  b~ rndfocarbon method8 ha8 determin~l  
the tlmm of wcch nf t b ~  Icp atlvanws. The most recent advance tmk plnw 
within the Jaet 5W ymm and the retreat began about 150 gears ago. The valley 
gl~cierrr within the area arc d l  retr~nting rapidly a t  prewnt. 

NO mint-rnl dpln,sitq of cmnomir vnlue were found in the Rrea a l thou~h mtrong 
magnetic anumnli~s In one p l a n  suggest the presence 05 buried magnetite. 

INTRODUCTION 

The area described in this report is about 80 mil- west and 25 
miles nnrth of the city of Jutwnu, Alnslm (fig. 10). It includes 340 
square miles on the  at side of Glmier Bay and lies on the north, 
west, and 9011th  side^ of Gikie Inlet (fig. 11). It extends from Hugh 
Miller Inlet on the north to Serrtxcl Paak on the south, and from 
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TIingit Peak on the east to the central part of Brady Glacier on the 
west. The boundaries are 136" 20' and 136" 50' west longitude, and 
58" 30' and 58" 45' north latitude with the exception of one s m ~ l l  spur 
that projects north of this latitude. It comprises Mount Fairweather 
quadrangle C-2 and the east half of Mount Fnirweather quadrangle 
C-3. 

PREVIOUB INVEETIOATIOWS 

The first investigation of bedrock geology in the Glacier Ray 
mgion wxs m d e  in 1890 by H. F. Reid (1896) and H. P. Cushing 
(1895). This was a reconntcissnnce study of areas near the shores of 
the bay and its inlets. One of the major ~ont~ributions of this study 
was the determination of the age of a conspicuous and widely 
distributed Upper Silurian limestone unit. 

A second and more inhnsive geologic mapping program of the 
Glacier Rtty region was strbrrted in 1008 by Ji'. E. Wright t~nd C. W. 
Wright for the XJ. S. Gemlogical Survey In-rittan ~ornrnunicat~ion) . 
The fieldwork was completnri in 1931 nfter n 25-year suspension of 
the prajjmt. Their report det~lla pri~eipully wjt 11 glacintion and glacitil 
history, hut i~ilcludes n sect,iun on the bedrock bf this ares in n de- 
scription of the general geology of the region from Tnkn Jnlet .to 
Lit,uya Bay. 
In 1910 6. B. Mertie, Jr. of the U. S, Geological Survey spent 

several dnys in the Geikie Inlet and Hugh Miller Inlet areas studying 
the outcrops along the shores (field notes in the files of tho IT. S. 
Geological Survey). 

In 1941 J. C. Read of the U. S. Geologic,J Survey spent two clays 
in the area at the head of Geikie Inlet in the course of investigating 
mineralization in the region (field notes in tho files of the Geological 
Survey). 

No fi~rther record~d investigrkion of this area was made prior to 
the present st,~idy. 

PREIENT INTEST1C)BTIO~ 

The present investigation i s  part, of mapping program planned 
for park of the Glacier Ray region. Tllei fieldwork was done from 
June to September in 1050 and dt~ring the lastst three wmks of August. 
in 1951. The author was assistd in 1950 by Dwight Crowdex and 
Hermit Bengston, nnd in f 951 by Clifford Ilopson. 

Aerid photographs of 1 :20,000 and 1 :40,000 welo mere used for 
field mapping as no accurate map of the are% existed at the t,ima the 
fieldwork was done. -4 planimetric rnap was compiled subsequently 
by the author from aerial plz~t~ographs, with control data furnished 
by the Topographic Division of the U. S. Geologicd Survey, and was 
used as a base map in the office. In 1954 a, preliminary copy of a 
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topogrpllic map of Aro~lnt Fairw~ntller C-2 qunclmngle r n s  supplied 
by the T o p p ~ p I ~ i c  Division RIICE this, comhi~iecl wit11 the 3lount 
Fairmeather C-3 quadrangle portion of the plauimetric map, pro- 
r i d 4  the base map for this wport. 

A cruiser-t.ne lwrtt. procidwl l iving q~~nrters for the pnrty in the 
field, and trnnsportntior~ to the nenmst town for supplies slid mail. 
A mall fitst outboard niotol.lmnt \vns n w l  fnr dnily co~nmuting to 
the work areas. In the indcrior n~vns tlte pnrty tr i t~cPd 011 foot, nnd 
equipment \ms transpotterl by pnrk nnR sled. I4spetldni)le supplies 
such as food and fuel wet* tni~~sportetl l ~ y  plnue nud dropped fro111 
lorn altitudes onto soft snoiv. In tho \vestem areem tive different 
camps were esta11Iislied for ~v\.or.k on a c o r ~ t i ~ ~ u o ~ ~ s  circuit route vji~ 
&ikie, Rrady, Aurora, I-Xugh Miller', ~ n d  Clinrpenbier Glnciers, 

In the prepntxtion of this report, IJrof. Peter Mj.41 of the Uni- 
veni ty of Washington genesonsly wriezved the work t~ it progmsscd, 
rind oflered many helpful sug~~stio11s. 

The time assistants +\*11o b~ l lwd  iri the fieltltt-ork, TIwigl1b; Cro\t-rler 
find ICermjt Ben@ 0x1 in 1950, nut1 Cl i fiord E lopmn in l!).'rf, not only 
Eun~isl~ecl much technicnl hell> but nlsrr, kc nu^? of t'llcir outst~ncl in~ 
mountainwring abilities, contribated p n t l y  f o the mfety of the 
p8rt.y and to t,lla speed with ~ ~ ~ l ~ i c l a  the work wns nccompli~lied. 

GEOGRAPHY 

PBPSI0CfnAPEl-F 

Tile Geikie 'Inlet a m  is bordered on the nortl~east by GEncier Bny 
rind is de~ply  indented E,y t\\*o finds, or inlets, thnt extenci from the 
h y  into the R~PII. The larger of t k s e  fiords is Geikie Inlet, ranging 
in from 1 to ll,$ miles nnd nearly 9 miles 1 0 1 1 g  This mlntively 
stmight inlet. extends south\\-estn-3rd from Glacier Bay into t,Ile 
central pnrt of the nren and i ts  mst l ine  is inde~itetl on t,he ~iout,E~east 
side by f m-o smaller inlets, 1'yndxll Cove nnd Shng Cove. As its trelld 
i~ riormnl to the direction of flow of the major ice sheets t,hnt, fillell 
all of Glncier Ray, i t  has not hen carved into a steep-walled fiortl 
as many of the ir~lets htrve. 

The other fiord in the area is Favorite Fiord. It, extends R O U ~ ~ I -  

eastmnrd into the nrpn from Charpentier Inlet and forms H, canyon 
with walls 1,500 feet high on sither side, an average width of a 
quarter mile throagl~out its 4-mile length, and n maximum depth of 
about 000 feet. It; wotrld connect; directly with the water of Geikip 
Inlet, isolating I he M o ~ ~ n t  Fn-vorit-Hngh Miller Mountain area rts 

an island, wem it not Mock~d off nt the muthestst end by a delta from 
a side valley that has fillcd ahout a mile of the cllannel of the fiord. 

4691 1 &69 -2 
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The nrea is predorninnntly rugged with nn oveldl relief of 5,000 
fwt and a local relief on some cliff faces of RS muell as 2,500 feet. 
Sharp-spired pe~ks, high, nnrrom ridges, nnd sheer-wnlled vall~ys 
tlmt hare h e n  produced by dpine glxcint ion nlre prevalent. Most of 
the larger valleys in the wntral and western pnrts of the nren am 
still occupied by dmiers tlmt descend nenrly to sea level, hut nll t h e  
glaciers, nre rwe&ng rapidly nnd if the prwent climatic conditio~is 
continue their termini mill eventually be high up in the mwmtains. 
The west side of the ares incIudes the margin of n vast piedmont 
glacier caller1 Brady Glncier, which has its source in the higlter 
mountains of the Mount Bairmeatlier Range to the west, Unlilte hlc, 

valley glaciers to the east, there has benil little flllctnntian in lleigllt, 
of Brady Glacier in the past several hundred years and t,Ilert! will 
probably be little change in the near future. 

Weather records are maintained at the Cape Spencer ligI1t11011se, 
20 miles south of Mount Fnir~a t~her  C-2 quadranglo. Altl~ougb in 
this region the weather varies locally and is affected by topography 
oad by proximity t o  the ocean and to  I n r p  glwi~rs, the ~vent,l~er rec- 
ords for 14 and 18 years for precipitntion anrl tamperah~ra rcspcctiro- 
ly kept at this station do give .e general iden, of the weather tlist prc- 
vzitils in the Geikie Inlek area. These 1.ecords show tllnt the nveram, 
nnnunl pre~ipit~ation is 111.63 incl~es and the nverago annual trrnpern- 
turn is 42.2"F. The average mmonhhly y~ecipitation far t,ho s1;ummer 
months in the area is a.2 follows: June, 5.74 inches; July, 7.68 inclws; 
August, 9.1 inches; and September, 15.4 iilches. TIIF! RvRL'nge temprn-  
turn for these months is : June, 49.1°F ; July, 52.3"F; Alignst, 52.GoI*'; 
snd September, 50.3"F. 

The following taMe of we~tlier records rlns noted by tho ~luthor 
during the summers of 1930 aild 1951 gives t,lm p~rco i~ tng~ ,  of clays 
in each montl~ that were predominantly clear an$ Runny and the 
percentage of days during which i t  rnincd fairly 1it~rCZ for more t,hnn 
half a day. Them records illt~stmte the dificalty of predict,ing how 
much gmd wet~thcr is p i n g  to E38 a~ailable for fielil\r.ork in a sr~rnmer 
and during xhieh pzd. of the mmmer it will occur. 

Record nf clear atad ming dayrr, in percent, for the 
summers of 1960 and 19.51 
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The record from 1951 shows that the number of rainy days was 
greatly exceeded by the number of clol~cly clap. However, as the 
clouds usually lie only a few hundred feet above sea level and en- 
velop everything above this in dense fog, fieldwork is hnn~pered nl- 
most as mucl~ by cloudy meather xs it is by cloudy and rt~iny wenther. 
Another climatic factor affectiug fieldlr-ork irr tlte man is klle per- 
centage of time that the ground is covered by SIIOW. On the first of 
lJ~ne the entire area frorn.~ejkie Inlet north is normally still cer~s-ed 
by a deep thickness of snow from the high-tide line to t,Ile: summits of 
the peaks, and by the e ~ c l  of August f ~ w h  sno\\- aysin covers t11e 
slopes above P$(W feef altitucle. The gl'entest i t l r t l  of b:tl'e pvotiud 
is expcysed en]-ly in L1~lgust. 

HemIeck and spruce trees are limited to s few localities ix the 
soutl~ern part of the area  here they ewnped destr~iction by tlie 
advance of the lmt ice she~t.  Prior to t,he advance of this ice sheet 
they were widely distributed and prolmbly cov~red all slopes ap to 
nn alt,ittud of a b u t  1,500 feet. The. p r ~ m ~ C  climate, is favorable t o  
the growth of spn~ctl and hemlock trees nrld evenhlally tho area n-ilI 
be covered by fomts of thelri. ;It present p i P t s  of the HrCi t  he1011' 

9,000 feet ultituds ~vliiclk llave been free of g 1 ; d e ~ s  for. r ~ t  let~st 25 
years u r e  derlsely covel-ed 114. iz tl-,ulsitionul star~d of c~tt,on\~oad t l w s ,  
wiIIow trees, ulder, attd i~ritsl~. Sdrnonb~rry  bushcu tind devilscluh 
nre common south of Geikie Inlet but have not, yet become establisl~cd 
north sf it. 

r n H B L S  

Wolrfaq, black bears, mountain goals, Innd ottcrs, marmots, and 
smaller rdents live in tlie awn. The glacier Iwn~', n vmiant  of  the 
black bear with color mtlrliings .~1'~*ml>ling t l i w  of 3 Sinmese eat, 
ranges into the soutliorn part, of the area but is .:I&, rtbundant. Fot~l, 
h t h  migratory nnd no~unigrata~y, tlm nbundnnt and include 
ptnrmigan, bald eagle, golden engle, Gt~nadinn goo*, several species 
of dmks, puffin, coot, corrnornnt, and sea gnll. The geese and some 
of the ducks, especially the scoters, form flocks of thousnnds and at, 
times cover acres of water. 

Sea. life ia nbundant in the area u*it,h the ever-c~arious hnir wnI 
Mng the most frqnslltly seon animal of this group. Nthough 
efforts are being made to exterminate them, they are sti1I present in 
nll parts of the bay. 'Humpbnck whales am ~ I s o  wen, commonly in 
mn1I groups, and according to biologists the inlets of Glacier Bay 
are a breeding ground for them. The humpback whale is not at all 
timid and sometimes can be approached with a small boat within n 
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few feet. Killer whdes, the: predators of the hrrrnpbnck whales, are 
also seen wcasionaIIy in the bay wl~ere their high dorsal fills mmk 
them conspicnotlsly, but they tend to be shy find are Rificult to 
approach for close observation. Violent battles btween n l ~ ~ ~ m p b a c k  
whde and a pack of killer whales somet.imes take place, nceornpnnied 
by tremendous splashing and noiw that can be henrd for 5 miles. 

