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GEOLOGY OF THE PORTAGE BASS AREA, ALASKA 

Tbe Portage PW area i~ in soutbeentrel Alaska, and includw part of the narrow 
neck of land that joine the Kenai Peninsula with the mainland to the nort,h. This 
region ia in general mountainous, elevations ranging from sea level to more than 
4,000 feet on the peaks hordering tlw area. Several glaciers, all of which are 
apparently receding, extend into the area. Vegetation, chiefly alder and cotton- 
wood on the valley lowlands end some Truce and hemlock on the lowcr slop%, 
extends to an elevation of about 1,000 feet, above which the slopes are beie 
except for ocwiond clumps of brush. 

The bedrock of the entire area is slate, argillite, and graywaclce, spparently 
part ot- the same great d e s  that extends from the Kenai Peninsula into the 
Prince William Sound region and is at la& in part of Crotacmus age. The only 
igneous rocks recognixad in the area are a few aaidia dikes and a small diabasc dike. 
Small, irregular quertz veinlete are w i d e s p d .  

The structure ia not only complex but, owing t o  exteneivs metamorphism, js 
in many places obecure. A general northesat atrike and steep to vertical dips of 
both bedding and clea~age planes are the rule, but there appeam t o  be EOmC broad 
folding along steeply northeaat-pitching axes. Although no large feults have been 
recognized, much movement has occurred along many small faults, shear xonea, 
and bedding planes. AU observed fault8 and shear zones trend northeastwtbrd. 

There are no mines in this area. Some mineralization of quart5 veins wm noted 
at a few plam, and m e  prospecting has been dono, but no workable depoaita 
are known. 

Po* Psss is in south-central Alaaka betwoan the heads of Paw 
wp Canal, a wmtom nrm of Princa WiIEiam Sound, and Turnagain 
A m ,  the eastern extension of Cook Inlet. (See fig. 7 md pI. 13.) 
This pass lies in rs nenrly continuous depmssion~ccupied by Turn- 
again Arm, Fortage Valley, and Passage Canal-that soparates the 
Chugach Mounhins on the north t p m  the Kenai Mountains, their 
lithological and structural continuation to the south. 

The area included in the present study is about 6 rnlm long from 
eaet to west and ranges in width from 0.5 to 1.5 miles, covering in d 
about 8 square miles. It lies between latitude 60~45'30" and 
60'47'30" north and longitude 148'4 1' and 148'52' west. 

211 
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212 MINERAL RESOURCES 0.F ALASKA 

The first geologist to visit thia locality was W. C. Mendenhall,' who 
in 1898 examined the rocks at the head of Passage Canal, then known 
as Portage Bay, and made two round trips across Portage Glacier to 
Portage Valley. In 1915 S. R. Capps "studied and mapped the 
geologic formations in a triangular area bordered by Turnagain and 
Knik Arm and including as its southern apex the m a  covered in this 
report. fn several other nearby arew geologic studim have been 
made: a11 of which point to the exisknce af an extensive series of 
metamorphomd sediments, chiefly ~rgil l i te  and graywacke, which 

. extends from Turnagain Arm southward into the Kenai Peninsula 
and northeastward into the Prince William Sound region. 

I Mmdmhell, W. C., A re-r% from IEemrreotim Bay to the T- River, Alapka, in 183% 
U. E. Chol. 8rmey 20th Ann. Rept., pt. 7, pp. !23&&0, IQW. 

* Gagp, s. R., Tha Turnsgaln-gnfk won:  U. 8. awl. R m y  BuU 642, pp. 14T-l94,1016. 
1 Grant, U. B., and HiBglm, D. F., Remmahmo~ of the gmlogg and m h m 1  r % s m  of Prtnm William 