The salmon is the most abundant fish in the n m ,  nnd also flle 
mast important commercially. Many of the small clear strenms in the 
area am used by the salmon for spawning in spite of the fact that 
these streams have become accessible to them only recently after 
lrithdrawal of the last ice sheet. Enough snlmon spawn in t,he new 
streams to popnIs,te them guiclclly. This is contrary to n long-standing 
tradition that a salmon always returns to the stream in which it was 
spawned. Other sea life in the, aren are halibut, sculpin, cod, shrimp 
in several sizes, and crabs including the king, Dungenem, and tmnsr. 
Many other species of marine life are undoubtedly present but were 
not identified by the author. 

CULTURE 

The Geikie In let  area is nnjnhabited at present and no evidenm of 
ea~lier occupntion was found. However, if people lived in the area 
prior to the advance of the last ice sheet, all evidence of this wo~lld 
have been obliterated or buried by the advancing ice. An item of 
evidence hvoring the pos~ibilit~y of an enrlier occ~lpation is furnished 
by at Tlingit Indian legend which relates the  tory of an ovwu~tion 
of a village in the Glacier Bay area because of the rtdvnnos of a large 
ice sheet (Houston, 1952, oral mmmunication). From the glacial 
evidence availabie this mdd h ~ v e  happened rts recently as 300 years 
ago- 

T ~ S P O R T A T I O N  Ax0 kCCESSIBIZITY 

The channels and inlets provide excellent mmibi l i ty  h t , h  by boat 
and by seaplane. A small plme can reach the Itre;& from Junert~~ in 
an hour, and tt boat capabie of 1Q knots sped can reach it in 12 to  
18 hours depending upon tlia tidal currents. Several good ~nchorrtps 
are to be found in Geikie Inlet, the k t  protected one b ~ i n g  a tidal 
l:~goo~i fonned from n kett.lehole on the delta between Geikie Inlet 
and Favorite Fiord. It js well sheltered and large but if; can he 
entered or left only on a tide higher than 17 feet,. However, n boat 
m l d  be left here unattended for  weeks with relntive srtfety. An 
excellent anchorage for one hat  is provided by a small, nnrrolv cove 
half a mile west of the tidal lake on the northwest shorn of Geikje 
Inlet. This cove was used during the entire field se~son in I950 by our 
party and h i s h e d  safe protection even during ahsenme of 2 
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~veeks duration. The waters of Geikie Inlet are rarely rough so that 
adequate moorage can be found at many other places along it,s shores 
~ n d  side inlets provided tlze boat is cllecked daily. Hugh Miller Inlet, 
also provides a number of f ~ i r l y  sheltered anchorages altlougl the 
presence of se~-erd uncharted reefs necessitates caution in navi&ing 
this body of water. 

Parts of the area are accessible by a plit~le equipped with a com- 
bination ski-wheel landing gear, Landings could be made with this 
on Aumm and Brdy  C?lnciers at, any time of the year and on 
Charpentier Glacier and po~ ih ly  Geikie Glacier during the winter 
and spring. 

The practical meam of travel 11-itltin the area is by foot. Equip- 
ment and supplies may he transported by packing and sledding, and 
by dropping, either free fall or wit11 paracllutes, from a pl~ne. 

The area described in this report lies within the broad mountain 
belt that encompasses nll of southeastern Alaska. Tlie bedrock in 
this belt is largely of sedinle~~tary and igneous rocks of Pttleoxoic and 
Mesozoic age and includes n small amount of m k a  of Tertiary age. 
The regional folds ~ n d  f nu1 t s 1lnl.e nofihwestmard-trcnding axes. 
This uniformitmy of trend is reflected in the alinement of the mountnin 
ridges and of the long, straight d~mlnels, inlets, and valleys. 

The rock of the area includes a sequence of limestone, granulite, rand 
bornfels beds derived from marine ~edirnent~ary rocks. An estimate has 
been made from a few poorly preserved fossils that the age wpre- 
snted is posbSilurinn and PIT-Triassic. One limestone body that 
forms an isolated outcrop in the area can be carrelated with the 
Willoughby limestone, wl~ich crops out in acijacent parts of the region 
and which has Len tentatively determined to be of Late Silurian age. 

As the Willoughby limestone is tlze only rwk unit in the area with 
an age that is moderately well establislled, a description of outcrops 
of this limestone that lie a fen- ~niles east of Mount Fairreather G 2  
quadrangle and in which the diagnostic fossils were found is pertinent 
bo this report. The limesto~le makes up the entire bedrock of Fraacis, 
Drake, and Willoughby Islands tlmt all lie east of Geikie Inlet, and 
it mas here that, H. P. Cushing in I890 first collected fossils. From 
these fossils Charles Schucllert, determined the a@ of the limestoile 
to be Late Silurian. 

He considered a l a w  species of the genus Lspwditia: to be ding- 
nostic (Brooks, 1902). In 1906 C. FV. Wrigllt, md F. E. Wright 
collectd fossils from the same lwdity and E. M. Kindle identified 
them as including the following: Linaopte~a sp., P a r a c y ~ h  sp., 
P&u~ota11~&& 11. sp., J h h b o n h  sp., and .dfegnbm.ecs sp. (Wright, 
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F. E., and C. W., 1937). Later Edwin Kirk described two new genera 
from this same locality, a gnstropod which he named Bnthmptem.us 
liratzba (Kirk, 1928), and a pelecypd, previously identified as 
Megalomas, which he named Pymodesma gigante.um (Kirk, 1925h) 
and later chanpd to P y c i n o d e m  gigantezm (Kirk, 1928). In 1849 
D. L. Rossman and the author collected fossils from this locality and 
Edwin Kirk identified them as Enmotoma sp., Coelocmlm sp., 
iTobpea sp., Eecylimphalus, and Pycinodeamcr, gigantem. An 
abundance of the l ~ r g s  ui~d thick-wdled Pycinodesm gigankum in 
some zones is R C O ~ ~ ~ C U O U S  chxrncteristic of this limeshne of Late 
Silurian age. 

Immediately east of the mapped area, on the east side of Shag 
Cove, the WiIlo~~gllby ljmestone makes up the entire bedrock of 
Marble Mountain. Although much of the limestone hew is mnssive, 
traces of thick, mestwnrd-dipping beds on t,lie northeast slopes of 
the rnountttin indieate that the stratigraphic thickness mny be more 
t h  6,000 feet.. 

GEOLOGY 

GEHERBL DESCR-OW 

The description of the geology sl~ould Ix prefaced by brief dafini- 
tions of severd rock nnvoes used in this repod ta avoid possible mis- 
interpretation. Of t,he names used in a restricted sense, the term 
"granulite" is applied to recry~t~allized racks that have a, panulose 
texture and Inck sehistosa or gneisso* structure. The grain size ranges 
from about 0.5 to 2 millirne@rs. The term "harnfels'? is applied to 
recrystalJized rock also Ineking schistose or gpeissose structure but 
wit11 a finer ted,ure than granulite. Both of these types of rock occur 
mostly in vell-bedded sequences. The term diorite is used for a 
crystalIine rock composed Inrgely of oligoclw ox andwine, horn- 
blende, and quartz. The term "l10rnb~ende-plagioc1~ rock" is ~ p -  
plied lo rock composed largely of hornblende and plagioclase that 
has a texture coamr than the grmrulite and more irregular than the 
diorite. 

Bedded rocks constit,~~te about a third of the exposed bedrock in 
this area and represent a striltigrphic thickness totding more than 
83,000 feet. The rocks include tlm I'Pillougl~by limestone formation; 
an argillite and grqwacke sequence and nn associated conglomerate 
unit; a sequence approximately 8,000 feet thick, of gray and tan 
thick- and thin-bedded limestone and interbedded hornfeIs; and 21 

sequence of beds, possibly 15,000 feet thick, of granulite and hornfels 
with minor amounts of interbsdded limesto~~e and volcanic rock. The 
relationship of the XTiUoughby limestone to the other bedded rack 
in the m a  is not known as contacts between the one outc~op of this 



form~tion and adjacent beds &re not exposed. Tlle h d s  from which 
t.he granulite and hornfels of this area were derived are, probably 
represented in the thiclr sequences of arpillite, grnymacke, md lime- 
stmne expo~~rl on the enst and northei~st sides of Glacier Ray, but 
nt present not enough is knom-n nbout these ta wnrrant wrmlntio?~. 

Diorite makes up abut  half of the exposed bedrock w d  occurs 
principnlly in two large areas separated by n central, northward- 
trending belt of bedded rock. The cfiorite is  con-lposed principally of 
plngioclnse (digoclase to nnrlesine) , Irornblende, a i d  quartz, but the 
proport,ions of these and the nmounts of the millor %nil amessory 
l n  iiiernls vary considorably . Fillrrric ranges from nondirectional tta 

prominent, gneissic baniling; taxtnre, fi.onl uniform over large are= 
to higl~ly vnriable find pntcl~y \\+ithin nrens of l ~ s s  than a quam foot; 
pairk size, .from r n d i l ~ m  to eanrw; nnd color, from light. to dark 
gray with patches of red on rnnny ~ ~ e n t h ~ r e c ?  surfaces, One pemist~nt 
foatlrra of tho qucrbx diorite is tlint contacts betmen it nnd ndjnmnt. 
r.ocl<s, rvhero campasitinns nro similnr, nw cllarncteristicdtlly p d a -  
tional. 

Thr-ee stocks composetl ad grmnorliorlt~, lie within the nrea. Om 
a\>ont 10 qunw miles in a w n  l i p s  i l l  the, vicirlitg of .lI>pss Imke, 
another J ~ o u t  3 quare. milcs in urea foms  madl of Mount TTnlk, 
nnd t,lll~ third of nbout om-hnlf of n qnnw mila in arpa I i e s  on the 
north side of Gull id 1I)nk Tlt~ ~ l l l l ~ ~ ~ ? i o l ' i f ~  is Ilifily felsic, 
mo~~otono~~sly  zil~iforln i r !  tnmpcsit ior~, ~ l ~ l t l  rleroid s f  21 pl.efe~*lwl 
fabric throagl~o~zt, rlFF ~ S I ~ P P  Ilfwks. Tl~e prt.~lldiarite s torb 11nw 
intruder1 hot11 t-11s rliorite al ld thti 1)edcktl ~ a n r l c  l l l ~ r l  j~rob:rhly z i lp  I-e- 
lnted to other similar h l i e s  in s o ~ ~ r l w ~ s i ~ r n  ,llrrsk:t that 1ver-e ern- 
plnced during the 31~sozoie ern. 

BEDDED ROCXS 

WILLOUCXBY IJMEBTONE 

The T3rilEougl~by limestom of t a t e  Silarina n p  ~OFT)HFES n, Iziioll 200 
feet high and o mile long at f le  p i n t  of Irltrd on the nor-tlt~~est side 
of the entrttnce. to G e i k i ~  Inlet. 'rl~e litl~ogir C ~ E ~ E ~ ~ I C ~ P I .  of t l l ig o l ~ t -  
C I ' O ~  and its Itmtion jndinlte t l l t~ t  it is p k ~ t  of tlte l im~sto~le  I I I I ~ ~ ,  

thnt makes up Marble JIoarrtaill nlld Frn ncfs, 1 )lhnkp, n11d 1Villrriigl111y 
Islands to tha soutl~eeast. The lirnestoae in this out,crop is rnnssive 
with no trace of bedding so that the strntigrnpllic tl~ickne~q ~xposcd 
here cannot be estimated, but on Marble hlountnin, 2 miles srouthen~t 
of this outcrop, traces of beriding on bot11 f lie enst and west faccs on 
f he upper part of the mountsin indicate s ~tratig~nphic thickness of 
5.000 feet, nnd pmibly more. However., this estim:tte is t~ntnt.ire as 
IIO detailed study of the limestone on this mo~mtnin hne beer1 mndo. 
130th Marble Mountain and the lhestoi~e outcrop on the northwest 



side of Geikie Inlet, are bordewd on tile muthwest by vrrlleys and n 
cove that am the plysiogr~tphic expmssion of R continrtnus and majw 
fndt.  

3fost; of this lirnwtnn~ is crystrmlline with n fine- to medium-pined 
texture but in places i t  is coflrwly vrptrrlline rnnrhle: with individunl 
calcite crystals m ~ r n g i n ~  are-f ourth inch nrlmms. Tho limcstane is 
uniformly light grny except wl~are bedding is revealed by darker 
gray bands. Most of i t  js  rnnssive nnrI t11d I d s  that art! e x ~ d  
average several f e t  in thickness. 

Other isolated rnachses of thick-hdded to rnmsive g a y  timestme 
nre expmd in the Chikip. 1 1 1 1 ~ ~  tlrea, and mny helong to tI~a lTrillougl~hy 
limestone b~tt  as they 1r.tl1.o not pmitivel y identifietl t h ~ y  -rvill be 
grouped in this m p r t  wit,ll other limestone nnits of nnknown age. 

Conglomarntn is ~ x p w d  in two s~nrcll o~ltcrops, one on the north 
sl~ore of Iioilcie It~lrl,  otw-forlrt,l~ milt) wut lltvrnt of the kr~oll of 
Wil lo~~gl~hy limestona, nrlrl the otller on the tip of land on the mst 
sicla of the lnout IL OI $ 1 1 ~ ~  ('Iovc.  ' 1 ' 1 1 i ~  co~iglornerttte js I I I I C ( ~ ~  111) of 
pebbles and bnldem of cht)rt, limtlstona, r~rgillite, and andesite. 
Individual boulders of lin~~,*onc in it nw, a~ mr1~1-1 RS 3 feet in 
londh. In ot l i~r  parts of solithon~tarn Alaska, limestone of Lttta 
Siluria~l contains irltercnlnl cd lenwa of conplomerntA thnt,, nc- 
cording to publi~hnd descript,ion (Buddington and Ch~pin,  1929) 
closely rewrnMes 1 his c ,on~lmne~at~ . .  'TElis oongl omernte tharef ore mag 
be part of the Silurian q n e n c e  p,tTen though there is no evidence 
here of its relnt ion to the nenrl>y Willo~ighby limestone. 

A broad belt of limpstone h,ds lies in tho rmtml park of tile mapped 
nrea and extends northwnrd fmm t11e north ridgo of Blackthorn 
Pcnk t,o the enst. brnnch of 1111gl1 Mjller (ilaaier. The 1)ods st,rilco 
&merally nartl~ and dip sleeply ~fistwartl. The l o n p ~ t  cross sactian 
through t,his IMI t is expmrl dong Gent R i d p  whore the total strati- 
p p h i c  t h i c k n e ~  excceds 8,000 feet.. 

The weshmmos& t;3,O(H) feet of tho limestone sequence is cornpod 
of t hick-bedded gTny lirn~wtone with solne beds of b l ~ c k  limestone and 
several inkrcnlnterl layers of horn fcla mnd rhlorite schist. This part, 
of tlre wquence is  exposed section from the east margin of the 
nortli branch of Geikie Glacier to the first, saddle east oaf the summit 
of Fossil Peak, and from the cast margin of Hugh Miller Glacier 
to the first snddle enst of the 4,160-foot peak that stands at the west 
on4 of the ridge. The limestone on the summit of Fossil Peak contains 
many poorly lwewnwl spcimans of R alony -t,ype cord, @nil the lime- 
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done on the ridge ~tort~liwcst n l  t l t ~  4,lfiO-foot perk rmntnins cri~loirl 
stons, brncl~iopds, n11d S I ~ ~ I ~ P I I S  of tlie COTBI Syrinqoportl. The are 
of the Iiw~esto~le lins Iwn tell tat i\*~ly determined as younger than 
Silurian a ~ l d  older tlinl~ Trinmic. 

The enstemmost 5,000 fwt of this wquence is thin-bedded gmp, 
blwk, tnn, brown, nnrI red lirnestm~e interkdrleci mith minor amonnts 
of llornf~ls. Shsly I irnest one, dolomitic: limestone, pyrite-bearing 
limwto~p., curlwtnnrwns l irnestoi~e, ancl C I E P ~ ~ J -  1 imestolle nlre corrlnlo~t 
in this Mquence. nifewnrrpl in comlpositiori in ndjncent beds have 
resulted in w i r f ~ p l ~ n d  di ffetr~~tinl wenthering with the more rvsistnnt 
k l s  r~Lmre the snrfnc'p. of the lcss resistant beds. TVl~ere 
sumssive beds alternate il l  co~uposition the result is a pronollnced 
ridged pnttern. Althougli the puernl  trend of the Iimestone beds is 
uniform, lwnlly tho l ime~tane is iiltenwly deformed. 

Extensive mmnsms of ciololnils crop out on tlte mountains bordering 
the west ~ i d e  of 1-Lug11 h i i l l~r  I;l%cier nnd the upper part of the north 
brnncll of Gejkie Glnci~r.  'I'hey form Imdies of irl~gulnr shape with- 
in r~ sequenco of limestone ur~rl l~ trr~fe ln  h d s ;  their outcrops appear 
as white patches scnt,tewrl nt 10tlndorn otvr Il~e limesto~~e cliffs. The 
irrep1nrit.y of borders m ~ d  t lie trn~lrril ion from 1 imed one l o  clolomii~, 
dong the strike of the linlt!st onn Iwda ~;agpst. tllnt the; dolomite hns 
foru~ed hy replacement of the lirnestonc. I €  so, rtll trncea of relict 
hdding lmve hen obl itel-nlnl in t lw plbnccsn, ns the dolomite is mas- 
siw mil structuwlt?m. 

The argilli te d ji~*fiy\t--ncke wqaence i s  c a m p ~ d  of aargi l  lit^ beds, 
1 to 6 jnclws thick, ~ 1 1 1 1  grnywncke hds, 1 to 12 inclles thick. In phws 
the t~va a m  inhrbddetl an rin incll by irlclr brlsis r~nd in other places 
the argillite allone folms z o n ~ s  es mneh ns 100 f ~ e t  thick. T h e  sequence 
is best exposed on the islnnd in tlla rnoutlt of Shng Cove. Xlere R 
continuous section nboui 800 feet thick is esposerl, with h d s  striking 
g~,nerallp N. 40' IT". nnrl Ripping mugl~ly GOo XE., thnligh minor fold- 
ing cnuws some dp~-intion frnm this altitude. Argillite lwds pwdom i-  
nate on the n-ester11 par( of the islnnd nilrl n~ illt~rlxdded wit11 
py \racke  0%-er the wrnninder of tlw islnad. 

The nrgillit~ and pyw-ncke spquQllce also k expo~cl  on the west 
&ore of Shag Cove xnd in stre~hrn heel 1 mile ripstmnrn from tlte 
mouth of the easternrnmh C P C ~  ~ntt?ring Ceikie Inlet on the northwest, 
side (see pl. 6). Tho relntion of t h w  bcrla ta otlwr nenrby I~rlrock 
i s  not known k n t m  confncts nrn not sxpos~d. 

The rtrgillite is Mnek, denw, and hard, mid h~ .s atendoncy to 
fracture smoothly along sex-erttl plnnes, inclirding the lwlcling plnne. 
The rmk in thht section reveals lnnny diwontinaous cnrbonmous 
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bands spaced on the order of 0.1 millimeter. These bands form a dis- 
continuous, flaserlike structure instead of a layered structum. Between 
the bands the argiIlite is composed of a h e  mosaic of wricite and 
quartz. The chemical composition of this rock is as follaw*~: SOz,  
69.9 percent; Alz03, 11.6 percent; Fez&, 4.9 percent; M@, 5.0 p r -  
cent; CaO, 2.6 percent;; NazO, 0.82 percent t; KaO, 5.4 percent. 

The graywrtcke is greenish gray and composed of elastic grains, 
ranging from 1 to 5 millimeters in diameter, set in n matrix of 
biotite, c.ldoritq qua&, and calcite. In places the c.lnstic p i l l s  are 
derived largely from quartz and plugioclase crystfils and in ot-her 
pltlees they m of plagioclnsa arranged in a fine momic pattern. The 
contempornneous biotite and clllorite suggest that m~.tRmorpHism took 
plam in the woler rne;somnal Pang8, 

MWAMORPEOSED SHALE AND GRAYWAGRE SEQUENCE 

OWUWDHCE AND D m R f B m O I  

Beds composed originally of grywacke and calcareous and 
dolomitic shale with intercalated beds of arkose, limestone, and lava, 
nll now highly metamorphosed, make 11p a continuous sequence that 
totals more than 13,000 feet in stratigraphic thickness. They form 
an irregular and discontinuous belt that extends from Threesoma 
Mountain on the soutll through Gullied Peak on the north. The 
greatest exposed width of t,llis sequence is in the area between a d  
Red Peak nnd Rlaynnrcl Glacier where it is more than 3 miles wide. 
Well-exposed sections of tile sequence are found nt t8his point of 
p x t e s t  width and also on Blncktllorn Psnk md the ridges leading 
north and sout8h from it. The general strike of the beds ran@ from 
north to N. 30' E. and the dip from 60° E. to 30° W. although them 
are wide local variations from this, especially in the Red Bed Peak 
and the Gullied Peak areas. This sequence may be conformable with 
the adjacent limestone sequence but evidence was not found thnt m-ould 
dehitaly establish the relationship of the two. 

The original sediments of the sl~ale and grzywscke sequence have 
bmn metamorphosed into a variety of rocks that in part reflect dif- 
fern- in composition and texture in the original sediments and in 
part result from differences in the size and ch~r~tctar of the re- 
crystallized minerd grains. All gradations from one type of rock 
to another are repre~nt~ed so that arbitrary limits must be set, to the 
range of t.ypes inclucled in each lithologic term. 

The rock comprising the bulk of the metamorphic shale and gray- 
macka seqlrence is a dark-purplish-gray rock with a granular texture 
that is called granulite in this report. Since the term "granulite" 
has been applied by different geologists to different types of rocks, 
it is well t~ stress that here the term applies to a medium-pined 



m k ,  granoblastic in rnicroteat,~~re, that lacks ehistosity, lineatrim, 
nl~d foliation. In places it l lns n diet l~edding. The midcspl.ead 
u s n s  of the term in this sense lnng wrve RE n premdent; i t  lins been 
used thus in Canad% ( Adams nnrl Unrlow, 1910$, Japan QSugi, In%), 
England (Read, 19311, and S e w  Sal~f h T'lrnles (doplin, 194!!). 

This bmnnlite mnrs  in mnasiw fomr nnrl nlso in beds rnnging 
from a fern inclaes ta several feet ~ I E  tfrickness. B111ch of the p n n l i t e  
npparentlg form~d by recr;vstallizxtio~~ from line-pined 4iment.s  
such as clolon~it ic shnle, so thnt tlie conmness of the tedulme is dua 
to the size of 1110 new ~ninernl crystals. So~nr, ho\verer, Ilns h e n  
derived from fairly conrst! pninerl gra?.wnrk~ rind a r k m ,  and the 
texture is pnrtIy n relict: clnstic one inherited fmm tlie sediment. 
In some areas the grnnulit~ 1 ~ n r s  a close rewnMance to the sedi- 

mentary rock from '~chich it ~~*:r-;lrs d ~ r i r d .  For esnmpl~,  011 tthe ridge 
north of hlnynilnl Glncicr it looks like R sligl~tly metnmorplrosed 
gmywncke, and on the r'lilT Imrcl~rinp the west side of t11e rnnin tribu- 
tnry of Hagh 1fCiilIer Glncier son~e\~.hnt like 1~?crystr~lli7~,1 ~ t r k m .  
In ot,her plnces it is a more thoror~phly metnmol-phowl rock Zhnt not, 
only 1111s lost its original identity I)ut grnrles illto coarser-texttired 
facies tllnt are inciistinp~isI~nl)le from I~ornb1~nde-plngiocInm n ~ c k  
and from [Iiorit~. On Blacktllorn I'enCr I d s  of p n n i i t e  n l t ~ r n n t ~  
with k ? a  of honlblentie-plagi0~1~~(! ~ o e k  with infinite fladntiorls 
both arrosq and along the stri kc. Tlie b r l n  l l ~ r r  mnge to a maxi mu^^^ 
thickness of 311 feet nnrl inc lnd~ n few iinterc:nInted limestone b a s .  
Still more intricrtc rrlntio11s1li~ wit11 other rocks nre f o ~ ~ n d  in zones 
whem the pttnulite Iwrls grade aI011g tllcir strike into intcrkdd~d 
cntnplexes of gmn111 i te, llonil)le~~rle-plagiorl rise rwk, nnd gneissic 
diorjte nnd diorite. Cblne of ~ I E P  n~mt n ~ r ~ s s i b l ~  o~~frrops s h o ~ ~ i l q  this 
grndntion is f o t ~ l ~ d  nenr tlie trrnli i~us of Geilcie Glncirr on the tip of 
t,lna nortll r idp  of R l n ~ k t l l o ~ + i l  I ' d  (11. #!I)  . 

The interfingering ~wlirtioneliip Iwtween pnm~litr,  hornbleflde- 
plngimlasc rwk, ant1 gtrt?i,ssir: rliorife p x t m d s  nll along t l~c  enst aide 
of the main belt of berlclecl rocks f rnrn L3lncktllom Peak on the mnth 
t hmugh tIw ridges of Fowil Prnk nnd Goal R i d p  on into the Gnllied 
Peuk awn on the north n-here tho strnrtorp, bro~nes less well defined 
rand nearly nlI the types of rocks plrwut in the quadrangl~ nre 
IiternIIy scrambled in a ctinotic pntt~ni. 

A grnnulita differing in cornposit ion from tlint, previously dewrihd 
has formed from jrnpare lim~stone, rrlljrll ]ins ?wen rnetarnorpl~osed 
into handed lime silirnt~ rork. The banrls, or heds, are composed of 
concentrations of tliapsirl~, garnet, nnd cnlcite r~spwtir~,I;";", and range 
from ahnC ra qusrter of an inch to several fwt, in thickness. The 
intricate folding nncl the conkrast of colors ht. \~wn lwrls pire outcrops 
of this rock a vivid and bizarre appearance. The ~vlative mobility of 
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the calcite layers under stress hns resulted in a pattern of folding 
that is ptygmatic. The more rigid garnet, beds have w a result been 
fractured and in places show smnll ov~rthrnsts. The Jar,oest outcrop 
of this lime silicate granulite is exposed for hundreds of feet along 
the bluff bordering the erst side of the south tetnlinrzs of CI~nrpenties 
Glacier. Outcrops are also fou~id on the iwst s i d ~  of Mount Sknrn and 
in other place throughout the area. 

Another type of rock that is nbundnnt in tho rnet,xrnorpl~osed sllnIc 
and graywacke sequence is a hornf~ls that, occurs in t,l~in, sharply 
delimated hrIs ranging from a small f rnctjon of an inch to about ti 
inches in thickness and aggregating rb total t,hicknew of possiblj~ 
5,000 feet. The beds are brightly colored with hues of red predom- 
inating but with shades of brown, white, yellow, and green common. 
This hornfels sequence forms a distinct unit  that makes up the east 
side of the main Iwlt of bedded rock in plnces nnd also forms isolated 
outcrops in other parts of tlw area. dlthougl~ the hornfels seqtenm 
contains lit,tlo if  any ,mnulite, the pm111ite sequence contains man? 
beds of hornfels &nil the contact betwwn hie two units is n broad 
aone of interbedded granulite and hornfels. 