Bourrd. Alaska: U. 8. Qml. B w e y  Bull, 443, pp. P-a, UlO. Martin. 0. C., Johnmn, B. L., and QM4 
U. 8., Qmlm md mineral resourm or Kmai Pminaula, Akwh: U. 6. Owl. B w v % ~  BOIL E67, pp. lla-2o8. 
1915. Park, C. F,, Jr.. The G l r d w d  district, A& U. 8 .  Qwl. S m e y  Bull. M, pp. W-422, 1- 
Tu&, R~lpb,  The Moose -Hope district, F'mhds, A l w k  U. 8.  h l .  &rwy Bull. LW-1, 
pp. 4 w 2 7 ,  IM. 
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No detded topographic map has bean made of the area around 
Portage Paw, although in 1913 C. E. Gif f i  made a topographic 
reconnaissance of the Portage Glacier region, including the ~ e a  de- 
scribed in this report. In 1914 engineers of the Maskan Engineering 
Commission made a detailed topographic mag of the deltas and val- 
ley bottoms along khe route of a proposed  ailr road from Passage 
Canal. to Turnagain Arm but did not map the  mountain slopes north 
of Portage Glacier. 

PRESENT ZBPEBTIQA'MON 

The present investigation was made by the Alaska Railroad, with 
the cooperation of the Geological Survey, for the primary puspoee of 
determining the feasibility of constructing a railroad to connect the 
present line at the head of Turnagain Axm with tidewater at the 
head of Passage Canal. The principd objectives of the study were 
to determine not onIy the pmbabIe effect of nearby glaciers and glacial 
streams on the operation axld maintenance of the proposed railroad* 
but dso the general character and structure of rocks that would be 
encountered in tunnels and cuts along the route. 
To accomplish these objectives the writer and two assistanb, and an 

engineering party from the A I d a  Railroad in charge of Porter Berry- 
hill, left Anchorage on July 6, 1939, trading by tmin to Sewad and 
by steamar to Valdw, where a gas b o ~ t  was engaged to take the party, 
equipment, and supplies to the head of Passage Canal. This poine 
was reached on July 8, md field work was carried on horn a camp at 
tha head of the bay until August 19, when the entire party returned 
by the same route to Portage station, on the Alaska Railroad at the 
head d Turnagain Arm, mrl moved the camp by motorboat and back 
paclung to a point aboit 6 miles up Portage Vdey,  near the foot of 
Portage Glacier. Field work was continued from this camp und 
September 20. 

The area was mapped geoIogicdy on n scale of 400 feet to 1 inch. 
No suitable topographic base map of the entire area was avdable, 
but a contour map on the above scde, made in 1914 by W. C .  Guerin 
and R. J. Weir, of the Alaskan Engineering Commission, wl~ich 
showed the topography of the d e l t ~  and stream vdeys, was used as 
a b ~ s a  for the areas covered and as a starting point for the geologic 
mapping of the adjacent and intervening mountain slopes. These 
dopes were mapped by cornp,ms traverses and tied in t o  numerous 
control points established by triangulation and stadia. 

The geology of this area as it beam on the problems of construction 
of the proposed railroad was discussed in an unpublished report sub- 
mitted to the generd manager of the Almka Railmad. The present 

O h ,  C. E., In B-, A. H., md o t b ,  mineral- ol A l ~ b ,  3918: U, E. Qeol. Borvey Bnll. 
m, p. m, PI. a, lsta 



report is intended to give, in a'form as complete as pomible from the 
results of the fidd work on the above problems, a description of the 
general geology and geography of an ares that heretofom has received 
only passing notice from g ~ 0 1 0 ~ ~ .  The sngineekg aspects are 
briefly .outlined in a final surnmq. 

GEOGRAPHY 

DBblJPAC)% 

The greater part of the drainage of the highland area considered ia 
this report is to the west by way of th0 main lobe of Portage Glacier 
and Placer Creek, both of which discharge iato Portage Lake, a body 
of water more thm a mile long, 3,000 feet wide, and 400 feet jn 
m&um depth, formed by recession and disinhgration of the 
glacier front. From the outlet of the lake Portage Creek flows north- 
westward about 7 miles through a mile-wide, gravel-floored vdey t o  
empty into the head of Turnagain Arm. It is a moderahly swift 
strram, falling about 100 feot in its 7-mile length, and baa only a. 
slightly braid4 channel. Except during low stageel it ia navigable 
by small powor boats to its source in Portws Luke. Although it . 
~ R B  tho high turbidity characteristic of glracid streams in this region, 
Portnge Creek now carries mmparativ~ly little sediment, as dl 
but the finest particles brought down by Placer Creek and Portage 
Glacier settle out in Portage Lake. The chmnel of Portsge Creek is 
conseqaently exceptionay free from. sand and gravel ham, its bed 
consisting mainly of cobbles and boulders inherited from an earlier 
stage in ita history. 