'.File hornfels seq~zwce is well espo*d on Tl~remrna Mountnin, 
Contact I'eak, Enigma Ridge, the ridge \vest of Eni,mn Hid&.,, nnd 
Red Hed Penk. The sections in the9 various outcrnp differ some, 
especially in proportion of intercaleted limestol~e Ids ,  but in genernl 
they are closely similar. There these ontcmps are bordered 1)y diori te ,  
a trmsitio~lnl zone lies between the two. The contnct hetJ~xteen tho 
hornfels nnrl the diorite on the ridge west of Enigma Ridge itrdudes R 

zone, 300 fcet thick, o f  granulite that becomes progressively coarser 
away from the ~lornfels until it merges into rlinritir: gnoiss. 

On the south side of the outcrop of hol-nfels on Red Bed Penk, the 
I~ornfels is hrdered by 900 feet of white limestone, this in lurn 13y 
200 feet of hornfels nnd lime~tone, and this by gneissic diorjto. The 
foliation in the diorite is pwallel to the bedding in the I~ornfels. 

Limestone beds rnalte up a minor part of  the met amorphmed s l ~ n l ~  
and graywacke quonct!  ~ n d  nre largely limit& to the granulite 
part. Some of the limestone beds are as rnacl~ as 30 feet thick but 
most are only a few fcet thick nnd in the llornfels many are less thnn 
an inch thick. Them tlefomntion has been intense, the limestone 
in places has become mjxed \ ~ i t h  adjnmnt rock Iu some places iso- 
lated masses of limestone akr: incorpora t ~ d  into hornblende-plngimlam 
lmk ~tnd in other places the reverse, is trne. In an outcrop on the 
north end of the ridge nortlr of Rlnrktllonl Peak near the terminus of 
Geikie Glacier, masses of 11ornhlencIe-plngioclase rock form elongate 
pods within becis of deformed limestone. The f a k c  in these pods 
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A few outcrops of grannlit~ with a composition corresponding to 
arlrose were found in which no relict textures werw appaz-ent even 
thougll most of tho nrennceous rock in the area has retnined nt least, 
vestikms of a coarse clnstic texture. One outcrop of this varie.ty of 
gmnllite lies on the soutll side of the terminus of Geikie Glacier; the 
nlinernl composition of n specimen of it, (150F) as given below indi- 
cntas the nbm~clnnor! of felsic m ~ t e r i n l  in the sediment. 

n f i n ~ r a l  campnailion, i n  percent bg volume, of two lagers of granulite derived from 
rarenmeous rock 

Most of the prnulite in the area has been derived from fine-gminerl 
sediments, and Ihns n completely rec~stnllixw1 texturn. I-Iornblentle 
and diopsir2s are the plvdominnnt maEc minerals, nnd oliplnse or 
nndesine wld qnnrtz nre Z.he ppedminnnt hlsic minerals. The texture 
is prinlari Iy gra~~oblnstic with some. prphyroblastic development of 
pl ngioclaso and poikilobl nstie growth of hombl ~,nde. The con~posi tion 
of typicnl specimens of this rock are given below. Brief descriptions 
of dingnostic feat.11res in these spcimens foll om. 

Grarzlalife derived from calmreo~~s ehale 
[Gmnmition in m n t  by volume1 - 

d 
Rack nnd apedrncn No, Plnglocl~w 

..... -... ..... ..--. .......... oranu2lta rn ................. 2 Tr. Tr. Tr. .............. ............... ..... ..... Urnnulice 141 ................. 2 3 8 
Lnyprp~l wnullte; 142E1: 

Hcd 1 .................. ... Wi ................ ............................................ 
................ -.......---.....--.-.....--.......-.....---- Red 2 40 .................................. ................ ..... ..................... N e d 3  50 40 .... .......... .........--.......-- R c d s 4 a n d 8  4 4 2 .... ..... .................... ~ , . d s  li and: .._-.L2___-.- .............. Tr. Tr .  Tr. 07 TI. ......................... .......... ........ ........... Fofktc~l ~ n 1 1 1 l t P ; ~  37 a 43 Tr. il ..... ...... Foliuted~nulite: l 5 l E  ;Pl (Anw)--- 33 48 Tr. Tr. Tr. ..... ..... .................... ........ Fol~;~tecl wriullre; lSlKI_---_ 35 (.- 'rr, 'rr. 

Typical granulite grading to a pnin size conrse enougl~ to re- 
m b l e  fhe-grained diorite is  presented in spmirnens 120 and 12 1, 
which were taken from outcrops showing well-formed beds. The% 
rocks were derived from a somewlint dolomitic sl~nle, and in them 
the hornb1ende md plagiocIrtse are poikiloblastic. 



With the exception of the f e r  relict. clnstic quartz and plagioclnse 
~mins ,  t11e taxbure is pnoblnstic nnd in some plnces por~~liyrol~Iastic. 
In certain bands the biotite and the tremolite crystals nrw oriented 
parallel to the bedding, delcliag n lepic1ol)lastic texturn, 

T11e scnrcit~ of h d s  co~~tnining biotite nnd hornblende crystals 
wit11 n preferl-ed orientat ion is eviclet~ce that the coilditions u~~der  
wl~icll the s l~n le ,  gmy\r-acke, and nrl;ose of this nmn were metamor- 
p 1 1 d  into honlf~ls nncI grnllulite i ~ ~ . o l r e d  l i t  tlr! rrtwss. 

The mineral nssemblnges j11 the glb:~llulite md llornfels indicate 
that the tempe~nture of metnmorpl~isrn wnw rlenr the mmesozonnl- 
knt nzonrrl boundary. 

DICIKITE 

OCCURRENCE Ah?) DISTRIBCTIOK 

Bodies of tliorite ranging from 55 feet to 1'2 miles long are 
cliptribnted tllroudlout t l i ~  nrea and togetller total nbout one-third 
of the expoaed lmlrwk. Tlwse M j e s  genen~lly hare wry irwg-trlnr. 
outlines, nlid their rnnrgins consist of brortrl zones of hybrid t y p ~ s  of 
rmk. Mast, of t l ~ t  tliorita Ilt~s a fi~hric that is pnrnlI~l to t l ~ e  Iw(l(1 iiig 
of the rnetnseili~l~ci~tnry rocks in the  awn, and parts of it colitni~l mnny 
inclasio~ls of hrlcletl  rock t lint 1.ehi11 all orielltntion that is pnrnllel 
to the foliatioa in the diorite. These features suggest, thnt t,lle diorita 
may be, metnmorphfc rather than ipeotis in origin, and other criterin 
riwcribed belo\r tnid to corrnhornte this I~ypothesis. 

Tl-ie largest of wllnt IIP cnnsidered n single body of diorit,e 
lies dong the enst side 01 Rtndy Glncier where it is exposed in a chain 
of nunataks extending nbo~t .  12 miles from north to south and nbout 
4 miles from east to 1 v ~ s t  fit the widest place. The western boundary 
of this body lies concealecl 111111~r Brrtily Glncier aucl nlny be 3s muell 
as 3 miles west of the espos~d margin. The enstern boundav of 
the body is a contact ~ i t h  b r l r l ~ t l  ~nrtnm~rpllic rocks, mostly eon- 
cenled under Geikie Glxcielh. 'I'l~t: nortl~ern h ~ m d ~ r y  is indefinitelp 
indicated by outcrops of hdtletl ~ w k s  on s c n t t e ~ l  numataks, and 
the southern boundary is n cmlt rlct wif41 inlt rlisire gmndiorite. d 
detached block of 11-hat u-fis QIIW pnrt of the diarite mass is exposed 
as a roof pendant on the grannclinrite n mile east of Abyss Lake. 
Althotigh the rock of this bwlr hns the wide variation in textwe 
typicnl of ciiorite in the region, it js notnl~lly lacking in inclusions of 
beddeci rock, which are so common thnougllo~~t otller n r t s  of the al.en. 

Diorite also underlies mncll of the Pnstern third of the mapped 
area where it is exposed in many isolated ontcrops. The most exten- 
sive continaous esposure of diorite hem extends from Serrated Peak 
nortI~nnrtE along tlre rjdge flanking the west side of t11e Wad Lake 

4 8 9 1 1 & 5 U  
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valley and ends at the glacial outwash plain formed by Geikie Glacier. 
East of the Wood Lnke valley, diorite is exposed on Mount W o d  but 
it contains a considermble admixture of hddecl rocks. The same con- 
dition exists in t le  nrea from Mount Wood to the east boundary of 
tlie mapped nrea where diorite constitutes most of the bedrock, but 
incllrsions of bedded rocks am sornevhnt less abundant. 

Nortl~ of Gcikie Inlet, diorite forrns the northeast half of Mount 
Bulky and 811 of the ridge bordering t,he nortl~west side of Geikjc 
Inlet between Mount Eullry and the vzlley tllat fonns rs low divide 
between Favorite Fiord and Geikie Inlet. The diorite in this exposure 
js relatively f me of inclusions of bedded m k .  North of this exposum 
an irregular-textured diorite containing many inclusions of hdded 
rock u~ldsrlies mogt of the area between Red Bed Peak and Favorite 
F i n d  On the sontlleast it is in mrltnct with massive gray limwbne 
and on the west with a tl~iclt section of red hornfels beds, A con- 
tinuation of this diorite mms is exposed to  the northeast where it 
makes up the bulk of Mouilt Ft~vorite and Hug11 Miller Mountain. 
Ham also the, diorite mllt~ins inclusions of bedded rock aIt11ongl;h 
in the centrnl parts of the two mountdns these inclusions are scarm. 
Around thu bases of tho two mountailis tho dinrite has an intricate 
nnd interfingering ~lnt ionship  with bordering bedded mks. 

Between Charpentinr Inlet nncl the terminus of Hugh Maer  
Glacier tliorite is exposecl in many isolated outcrops that are spor- 
udicnlly distributeri nmong o~~outcrops of bedded rock. Tho largest body 
of diorite i~ expowri in pnrt dong the west shore of Charpentier 
Inlot where it foms n llill npprosirnat~ly 9 miles long. '§he only 
other relntivsly Inrge mnss of diorite in this area is on the mnst 
flttnk of Gullied Peak where it corers nn arm nbout a mile long 
and is bounded in pnrt by a mal l  granodiorite body and in part by 
bedded roeks, 

DIEgCRTPTlOlP 

The diorite in this nrea hns a wide vwiety of appearances tItat 
mflect vari~tions in texture, *mcture, mounts and types of inclndod 
material, and mntnct mlntionsl~ips, llfest of it is  spotted with in- 
cl l~sions composed of fine-grnined mnfic diorj te, which hnve discoidal 
shapes nnrl lie in a prefemd orientation. ?Yhere these indusions are 
lacking the rock paernllp has fuint to prominent gneissic banding. 
Texturn1 irnegulnritips nm conspicuous and result from both wide 
vnrintions in grain size and the. implar ,  porphyroblastic shapes of 
the larger hornblende clystnls. These iwep~larities am most ac- 
centuated in tha m a r i n d  zones of the indiriilunl diorite hd ies  where 
mimatitic structuws prevail. MasM of diorite that have R uniform 
appearance are present in only n fern plarec: ancl over areas a few 
hundred feet in diameter at the maximum. 



The diorite annot be summed up in one general dmription be- 
call% of the diverse types present. Instead of a general description, 
individual descriptians of the more common types of diorite follow; 
divisions between types are of necessity somewhat arbitrary. 

A small amount of cliorite has a uniform, coarse texture, lacks 
inclusions of either bedded rock or more mafie diorite, and is rnitElout 
nn oriented fabric. It is limited generally b masses a fow hundred 
feet in diameter, which grade into the other types of diorita thnt 
surround these masses, Slightly more abundnnt t'llan this is n 
uniform, coarse-textured diorite, mhicli differs from that alwvo i n  
that the hornblende crystals hnve a preferred linear orientntion. The 
two largest areas of this type of dioritc. are each Ims than 1,500 f e ~ t  
Iong ; one is just n0rt.h of Eerie Lnke and the other is  on t.Iw next 
ridge 2 miles farther north. 

A type of diorite far more nbnndant tllnn the above two incorpor- 
ates a variety of textures, compositions, nnd nppenrnIlces, and ladrs 
m oriented fabric. On a Inrp =ale the, npppnrtlnccl of  t,his hetcro- 
pneous diorite is mottled and pntcI~y, tv i th  noticxnblo di fferonccs 
occurring within distances of n few f ~ e t  to n few hundlwl fvet. 
Textures range from medium- to conme-gr.raincd nnd compositions 
from rnafic diorite to nearly n panod iori te. Inrlividt~nl rllasses of this 
diorite range from a felt- hundred fcet to severnl mibs ncross nt~d 
are exposed at random orcr the m n p p d  awn. One of tho larpst 
masses of heterogeneous rliorite mnk~s  I I ~  tht! b111k of Sersnbd Prnk 
and part of the ridge to the northwest, nnt? nnother forms Itbe cliff 
walls bordering Favorite Fiord. 

More than three-qunrters of the diorite in the, mnppd men conttcins 
a profusion of ronnded to  irregular inclusions cornposed of dnrker 
colored djorite. The inclusions nl-t? rfnrker thnn the host; rliaritr. partly 
because of their finer grnincri textnre nnd nlso ll~cn~tse of their higher 
content of hornblende and biotite. On Zlia hnsin of $IIRFE t h w ~  mxfic 
inclusions ro~~ghlg fall intn two cnt~parics. T1m f i ~ t  nnd more d>rm- 
dant type has a cliscoicld form with ft dinrneler ~;ev~rnI times as ,mah 
as the thickness, and r a n p s  from R few inclles to ns much as S fwt 
in diameter, with most of the inclusions nvernging nbolit 1 foot in 
diamehr, The second type has nn jrregt~lnr s h n p  in plan but is 
decidedly flattened, pmwicnts nnn elongnta, stringy o~itlii~e in ct-OFS 
section, and typicaIIg rn@s from severnl inches tn 4 or 5 feet in 
length. Both types of incllr~liona jn most, plncea have a preferred 
planar orientation prtraJld to one or t,hn other of the prevailing 
structural trends of the arm, nnmely north or N. 45" F,. 

The inclusions r n n p  from dnrk, fine-grained bdies  that stand 
in sharp contrnst to the Iiost dioritct, to faint, coal%-@ned 
shadawy patches that are apparent only by t,lleir sligl~tly -darker 
shade. Borders of the incll~sions range from sharp and definite to 
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t,ic t~xtum. Mafic inclusions that are incorporated in this type of 
diorit~ commonly have a granoblastic texture. A thin section of this 
diorite containing part of a lnafic inclusion reveals this texturrcl 
difference and also indicates that, the mafic inclusion contxtins a 
higher percentage of ~ d i u m ,  calcium, magnesium, iron, and alumi- 
num, and a lower percentage of potassium and silicon than Z,he 
coarser grained host rock. In the cconrse-grained pnrt biotite has 
replaced some plngioclasa, quartz has replaced biotite and plqie- 
claae, and chlorite lrxs replaced biotih. 

Diorite from a transitional zone between diorite containing oblate 
mafic inclusions nnd diorite with gneissic banding is repl~senkd by 
specimen 77. In this rock orthoclase and gnnrta have replaced plagio- 
dasa extensively, and ~ h l ~ r i i e ,  epidote, and prel~nitme have replaced or 
formed in tho biotite. The finer grained part of the specimen repre- 
senting a mafic inclusion has n. panoblrtstic texture. In this part the 
hiotita has replaced some hornl~lende, nnd the plsgimlaw has been 
more altered to prehnite and clinozoisite than 11%~ the pbgiocl~rie 
in the coarser part. Spparent,ly the coarser pnrt has h e 1 1  enriched 
in silica and potash, resulting in the porpl~yroblast~ic growth of 
orthmlase and quartz. 

Some of the more felsic, coarser grained diorite has relatively well 
formed plagi mlase crystals interspersed with clear qunrtz grains. 
Mafic inclusions and bands in this type of diorite have granoblastic 
textures and contain pl~gioclase porphgroblasts. The photomicro- 
graph in figure 17 shows this coarser texture as well as the prehnite 
bleb~ enclosed in biotite. 

Ths following table list,s the composjtion of various representative 
specimens. 

ilfineral composilim of diflment tgpes of dion4& 
(Com~rwitinn in pcrwnt by voSumel 
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A . - . . - - .  
288 .................... 
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same ~rient~atioi~. Where the rock is Inore thoroughly recrystallized 
the interfingering of the granulite and diorite ~nesult in a dioritic 
gneiss containing lenticular mnfic inclusions. Fi,me 15 shows an 
example from this contact zone. The mafic lenticular masses sllmvn 
in this figure are spotted with pl~tgioclase po~$~yrobIasts. 

The petrography of several specimens taken ncross t,hhe contact at 
the Contact Nunatak locality, aucI across the strike of interfingering 
m e ~ m o r p ~ ~ o s e d  bedded rocks and gneissic diorite nt  the Geikie Glacier 
terminus lmality, furnislles ndditionnl information on the relation- 
ship between the diorite ancl the meta~edim~nts. 

Four specimens from the Contta~t Nullntnk locality include two of 
whist from the metamorphosed bedded rocks, specimens 251 and 253, 
and two of diorih with fit~e-gminerl unlphibelite layers, tnken about 
half a mile from the contact, specinlens 248 anil 249. The mineral 
compositions of these specirr~e~ls is given below. 

Comporiliolas nj jour w k a  .from Q contad cons 

Tim feature that relates tlwss four specimens i s  tho similar biotite 
and amphibole-rich layers in bntll the schist and t,he diarite. Pro- 
gressively away from tho schist, 1ayel.s of intercalated tliorito h o m e  
more abundnnt until a point is wxol~eled savers1 Ilundred feet from the 
whist beyond wllicl~ t.11in layers of bioiite and amphibole in  the diorit,o 
am the only relicts of the schist. Them mafic 1nyer.s continl~e tllroug11- 
out the rest of the exposed cliorite to n point more than 2,000 feet from 
the schist. 
In the schist represented by specimen 251 soine layers are co~nposecl 

almost entirely of commonly oriented tramolite nnd brol~n cl~lorite, 
and others nre of clastic quartz and p l x g i o c l w  grains s~~rrounded by 
tremolite xnd brown chlorite. Tile structure resnlting from this 
layering is an incigien t gneissose one. Further cryst alloblastic growth 
of the plagioclme and quartz mould protluce x texture compnrable ta 
that in the dioritic gneiss, which is exposed 5 feet awny from this 
L~nded schist. The petrographic features of the banrled schist are 
shown in figure 91. 

~ o e l ;  and smimon NO. 

- - -- - 
Dlorite 249: 

Cw-textured band .... 
...... Flnu-teatunhd b u d  

Dtnritp 243 ................ 
Schls( 253 ........-...-...- 
Bchrht ?3l..........-.... ... 

-- 

~i lg loclrw 

-- .- .- 

70 (And 
T i  ( A w l  
I R  (Anrol 
17 
29 (Anlo1 

3 I 
a 5 1 

w - 
g u & . a 2 =  2 

- 

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

...... ............ 28 ............ T r .  Tr. 1 Tr. 

...... ......... I ...... , ...... 2 .. l'r. Tr. 
............ 72 ...... I ...... :4 fl Tr. Tr. ...-.. 

....., A5 1 2 '  2 3 .................. Tr. 
la ...... I + .  1 1% ~ r .  ...--....+_ 

--.-i.l 







f , v i ~ m  ol' ro~*l< iq s l ~ m v s ~  i l l  iig11~1, 2 1. 111 i l j i -  \ ~ > P V ~ ~ N , I I  ~ ~ o i l ~ i l o l ~ ~ : ~ ~ ~  i c  
I~or111~1~~1i~l t~  I\:Is  ~ - q ) l : ~ r ~ t l  Y ~ I I I P  : ~ ~ ~ c i i t a .  ~i -OIIIP  1:1,v~r+ (1 i o l ~ s i f l t >  for11-1~ 
t IIP  ~ ~ ~ - t ~ ( ? r ~ i ~ ~ i i \ ; i ~ ~ t  ~ n a l i ~  ~ i ~ i ~ t v r ; ~ l .  ' l ' l ! ~ ~  ~ l i o ~ ~ * i t l c ~  ill ~ J I P ~ ~ ~ I ~ I P I ~  1 ~ \ ~ ~ l ~ l  is 
( E i ~ t  rE1111t ~ ( 1  ill f l ~ i ~  I I I ; ~ ~ I I I I ~ I - .  

.i o f  rovI< Jtui11~1 ill T I ! \ <  O I I T ~ * ~ ~ I I )  ~ l ~ t  i c  :I \ - : l r i n ~ i o ~ ~  fro111 the* 
. . 

~!.IIPS r ~ p r ~ ~ t ' n t p r l  Iry (lip t i I t ( 1 ~ 1 ,  I \I r )  CII I .~~I I IPI I+ i 5  3 p11~jc- I ~ O I ~ ! : ~ I I I I T I ~  

nrrp11-5 l ln lk~d  pnr.plrysnIrln*~ s oi' I I I ~ I ~ I I I I I P I I { ~ ~ ~  itz~d ~h: t~ic~*1:1~1- .  .t 11 r x -  
:ir~~plr* nC ihia rmk i q  ~ I I ~ I I V I ~  in  lir~~r.tl 25. T11i:: ~ . t n ~ l i  nruy F):II'P I ~ V P I ~  
r I i ~ t . i ~ v r 1  fr 'r~m :In olrl ~-nlt.:uiir t l rn  t Eil;~'. i.r~rlc, 24 il ronf:~in.: p l n c i i ~ - l n ~ r  
~ ~ o r p l ~ y r t r l ~ l :  wit I1 ?liyl\ly : ~ l r  t*int.tl {.OI.P? n-l l ir l~ nlny rhrbllintbsrTrlt rclirt 
I p 1 1 .  ' I ' l ~ r a  I ~ ~ ~ r n h l ~ ~ ~ l r  ;li?ipl:tys 1111+ t rp i rnl  
poilcilnl~lnstir 11nl)if. 'f 11r.w fwr r~zcs nre rhnr\,n in fifurr 9G. 





96 MDTERAL RESOURCES OF ALASKA 

INCLUSIONS OF BEDI)EI) ROCK 

Masses of bedded hornfels, granulite, and limestone am included 
in large amounts tl~rougli much of the diorite. These inclusions range 
from small mams an indl or so iu length to mnsses more than 100 
feet in thickness and over n mile in leng&. Most of them are oriented 
parallel t,o the gneissic structure of the enclosing diorite and also to 
the structure of Imge masses of bedded c o ~ ~ n t r y  rock in the vicinity. 
Also present are many inclusions lucking preferred orientation, and 
showkg little or na continuity with adjacent inclusions. Some of 
the zones in ~vlzicl~ t l i e s~  occur s l~ow eridence of early faulting rand 
hrecciation. The included rocks mostly show a lug11er degree of re- 
crystallization only nt their borders, and tlis diorite shows no effects 
of chilling even at the contacts with t h e  largest included masses. 

The stream that drains from the southeast into the small lake below 
TVood Lake ~xposw diorite with included masses of bedded rock. 
Within the diorit,e, forming a 300-foot, belt, are, a section of limestone 
200 feet thick; a band of medium-grained mafic granulite which 
grades into well-bedded blac,k lhornfels nnd back to the granulite; and 
some mare beds of limestone. The strike and dip of all the beds and 
also the gneissic diorite on both sides of this belt are the same. 

In many places on outcrops of granulite, hornfels, and limestone 
the surfwe is ridged and grooved ns x result of differences in resistance 
to \~erttharing between adj men t beds. This same ribbed relief surf ace 
dso appears in pl t~ces  in the diorite and lends the rock a bedd~il 
:tppearnnce, ~Zthough a fresh fracture reveals only variations in ,pain 
size and proportion of mefic minerals. Examples nre to be found in 
ol1tcro13s dong the nortl~ summit, ridge of Mount Wood about 44MI 
feet south of the creek bed exposure described in the prcmding para- 
graph, and ia other diorita ot~tcrops throughout the area. 

An excellent and extensive outcrop that rends the relationship 
between gneissic diorite and included granulite beds occurs on the 
long nayrow nrmatak that lies bettween B1.ttdy Glacier and Aurora 
Glacier, 2 miles due west of Mount Friable. For a distance of more 
than half a mile across t,he strike, gneissic diorite is exposed that 
contains granulite beds in parallel orientation to the gneiss. They 
range from 1 to 6 inches in thickness wit11 the exception of an0 bed, 
which is about 300 feet thick. 

At severaI localities within the mapped area beds of limestone are 
found included in dlorita. In every occurrence observed these beds 
lie parallel to the gneissic structure of the enclosing diorite. The 
largest continuous bwI of limestone lying mi thin diorite is exposed on 
Mount Skarn where it closely follows the summit ridge east of the 
summit. The bed ranges from '75 feet to about 200 feet in thichess 
~ n d  is exposed mitl-lout a break for n length of 4,000 feet. Part of its 
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length is hrdemd I1.v gmnlrlite kcis AS math ns 200 feet. thick. These 
atre highly recrystitnllizetl and from R short distance strongly resemble 
tile diorite. This belt of l i m ~ s t o n ~  nncl grnnnli te is bodered on both 
sides by gn~issic cliorite wit11 the srunp strerturnl orientation as the 
bedded rocks. 
Eklnted to this liol~sione lwd on the s r m ~ m i ~  ridge are three lime- 

stone beds enclmcl in prissic d ioritc! nurl expwcl on the west shire 
of Tryridall Cove. Thp beds I ir nlong I h~ project~d strike of the summit 
ridge limestone, nnrl f 1 1 q  rind t l ~ e  ~nclosing gn~iwic  diorite have the 
same strike nnd dip. From riart Sa to sortth f l ~ e  Iwls nrc 10 feet, SO feet, 
and 4 feet thick r~slwct iwlp, wpnr-nt~d by 20 feet nnd 30 feet of 
diorite. 'me bedrock iw t \ f *~m this O I I ~ C P O P  nt~d the sl~tnrnit ridge 
belt is concenlecl so tlrnt unE cttn~~ot I* trnr~rl into the other. How- 
erer, if t.l~ey fire n l l  cot~t itiuous nnrl p'u't of t lit! anmc lwcl, they form an 
included bed of limestone rnorc t h n t ~  O,OOO Fwt. long. 