Placer Creek, whose principal source is a number of mall glmiem 
that rim the head of its valley north of the area discussed in this 
report, is a typicdly braided glacial stream in its upper reaches, 
consisting of a network of many interlacing channel!le flowing over a 
broad, gent1 y southward-sloping, outwash plain. Nem thc, n o r t h  
boundargr of the mapped ares, however, the many braided channole 
aU awing abruptly to the west side of the v d e y  and unitc in a ~ingle 
stream, which feUows that side of the vdey to iB mouth at Portage 
Lake. This sudden change in the channel pattern is due to  the 
existence, in the lower half mile of the valley, of another outwmh 
plain that slop- up the v d e y  northward from the belt of moraine 
that  extend^ mmpletely across the mouth to the channel of Placer 
Creek on the w e ~ t  side. The moraine and north-sloping outwash 
plain were both developed by Portage Glacier in a former, mom 
advanced s t q e .  The water of Placer Creek is generally only dightly 
turbid, although a mall delta that the creek is building into the lake 
showa that some sand and fine gravel are being carried. 

A smd1 part of tho drrrinage fron~ Portage Glacier and all the drain- 
sge from the area east of Portnge Pass flow into Passage Cmd. All 
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tbe streams are short, only the one from tibe emtern lobe of Portage 
Glacier e x c e d i  a mile in Icngth, hut they attain ~d ic i ent  volume 
after warm or rainy periods to bo difficult to cross on foot. 

The flow of all the  stream^ in this vicinity is highly ~ariabIe, ranging 
widely with changes in daily temperature and rainfall. None of the 
streams appess to be actively &wading their chasnds at present, 
the dominant process, where any noticeable change is evident, bcing 
e n l a m e n t  of channels through thi deltas by both d o w n w d  and 
lateral cutting. Some w a d a t i o n  is occurring near the outer margin 
of the delta at the head of Passage Canal, where the gradient is 
lessened, but farther up their courses the same streams aro degrarling. 

TOPOGRAPHY 

The topography in the vicinity of Portrrge Pass is that of steep, 
rugged mountains that have been greatly modifid by glaciation. The 
slopes of the two shoulders north of Portago Glacier have avorage 
inclinstiaos of more than 30' and in broad view appear ~rnooth and 
rounded. h detail, howerer, they are broken by numerous nearly 
verticd d8s  and, pmticuIarly on t.he.mutlt and anat slopes of the 
east ridge, berein called Portago Shoulder, by a succeesion of rock 
g r ~ o v m  and benches of considerable size, carvod by glacior action. 
(See pls. 14, A, 15,) The south dopes of both shoulders have been , 
oversteapenmi at their bases by Portnge Glncier. Portage Shoulder, 
which is the main divido, ha8 a comparatively flat summit, which is 
about 2,000 feet wide from eaat to wcst and slopm gentIy southward 
to the ewqrnent overlooking Portagn Glacier. 

The area studied in dctail rangcls in altitude fmm sea level at 
Passage Cand to about 3,000 fnet on t h ~  summit of Portage Shoulder. 
The ridge west of Placer Valley, which has been called Turnagain 
Shodder (see pl, 14, B) , is a. spur descending southward from a general 
elevation of about 3,000 foet but ia only about 1,500 feet in elevation 
at the north edgo of the aroa mapped. Craggy peakg k t  kho porth and 
south of the Pos t~ge  Pam depression reach elevations of mare than 
4,000 feet. The uppar Pirnit of glnciation, judging from the topography 
and the presenco of striated and palish4 rock surfaces, was at least 
3,000 foet above sea levol. Perched morainal material, probably a 
Iaterd moraine of Lcarnard Glacicr, lies a t  an ~ le~at i0n  of 3,500 feat 
or mare near the top of the slope west of the glmier. (See pl. 20, 3.1 