A curionsly similt~r ex~~rn1)la of 1)rnrr.j ttt ion mlti ~eplnrement. in 
lirnesto~le instearl u€ dinrite is t:xposr*(l on tile north s l i a ~ ~  of Glnciar 
Ray, 7 miles norill of tho nortl~rvrst olld of I lng l~  Miller Rlonntnin. 
Here n blnck l im~stone 11ns 1)rtlt~ l ~ ~ ~ ~ c u : i r ~ t ~ ( l ,  ni~rl 111s finely ~;llntZer.ed 
material, 1110ng wit11 ptirt s of t lw 111rpr bloclrir, l ~ n s  I w n  1.ep1xced by 
calciio. Tho si~nilaril y of nppenlmnnrtr nnd form b ~ t w c ~ n  this nnd the 
breccinted iliarite s~sugpst,s n pnrnllsl i l l  the prnrtl~ws by ~vhich  the 
two were formed; thnt is, 1)rrccintinn follo~v~ci Ily prmention of 
solntjons nnd recryst nlliznt ion. Tn tlw limcston~ hrrccin, calcium \ms 
ndded and the dnrk rnrbonnceons ~nnt PI-in1 ~movet l ,  rind in the diorite 
breccia, qunrtz and pwsibly sodirr~n \\-em. nrlded r~nd iron and mag- 
nesium were rerno~etl. Fignres 97 nnd 28 s11o11- t IIP similarity bctrrcen 
the limestone and the rlioritc I>wrias. 

-4. t - p e  of djoritc relat~d to I he hrecrint~tl rlioritc? contains ~thundnnt 
msfic inclusions that differ fmm t l~p nngnlrr, hlorky jrvlnsio~~s of the 
bmx:i&d diorite in Iknrinp motr ~.or~ndetl sliaprs and pailatio11n.1 
borders. In places the ~ I I P  fwrn gradps Ento t l w  ot lrer7 ilidirnt ing  thnt 
Ille roundd i11~111sions nre 1)nrlly I-epfncetl ~vmnnnts oE nngular in- 
clusions. The p m s s  thnt rnarrpcl 1rplnrcnr~11t of the finely r:nrsltetl 
material nppamltly cont ~ I I I I P ~  Itrng e n o ~ ~ g h  in pfnrrs to cause pnrt,inl 
replncement of the Iwpr frngmt~~t  ts. I3~tggt-dl j i r ~ d n t i o ~ n l  horclers 
and porph~roblastic plnpir~lns~ t Iwn~rglloni lnntlg of the mnf c in- 
clusions are indications of this cont inn~c l  rt~pl~tccment. 

Field relationslijps and pet mpaphic ~vide~lce  suggest thxt the 
diorite in the mupped area \\*as p~nbablp deriver1 lnrply from bedded 
~r l i r non t s  t~nd %-01canic rwks. 'I'lle evidence or1 v-lticll h ~ i s  co~~cl~rsion 
is based hns h e n  rlescrihri tliroughont the fowgoit~g text ao t,llat it 
short summary will suffice 11em. 
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fmm north to Y. 45" TtT. nnd dips mnging from 60" E. Ito 60" tv. 
'tV11efe the strike IwnlIp diverges considembly from this, the fabric 
in adjacent cliorite nnd lwrlr l~c l  rwk bodies is mostly parallel. This 
is interpmted as indicnting thnt the diorite n-os formed hy replace- 
ment of pnrt of the oripillnl Iwdded rwks and that the fabric elements 
in the cliorite ntr! r ~ 1 i t . i ~  of I~ecldinp from the replaced =diments. 
Additionnlly supporting this conclusion is the ericlerice furnished by 
the lim~stont! lads thnr atr confom~nbly inclnded within masses of 
gneissic diorite. 3iorv tltntt ten of these included beds were ol~scrvcd, 
ranging in t Ilirknexq fmnz s~vernl feet to 200 feet and in length from 
nboat 100 f e d  to 4,000 fwt. At. each inch~sion the h,drling of the 
limestone, t llr, fulwic of t llr tnrlosing g~leissic rliorite, nncl the con ti~cts 
btrveen the two I\-elnP 1 ~ 1 1  pnrnll~l. PurHlennore, the undi~t~urlwd 
condition of t l b ~  1ii~tt1'1y ~vlil~-lo~lg l im~s tonc  inclusion on Mount Skttrn 
i n d i c e s  that, t, o nppnrc~l t niovrment nccornpn~lied tlia incorporation 
of tile lirn~stnt~c ilit i )  the diori tp. T lwse  ~.clntianships are interpreted 
to \)A tllc mslllt of I Y * ' C ' P ~ ~ C P I ~ ~ ~ I I ~  nf chemically fnvornble sediments by 
diorita, with cha~lirnlly nnf:lvo~~rtle beds, Ilem the limestone, remain- 
ing unnflccled nntl 1~t:sist ing ltwnllp na the only relicts af the ffomcr 
bedded seqilcnce. Sirnilnr rr l ict l im~stone heds conformnbly enclosed 
in a pnri~gneis~ llnvo bccn rpportrcl from thc Rarnkorurn region of 
Ihe IIimali~yn Mfiimtnins (31 iwh, 1949). 

The mnny grtlcln tioil~ll ront arts l~c t  IYWII clinrite A I I C ~  becld~rl rocks 
throughout, the mnpped nwn, nlw sngpst a genetic refationship h- 
tween the riiorite nnd the h3ctlderI rocks. Ericlcnce that tl~e* kbedcled 
racks c m  Ire n~ctnn~orphosrd illto diorite is f~~rnis l~ed by tile pro- 
gressive g x t l n t i o ~ ~  fro111 11ot.llf~ls to wllist stto gneissic diorite in the 
Fnl-orite creek nnd Contnct Xunntnk outcrops, by t Ira inQrhgering 
and pdnt.ionral relntionsl~ip% nnrno~l~ grnnlll  it^, h~rnMendc-~l~gio- 
claw rack, ~lioritt? in Cipiki~. Glncirr terminns outcrop, and by the 
beds of dioritic rock in sequences of hornfels nnd granulite such as 
those on the ~ 0 ~ 1 t h  ridge of I;llllied I'~ak and the north r i i l s  of 
Bl~chhorn Penk. 

The abundant mnBc innlttsinns scnt t~rrrl tlrronglmut most; of t,he 
diarite furnish little evidenm in t l t ~ n ~ s c l r ~ s  regnrcling the orign of 
the diorite, The strong tendmcy of tlwm inclll~ions to lie with a 
preferred orientntion, l~o~r-ever, elms R I I E ~ C S ~ ,  one of these: two powi- 
biIities of origin for the inclusions and i t1 tilrri far the dinrife: &her 
Ihe inclusia~is rppre.esent xpnolit 11s tlbnt, were rott~tsrl into a common 
orientation by differentinl m o v e r n ~ ~ l ~  114 thin the plnst,ic host rock as 
the latter was flowing, or elm they nra mIicfs of bedded rocks whicll 
retain the orientation of the original bedding. Doth pmsil~!liiies offer 
features difficult to explnin, but the co~lc~pt: of n differclltinl rnovpnlent 
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or flow in R plastic medium that woulr2 procluce x pfirallel orientation 
thraugl~out an enbire body seems untenable. Uifferent.in1 Aow in n 
flowini viscous body is a lmundnry efleet, rind where the body is 
nnrrow, rts in a dike, the eeffcts from the two houndttries could extend 
to the center and yield il pnrallel planar fabric t h r o ~ l ~ o u t ~ .  TVhere 
the body is relatively ec le  (miles wide in this area), liowe-rer, it 
seems more likely that m11c1l of the cent,rnl ppnrt of such s f lowi~x mnss 
n-ould lack ~Iifferent~ial flow and tl~erefope, transported i~lclusions in 
the central part would hnve n rnndoln orientation. Also it seems likely 
that in a plug-sl~nped mnss of flowing material the difiemntinl move- 
ment mould be pnrnllel to the conhing boundaries nnd mould there- 
fore leave a fabric concentric with the boundaries. Such 8 pxtkrl~ 
is not to be found in the dimitme bodies of this area. Instead the fabric 
extends shrwigl~t across these bodies and is parallel to the boundaries 
only where the bonndaries are in turn paraIleI to the bedding in the 
~ d j m n t  rock. 

Two other feat~rres suggest, that the inclusions are relicts of sedi- 
mentary pock and not xenolitlls. One is pnmllel alinement of the disc- 
slwped diorite inclusions m ith ~kdjncent inclusions of hornf els and 
granulite and 1s-it11 acljncent beds, in many different places. The other 
is the range of compositions of inclusions that are in close proximity. 
Granulite, fine-pained diorite, nnd limestone inclusions are close 
together nt several 1ocaIities. 

Suggestion of n metamorphic origin f o ~  the diorite is found also 
in microtexture which is predominantly crystallo~last~ic, and shows 
an abundance of poikiloblastic hornblende and porghyrobIastic 
plagiodase. The borders of individual mineral grains are genarally 
irregular with considerable interpenetmtion htn-een adjacent grains. 
Exceptions to this fire fou~ld in several smnll areas where the diorite 
l~rts nn idioblnat,ic texture mit,h fairly regular mineral grain borders 
t,hhnt do not corresporlrl to crystnI hmldnries. The* ttest~1ml features 
seem to indicnt,e an origin by rec~ystnllization of bedded rocks rather 
ihnn crystallization from n liquid mass. 
The cliorite is similar in b t , h  ~ninernl and chemical composition to 

much of the lwrnfels, granulite, and harnblende-plagioclnsa rock. The 
chemical compositions of samples of these rocks are give11 below for 
comparison. A11 t,ha variations fall within a mw that would allow 
the rnetasediments to be recrystallized into the diorite with little 
change in composition. 

Some meta~ornat~isrn map have Imn active IocnlIy, as is indicated 
in the  Contact Nunz~t~alr area, where the formatmion of diorits from 
scl~ist was probably accompanied by the addition of silica and soda. 
Excapt for such locd exchsaps of conlponents, the regional rneta- 
rnorphism was probnbly in large part isocl~emic~l. The mineral as- 
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semblaw in the rliorjte nllcl in the Iwdrled m~tr~morphic rocks indicate 
thnt tilt grade: of rnrtnmorphis~n is pml~nblp near the kkntazone- 
mesozone lmder. 

RORNBr'ErPnEPtAtlIOCLasE ROCK 

OCCUItRRNCZP; AND DfSTElfRUTfON 
I. 

The term I ~ a t ' ~ ~ l ~ l ~ t ~ d ~ - p l ~ t f i i o ~ ~ l ~ i ~ ~  rorlr is t~pplied t o  s met~~morphic 
I - C C ~  carnposetl eswulll t inlly 01' Iiol~ilbl~~~de, tint( ol igoclnse or a~clesjne, 
and cl~nrttcterix~d I)y n 1 PX~I I IP C ~ I ~ I I ' W ~  tEl111l t l tnt  nf granulite and less 
regular thnn tltnt of cliorit~. R e r n ~ ~ s  it; tlpppars in plnces ns tbe 
equivaten t of tlie IIR(IcIP~? I ' O P ~ S  n l r d  i n  nt lisr p1:rces ns :t transit iorinl 
rc~ck 1)orderillg n rliorit~ nlnss, its tlistribtltioi~ orcr the awn forrns a 
patchy niltl errntic pnctcrn. 11 f t ~  of t lie In rps t  or more ~ ~ n u s l ~ n l  
occurre,~~ces \\-ill l)c clcsc~.ilgtI briefly 11rm. 

Tlle most prominent, expoallre nf latlcled Ilornblcnde-plngioelnse 
rock is on the ~vsst, side of J~InckIl~ori~ I'rl~k, \\.IIPIT the rwk js inter- 
lmdded wit11 grn~lnlitr, Iiort~frls, nnrl linrcstol~e. Vombin~tl, tltese 
farm n wqwnce more thnn 2,OOO f ~ e t  t11ic.k. 111 plares the 1lornMenci~- 
plngioclnse rwk fonns c.nt i1.c lnrls .wrn.:ll f ~ r l  thick and hnndwds 
of feet long, nnrl in otller plnces it fonns s~nnll, l~r l l~nr~s  pntcl~es within 
beds of horn fels nlld ,rrl':11ll11  it^. Tlimc rniles I I O I - ~ ~ I  of Hlackthorn 
Peak, nnd npproximniely tilnrig t91~  strike of the l~c l s ,  is the ol~tcrop 
of interfilipring pa~lo l i te ,  I~o~~~~l~Ie~~rle-plngi~~lilsc mrk, ancl gneissic 
dinrite clescrilml prerio~aly ill connect ion with the, granulite and 
cliorito layers exposed nt tlw Geikie Glacier terminus. J I P . ~ ,  the 
hornblende-plagiwhse rock, in Inany s ~ l r n l l  pntellm, qqMrS to 1~e ;  a 
transitional p l i : ~ ~ ~ :  JX~WCPII the prnr~rllite 2nd diorite. 

hmedintely nortlt of tlie tclm~inna of Cfpikip Glacier is II scattering 
of outcrops of i nterbedrletl l irn~srnne, pnrurl i te, horn1)lenrle-plngio- 
clase rock, n~lrl gneissic rlioritc. 1111 lwds follow tlre same strike, nnd 
except, for the limestme, r~lntions\~ips nmmg the different types of 
rock are p d n t i o l ~ n l .  Fmnl tllis nrrn \vest to t l l ~  C ~ C S ~  of the south 
ridge a€ Fossil I'enk, the ho~nl~ l~nde-p lng ioc la~  rwk includes tppes 
ranging from medium-fin~-gr'ni~~erl to conrsc-grniiiecl, p p n t i t i c  rock. 
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Miitera1 con, posilicm of granulifr and hornblende-plagiocloae rock jrom Favorile Creek 





grossularite and =apolite aggregates. Parallel to these blebs 
prominent bands of augite, bordered in places by elongnte aggregates 
af sphene. The third specinlei1 (specimen 344) is representative of a 
coarse-textured wneissic h01-~1M~ncle-plagi0(:111% l-ock that has a. gradn- 

b. tional relationsh~p to the adjacent peissic diorite, which it clmly 
rwsernbles. For comparison of t Ilese specimens, see the phot ograplls of 
specimens 344% and 344 in figures 33 and 34. 

A comparison of granulite and llornblende-plagiodase rock from 
adjacent beds in an outcrop north of Geilrie Glacier indicates the in- 
fluence of the compositiarl of Bie original rock on t11a metamorphic 
equivalent. The minernl composition of specimens from thest! two 
rocks (specimens 149F and 14DF2) is given in the following tnble. 
The coarse texturo of Ilol~~blel~de-plngimlas rock results 1 xrpl  y 
from the size of the hornblende por~llyrobIt~*s. The finer grain 
texture of the gmnnlite (specimen 1MF) resulted from the formation 
of biotite in plaeo of hornblende, wl~ich appare~ltly resulted from R 

w~rplus of pota~iurn in t b  originlll mdirnent. The texture of the 
l~ornblende-plrsgioclnse may be wen in figure 28. 

Milaera1 compot~iliuns of yralaulile and hornblende-plagiocLme rock fmm adjlacenl bed 
[Composltlon In p c m t  by volume] 

,. 

Oranulite ........ 14QF 132 ........---. ............ Tr. .....- 
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- 
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Well-bedded hornblende-plngiorlnse rock found on t,he west flank 
of Blackthorn Peak shows gadation in grain size aIong the strike of 
beds as well as ht ,~veen beds. A speeime~i of this roclr (spwirnei~ 199) 
sho~vs pronounced differences within fractions of nn inch (we fig. 22). 
The average mkwd wrnposition is : llornbletde, 52 percent; pbgio- 
clase (ha;), 36 percent; diopside, 11 percent; and lrxaes of sphene, 
apatite, and pyrite. Individunl beds are nbout, bdf an inch thick 
and range from hornfels to hornblende-glagioclase rock both along 
and across the strike. The heds of finest grain are of altered plttdo- 
clase, tho intermediate-grained beds nre of poikiloblastic hornblende 
nnd diopside and sm Jl grains of plagiac.lase, nnd the beds of coarsest, 
grain contain larp dear crystals of hornblende. This specimen re- 
veds the thinness of the zone that can separate hornfels from horn- 
Mende-plagioclase rock. Gradations between the two cen be quite 
abrupt. 



The hornblende-plagiwl~se rock group includes tt variety of rocks 
wit11 the various different. rocks representing a corresponding diver- 
sity of original m k  material and pmces,w of development. Originnl 
sources of material probably includd igneous flows and sills, nnrl 
chlrareous shah and p y w a c k e .  The m u m  rock for a particular 
hornblende-plngiocI~% rock can be identified only where relict text,ure 
nnrl strricttm are pwwrved or wllere either lateral or normal pad&- 
t,ion into n less metnmorpl~osed pnrt of the rock reveals the oripinnl 
I , y p  of material. 

'I'he sim ilnri ty in cornpositmion between the hornblende-plagioclase 
rwk and wme of the possible clource rmk such as homfels and 
granulite jndicatm that the metamorphic processes involved in its 
format ion co~~lrl have h n  I ~rgely  isochemical. 

I3odies of grnnuclioritc! llnve been intruded into the diorite mcl 
bedded rnetnnlrrrpl~ic rocks of this nren in several places. The p n o -  
diorih in all of t l r~so  bodies is sirnilnr nnd forms st.mctureless lnnssres 
of uniform cnmpmjtinn and texturn. 7F71em ex-I, the contacts 
of these bodies with the ndjnclrrlt rock are sharp and denote nn 
intrusive mlatjonship. In places npophyws of p n d i o r i t e  hare pme- 
tratd ndjacent rwks for M rnl~cl~ as several tthoumnrl feet. In most 
plncew the m~tnmorpl>hic effects of the panodiarite on rock that it 
Intruded nrt? ljmited to n xonc n, few feet thirk. Tlze mast extensive 
zone of altemtion obwrved \wuq in a sequence of hornfels beds on 
Threesome Youat ail) where tlha intnlsion of tho pncdiorite; had 
l~reccinted the h o n ~ f ~ l s  nnd provid~d many channels for soIutions 
to permetlta Here tlw brert!ifited I ~ l o c k s  of l~arnfels had h e n  altered 
so t.hnm~rgItly tlint. nituly I I ~ ) ~ H I . P ~ ~  ss mew sliadnn.y ontilines within 
the grnnocliorite. 

Tho l ~ r p s t  grnnntliorite stock I t n s  an firen of more than 10 square 
miles; it surrounds .4l~ys~,  Lake nnd extenria about n mile into the 
area wut21 of Mount Fairwent hcr C-2 qundrangle. The stock is in 
<:ontact with diorite on all sides o m p t  t l ~ e  ~lortheast, wlwm it has 
intruded thin-hdded led I~ornfols. Near the middle of the sitock, 
a b u t  a mile east of Abyss Lake, a mass of diorite half a mile wide 
by one mile long ~wmrtins as fi roof pendant, capping the grandiorite. 
A canyon cuts thmugl~ the center of tho stock and exposes it to a 
depth of 3900 feat. 'l'he canyon is formed by a d r ~ i n a g ~  channel of 
Brady Glacier via Abyss Lake and its nutle,t stream. The granodiorite 
is uniform throughout this vertical distance ~ n d  forms monolithic 
walls to the canyon. A. widely spseed nnd notably regulnr joint 



systam is responsible for the large scale slabby configuration of the 
cliffs. The uniformity of the granodiorite makes it easy to distinguish 
from all other rocks in the area. 

A second granodiorite st,wk, located bemeen the crest of Mount 
Bulky and the terminus of Geikie Glacier, is exposed over tkn area of 
about 7 square miles and probubIy underlies se;\-ern1 additional square 
miles covered by glacial deposits. To the west two bdies of gmno- 
diorite, each less than half n ~nile long, a1.e exposed on the ertstern 
part of the e& ridge of Fossil Peak. Tlley nu~y be lfirgm offshoots 
from the Mount Bulky stock. 

A t,hird granodiorite stwk is exposed over an area of more than 
half a square mile on the north side of Gullied Pent. As with the 
other st,ocks, contacts are sharp and indimte that khe p;r.anodiorit~ 
mas intruded into diorite, granulite, and honlhlende-plngimlnse rock. 
As the northward extent of this body is concealed by I h g h  Miller 
Inlet the overall size of the stock is unknown. 

Small bodies of granodiorite are expawl on several of the islands 
of Hugh Miller Inlet, along the shore nortl~west, of Hugh Miller 
Mn~~ntau~ ,  in the bed of the stream draining nortl~westward in the 
vall~y between Hug11 Miller Mountain and Mount P~vorite, and in 
soveral otl~er scattered places. The similarity of t,l)e rock in these 
small bodies and the laqpr atocks indicatm khttt they WE related and 
probably were intruded contP~nporaneo11~1y- 

The granodiorife in t,he Cfiikie Inlet area, hcause of its similar 
lithology and its stratigraphic relationships, can be cxmsidererl as be- 
longing to a grnnodiorite unit thnt forms stocks througl~out the region 
to the east and southeast. This pnodiorite 11~s bee.n regarded by 
earlier geologists M being of Cwtnceous age. 

The granodiorite is n remarkably uniform rwck, composed of itp- 
proximntely 45 percent, quartz, 30 percent oligoclm, 23 percenl: artho- 
clam, and 1 to 2 percent Ilornblende and biotite. This low- mafic 
mineral content would justify applying tle term leu~ogmdiorit~e 
to the rock. Ona specimen had a chemical composition as follows : 
SOs, 71.4 percent; -klaOa, 15.8 percent; FezOs, 1.9 percent; MgO, 
0.59 percent; CaO, 2.2 percent; NatO, 4.2 percent; and KzO, 3.6 per- 
cent. The texture of the grandiorrte as seen in thin sections is ani- 
formly l~ypidiomorphic (fig. 29) . 

Granitic dikes are distributed sparsely tllroughout the area and 
twnsgct every type of rock except pnodiorite. Most of these are 
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aplite, but a few are pegmatite. They range from a few inches to 50 
feet in thicknm and in generd have erratic courws. Ari exception 
occurs on Contact Peak, where a thick aplite dike cuts vertically 
through the. center of the mountain and crops out as a conspicuous 
straight white band bisecting the mountain. The aplite dikes md 
most of the pegmatite dikes are intrusive and probably are genetically 
related to the pnodiorik intrusions. This relationship is demon- 
strated in the vicinities of both the Gullied Peak stack and the Abyss 
Lake stock where a large number of aplite dikes penetrate the sur- 
rounding country rock. 

A specimen of an rtplite dike, taken half a mile south of Contactr 
Peak, is composed of about 85 percent of a fine-grained groundmass 
of partly altered plagiwlnw and quarh, several altered enhedral 
crystals of plagioclsm ( I A n a o ) ,  and a hornblende phenocryst now 
altered to chlorite. Other aplite dikes have a semewhnt coarser and 
more uniform grain size. 

A few of the coarse-grained pegmatitic dikes do not %ffect struc- 
tures in the hmt rock and appear to be of replacement origin. Several 
dikes of this type am exposed in diorits in the bed of Favorita Creek, 
several hundred feet from Favorite Fiord. The composition is as 
fallows: 40 perwnt orthmlnse, 30 percent plagioclxse (AnBB), 95 PET- 
cent quartz, 5 percenk biotite, and a small amount of magnetite. 'Ilhe 
texture is xenoblastic. Tl~ose dikes are too numerous and small to sl~ow 
on tha map. 

MAFLC D m 6  

Mafic dikes am extremely abundant in the limostone and relatively 
abundant in the o t h ~ r  bedded rocks and the diorite. Only one was 
obsarved in granodiorite. hdividud d i k ~  maintain relatively uni- 
form thickness and follo~v more mguler patterns than the aplite dikes. 
The thickest dikes observed were about 30 feet thick and the thinnest 
a few inches thick. From 1 to 3 feet, is an avorage range in thiclmess. 

Most of the mnfic dikes are diabasic and have intergranular and 
ophitic texture. They are composed of labmilorite, augite, hornblende, 
olivine, and mapetite. A dike in the vicinity of Wood Lake, typical 
of t.his type of dike, is composed of 55 percent labradorite, 30 percent 
nugite, 5 percent magnetite, and 10 percent olivine that is partly 
altered to hornblende. 

G m  to grey porphyritic dikes of mafic rock also crop out in the 
area but are much less abundant than the lttmprophgric dikes. One 
specimen of a typical green porphyritic dike is composed of 
phenocrysts of hornblende, n fine poundmass of altered plagioclase 
grains, and relict phenocrysts of labradorite altered to a fine mosaic 
of quartz, prehnite, rtnd small plagioclase grains. 
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A smnU, ineg~lar  (dike. of rnnfir rock is exposed on the crest. of the 
south ridge of Fossil Penk. This m k  wns not obsprved elsewhere in 
the area. It is compowd of olivine nnd ~nshtite wit11 some bmtite 
formed as ail alterntion of f he ensfittite. 

As with the felsic dikes, ~ I I C W  rnnfic are too numerous and small to 
show indiriclunlly on the mnp. 

STRUCTURE 

The major stn~ct~~rnl f ~ n l  u l r  of this nrpa is formed by a. belt of 
bedrld rocks thnt d r i k ~ . ~ ,  i ~ o ~ t l l  to S. 'LO0 E. tl~ro~lgll the centsal part 
of the area. On the I Y P S ~ ~  sir'ir? of  the Iwl t the lsetls dip steeply east and 
on the p113tm sitlo the I W ~ S  1li11 IPS st~eply \vest. suggesting ~t I:~rge 
r~nd asymmetrical syncline. Strat,igrapllic evidence for this is Irtcking, 
J~owever, n~ beds nre not duplicated on wlznt would the two limbs 
of the syncline. Smnll iso~li11~1 folds are pl~,$ent withim the large 
structure hut in pncrn1 the hds nre not distorted very much. 

The lnrp ~truct,nrt! ends to the north on the ridge north of Maynard 
Wacier. Xorth of this ridge, in the Gl~lljed Peak area, beds are quite 
contorted nnd the structure is complex, if not chaotis. In  dhes parts 
of tlie nrcn the struetnrnl twnd in most. of the bedded rocks and the 
g~leissic diorite is pnrnllel to t hnt of the ceiit,ral belt. In s few places 
srrch ns the Gullierl Fenk nren n~ent io~~ed  above, the structure appears 
tc, be chaotic nnd itt other places the strike of the beds is nt, large 
~cngla to tho tretbd of tho central be1 t. Examples of this latter condi- 
tion am fo~md an Tliugit I'enk w11er.e the beds strike east, ancl on the 
nunntak northwest of Aurora Glncjer where the beds strike northwest,. 

St,ructures in the l ~ d d e d  and foliated rocks are truncated by the 
bodies of pnodiorite rind In no plsws do they wnrp around the 
grnndiorite bodies, This relationsllf p indicates that the deformation 
of the rocks ~ v n s  complete by the time the grandiorite was intruded. 
As the grtmdiorite is presunml~ly of C~-etmcceous age, the folding is 
pm-Cret~ceous. Inasmucll as late Paleozoic dimentary m k s  are 
r!efomed, folding took place nfter l ~ t e  P~2eozoic time. Theref ore the 
oropny can kw d a t d  as probably early 3Iew~oic or wry lste Paleozoic. 

T ~ I ~ O F I ~ ~ I O I I ~ ,  southenstern ,2lnskn a sptem of lfirge far~lts t , ~ n d  ing 
prirnnriIy north to north~est has been a m~ltrolling factor in the 
orient ntion of the many long straight pnrallel -\~.nlle~!ps, inlets, nnrl 
fiords. Within the Geikie Inlet area, a few of the larger and more 
conspicuous f erttnres that %are pl~ysiopraphic expressions of this f m.11 t, 
systnm are Favorite Fiord and its extension, Tynrtnll Cme, Shng 
Cove, the valley occllpied by Geikie and Hng11 Miller Glwiem, the 
transvem valley of Geikie Inlet, and the valley bet\\-een Jfount 
Favorite and Hugh Miller Mountain. Stre~m courses are chnmrbr- 
istically straight and follow one of the two major f ~ t l t  directions, 
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namely north or northwed. A lesser number flow northeast, normal 
to the predominant trwnd. FnuPt zones in the diorite fire commonly 
colored pink by a coating of 1aumont.ita on Ithe fractured s~trfnoes. 

Evidence that hultiag is taking plnca nt the present time was 
found on the west dope of Fossil Yenk. Irere in loosely c~nsolidahd 
tnlus, a fault scarp wit11 R mnxim~rm Iteigl~t of 4 feet extended for 
nbout 600 feet along the slope. The upthrown side of the fault, was 
on the dow~nl~ill side of tile slop,, SQ ttlr~t the warp formed a sheer 
mnll facing upslope. S t r e ~ m s  crossing the fault were dammed I J ~  the 
scarp  lid \\-em beginning to erode i t  rnpidly. U I I ~ P ~  these conditions 
the scarp ridge xould not last long nnrE the faulting tl~erefore must 
have occurred shortly be.fore the scarp was observed, and also nlust 
have taken place within n sl~ort; period of time, probably in one 
movement. The faulting definitely took place bss tllnn 2 years prior 
to the time of observation, RS n~rin l  pl~otogrphs taken 2 years earlier 
discIose no trace of the fault. 

GLACIAL HXBTORY 

TIla glaciers of the Glacier Rny tmgion &re highly responsive to 
~ligllt cllfinges j11 climata nntl lintre andergone several major tidvfincrs 
nnci m t m t s  r r i t l ~ i ~ l  the pnst. H,CHKI years. During each major advs~nre 
the vaIley glaciers hnve cottlemd and formed n central ice sheet that 
filldl mmt of Glwier Bay. The latest tldvance reached its maximum 
in the 18th century nt  which time the central ice sheet col-emd an aren 
54 miles long and from 2 to 12 iniles wide, and extended to the mouth 
of Glacier Ra?. Jn 17!3P the front of this ice shmt w w  clearly villiiblo 
from Jcy Straits (Vancouver, 1798). About the beginning of the 19th 
century this ice sheet began to recede and 'by 1879 it had entirely 
wasted away (Muir, 1895). The valley glaciers that bad been tribu- 
taries to the muin ice sheet continned ta recede after wikl~drrtwat of 
the ice sheet, but the retreat of some were obscud by 1aqe fields of 
ice left by the ice sl~eet in the lower parts of the tributary vnfleys. 
Some of this stagnant ice persistad for 50 years even thougll it, lost 
an averap of 20 feet of thickness annually. Once this ice mas gone, 
the termini of the valley glaciers began to retreat up the individu~l 
valleys. h the Hugh Miller Inlet and Favorite Fiord nmm this 
dimpparance of stitpiant ice and s u w u e n t  &rent of glacier fronts 
did not occur until sometime between 1920 and 1830. 

Although most of the glaciers in the Glacier Rny region have con- 
tinued retreating to the p r e ~ n t  time, severs1 have attained equilibrium 
sins the witl.~clraw~l of the ice sheet. In 1952 one of the 
glaciers, Grand Pncific Glwier at the northwest head of Glncier Bay, 
stopped its retreat. and since then h ~ s  maintained the position of its 
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f w n t  within H mile. By 11129 tlnother of the largest glaciers, Johns 
Hopkins Glacier, had stopped its retreat; and in the following I9 years 
advanced n mile. Most of the other vnIlg glaciers are still retrenting. 
The factor that probably most strongly influences the condition of an 
individual glacier is the altitude of its basin of nccarn~~lztion. 

The recession of the lower ridley glaciers mas probably accelerated 
by c l ~ a n p  in the ril i mt~te ~ a s u l t i n ~  f ronl rernor:~l of large areas of ice. 
These changes probably inclucled nn inct-ease in prevailing tempera- 
tures, R decrease in precipitntion, tl~td a decrease in the cloud covar, 
nII of wIzich 1~ou1d ndvel-sely affect the glaciers of the region and 
especially the, lower and less stable glaciers. 

An excdlent  word of the lmetreat of the t:l~riers during the past 
75 years is a~v~ilxblt? from the maps n11cI photographs provided by 
surveyors and geologists wl~o visited the are:& nt inkrvnls  over this 
spm af time. The dlanps in tile glt~ciws within tlie area mapped 
have been exte~~sive 2nd w e  ~vortli brie.f (Iescriptions. Inasmuch xs 
thpm glaciers air: r a ~ t i n ~ l i i i ~  to reterle, the present conditions will 
not be maill ta~ined for long. 

The TIugl1 Miller, fiI~by~iw~-d, Clt~rpentier, and Favorite Glaciers in 
18'19 npparentlp all j o i n ~ l  :I piedmont glacier t h t  was left as n wrn- 
nnnt by the muin ice sheet. Tbis piedmmlt glacier filled all of Hugh 
Miller Inlet, covered n h o ~ ~ t  -4 squaw miles, and was 1,000 feet thick. 
However, it w a ~ e d  rapidly; l)y 1892 it remxin~d attacl~ed only to  
H11gh Miller Glacier, and by ID29 it, I~nd vsnisl~ed. Since then JIugl~ 
Miller Glacier has conti~luetl to rdreat ah f i   rat^ of 100 feet or more 
a year and now stands with its termillus n quamr of a mile from 
tidewater. Its tarminus is still a shecr irx cliff indead of the gentle 
slop common to nll ather Innd-bound glaciers in the mgion. 

The other thrce dltcier.s that had bmn joined to the IIug11 Miller 
piedmont glacier continlleil to join ns 3 single trnnk glacier in Chw- 
pentier Inlet until m~netjme h e t n - ~ ~ n  1906 n ~ ~ d  1919 11-11en t11e.y sepa- 
rated and ern11 retreated into its owti valley. Of these t,rihutnry 
glaciers, Maynard (;lncie.r and the north tongue af Cl~arpentier 
Glacier nre continuing to retreat at pl-ewnt, n11d Favorite Glacier i s  
now entirely gone. The latter ollce occupied Faroritme Fiord and at 
one time formed an outlet tongue of Cliarpent,ier Glacier that drained 
into Geilrie Inlet. After the ico in Hugh Miller Inlet lowered con- 
siderably follminp w ithdrawd of the ice sheet, Favorite Glncier 
reversed itself and flowed toward Hug11 Miller Inlet. From then on 
it was without a source of nourishment and wssted rapidly. In 1919 
it still remained hundreds of feet thick and filler1 a mile of the head 
and of the fiord, but by 1920 it was gone. 

Photographs taken in 1804 show ice fielcls filling and covering the 
valley and hills ewt of Gullied Peak, the entire plateau flanking the 
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northeast side of Red Red Peak, and mudl of the vnlley between 
Hugh Miller and Fawrits ~llountnins, By 1931 remnants of the latter 
two still remained (C. 71T. TVrigllt and F. E. T i g h t ) ,  but in 1960 a 
small m a s  of dirt-covered ice. 30 feet t,IlicIc on Red Bed Peak was 
the last relic of these fields. 

In 1879 Geiki~ Glacier ext,e~~ded far ~eno~lgll down Geikio Inlet for 
its front to h visible in detail from the entrai~ce to the inlet (Muir, 
1895). As Geikie Inlet is 12 miles long, this mould inriicnte that the 
glacier occupied at lei& several miles of it. The glacier retreated 
rapidly from this position so that by 1892 it formed an ice front that 
~ncimled the head of t,h0 inlet not far off shore from the present shore 
line (Reid, 1894). By 1906 the ice front was tidal in only a few 
places and Geikie Glacier WEE no longer joined on the south to Wood 
Glacier. In the succwding years Geikie Glticier continued to retrent 
so that by 1950 its front stood one and one-half miles inlmd. At this 
time it was receding about 400 feet a year and was stagnant up to an 
altitude of 1,500 feet. As the retreat continues, the coi~lexing tribu- 
tary glaciers of the Geikie Glacier system will eventually become 
separated into individual valley glaciers. 

Wood Glacier, once filling t,he valley now occupied hy Wood Lake, 
probably was part of Geikie Glncier when that glacier -rms at a mttxi- 
mum stand. Evidenca that W a d  Ghcier f load tl~rotr gh the longkh of 
its valley and did not originate locally is founci in aerial photographs 
talran in 1929 which ~wveal this through flowage by tho surfam band- 
ing. As there wn3 no source of ice to the south, the glacier must have 
received its nourishment from and ~ c t ~ ~ a l l y  have been part of Geikir, 
Glncier to  the north. By 3892 when Wood Glacier was f i s t  observed 
at close range, it  had h e n  cut off from its source of nourishment by 
the retreat of h ikie  Glncier and was a stagnant platenu of ice. As it 
n1e1t.d it dammed a large lake on its south side that stmd 200 feet 
ahve  the level of the premnt lake. The shoreline of this old lake is 
conspicuously presrved in the valley at present. By 1929 Wood 
Glacier had been reduwd to an ice mass about two-thirds of n mile 
square, and by 194s it was gone. Evicienw of very extensive glaciation 
in the rtrea, probably during some enrlier advance, was found on the 
r i d e  west of MTood Lake about half IL mile soutll of Contact Peak. 
Striations and chatter marks llere jndicate t.llnt ice flowed over the 
ridge at an ~ltit~ude of 2,700 feet heading southward on a bearing of 
S. 10" W. Also erratic granite boulders strewn on the ridge of Marble 
Mount~in nt xu altitude of 2,300 feet near the entrnnce ta Gsikie 
Inlet indicate thrtt most, of the area described in this report was once 
covered by ice. 
In contrast to the great fluctuation in t l~e  glacie~s described above, 

Ghe eastern mzargin of the south part of Brttdy Glacier has not att~ined 



a level much rtbove the present surf~ce in the past =veral hundred 
years. The evidence for t,llis is a n-ell-developed soil mantle not more 
than 50 feet, above the surface of the glncier on the mountains border- 
ing its east side. Stxriding nndisturbed in this soil in many places are 
the dunlps of trees with trunks more than 3 feet in diameter. The 
development of the: soil, the estabIishment. of rt conifer f o r ~ s t ,  the 
growth of the trees to this large size, the killing of the tress by disenw 
or climate change, and the deterioration of the dend trees to the 
presntt stumps would recjuil-e wveral centuries witllout di~tl~rbance 
at R minimum. Therefore in this time the surface of tho glacier could 
not have h e n  more than 50 feet above. its present level hem. 

Ead~ time an ice sheet nd~mced over the Glncier Bay region, it 
destroyed or buried forests that had developed during the wnnner 
period preceding the advnnce. Remnants of such busied forests mere 
found scattered throngl~out t l ~ e  aren. Radiocarbon age determinntio~ls 
of samples from mverul of tliesa indicate that, t11l.ee and p o ~ i b l y  four 
distinct periods of bririnl n1.e reprvsent~d ; these ages, corresponding 
to ice advances, are 300 yetIra ago, 1,600 years ago, 4,000-4,600 years 
ago, and 7,000 years ago (Renpton, 1065, written commu~nication, and 
Preston, Person, and Dewey, 1956). Tl~ese ages correlate well wit11 
dehrminations from fossil fox-ests in other parts of the Glacier Bny 
region (Lawrence, 1955, written cornm~mication). Fossil t,rees with 
ages t,hat do nut eorrespot~d to any of the thres periods mentioned 
above haw also been found and mny represent ndditional ice advnnces. 

The fossil trees found in the aren were hemlock and spruce, and 
individual specimens were as rn~rcll as 3 feet in diameter. In some 
places groves of trunks are no\\- stt~~lding wl~ere they have h e n  
exhl~rned recently by streams from the olitn-as11 p v e l  that once 
buried them. Their t o p  have bee11 sllnrply sI~eeamd off, indicating 
that they rrere prt ly  buried by the gravel hfore the ice ndvnnced 
over them rand sl~enrerl them off at the p-ra~-el surface (fig. 33). 

ECONOMIC a E O L O G T  

No rninernl deposits of ecoi~omic rnlue were found in the nrea. 
Many quartz veins were obserred or-er a distnnce of a quarter of a 
mile on t,he north of t i le  ridge iimnlediataly mutl~ of Cbnwntier 
Glacier but these rvew barren except for large amounts of pyrib. 
The \wins were in lirnesto~~e nnri were probably xssminterl wit11 an 
adjmnt body of pranodiorite. 

Celestite mas found along a contact of the diorjte and limestone on 
tlm 3,493-foot knoll, three quarters of a mile soutllenst of Fossil Peak 
summit, bnt it extended only a fern feet along the contact, 

A 3erp quantity of dolomite is exposed in the r i d p  along the west 
side of Geikie and IIagll Jfiller Glrrciem. Becnw of its inmced- 
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