Portage and Placer Creek flow through broad but steep-sided, 
gr~vel-floored, typically aggroded glacial vallays. (See pl. 14, R.) 
Streams in the eastern part of the area pass immediately from the 
steep mountain slopes onto extensive ddbas at the head and on the 
south ~ i d e  of Passage c&I. Whittier D e b ,  on the south side of 
the bay, has the shape of a nearly symmetrical fm with a fairly uni- 
form seaward slope of about 165 feet to the mile. The delta at the 

47516242---2 



head of Passage Gasal, apparently built np jointly by eastward 
draining from Portage Pass and by drainage from h m a r d  Glacier, 
has a seaward slope wing from about 130 feet per mile in t.he 
muthem part tO more than 300 feet per d e  dong it4 north edge. 
The northern hdf of this delta has been overridden by h r n n r d  
Glacier and left c o v e 4  wit.h irregular piles and ridges of angular 
blocks of slate and gray-wacke. These ridges include an outer, more 
or la= mntinuous tarmipal moraine about 15 feet high that loops 
around the momind &are in in a m i c i d e ,  md an inner, less contint- 
ous and more irregular moraine that is roughly parallel ta the fiwt 
and 400 to 600 feet closer to the mouth of the canyon from which 
Learnad Glacier deployed onto the delta. 

QLIM ATE 

Portage Pam lie9 in the comb1 rain beIt, but its position with 
d a t i o n  to high mountains probably gives it a climate that is inter- 
mediate between that of the open mast and that of the mastd 
mountains. Detailed dhatologicaZ data for this immediate a m  are 
available only for the year .ending July 22, 1940, during which a 
cooperative Weathex Bureau station was maintained by the Alaaka 
Railroad at the head of Passage Canal. The climatic record for this 
period is gummarked in the bollowhg table: 

MomtMy and an~rval tmtpWatt6~88 a d  prm'pitaiion at I& kd of Pasmgs Canam 
far ths year e n d i t ~ g  July  $9, 1940 

I w ................................. Jmaary 30.1 
February ................................ a0.9 
Mnrrh ................................... 28.6 .................................. At~rll.. 4R 9 
May ................................... 45. 2 
Junr ..................................... 6 2  1 
July'  .................................... t h . 7  

67 July B... S9, J a g  EL-. C 79 
~2'~ng.l6-.41,kug.11.. :M.W 
62' 6~pt .  7... &3 .Sept. 16.- 18.36 
53' Oct. 3 .... 21: Oct. 11.- 13.S 
42: \r A 0 .  - I x o ~ .  1 .  1G. 33 

... 43, Dee. a_. 11, Dec.3 32 k3 

l a w  
8 9 5  ' 

11.45 
17.25 
11.56 
8 W  
4 8 1  

At the haad of Passsge Cmal in the 414ay period from July 9 to 
August 18, 1939,32 days were rainy, 5 dajs cloudy, and 4 days dew. 
On the west side of Portage Pass in the 29-day period from August 
24 to September 21, 1939, 15 &g% were, rainy, 7 days cloudy, and 7 
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dstp clear. However, the summer of 1939 was an exceptionally wet 
season in all parts of muth-central Alaska, so the above 6gures are 
not warded as truly representative. Survey parties of the Alaskan 
Enegismering Commission reported much rain in the Portngs Pass &ma 
in the summer of 1914. 

The nemest pointa at which systematic climatic records hwe been 
kept over a period of yeam are Seward, on Resurrection Bay, 50 miles 
south; Latouche, on Latouche Island, 60 miles southeast; Prince 
William Sound; md Valdez and Cordova, on the opposite side of 
Prince William Sound, 80 and 100 miles to  the east!, respectively. 
A summary of climatoIogica1 data gathered at these four points by 
the United States Weather Bureau is given below. 

Summary o j  climatological data for atations in a o t a l h - m a 6  Alaska 
- 

'Tomdotlasa 
*Toend ol1m. 
a T o  end of 1837. 

VEGETATION 

In general, the deltas and v d o y  bottoma are covered with thickets 
of alder, mthnwood, and poplar, and the Iower parts of the adjacent 
mountain slopes support a scattered growth of spruce and hemlock. 
Higher up, the slopes me bare of all vegetation except low shrubs 
and occasional clumps of scrub ddep,  and even these ma Imking 
above an elevation of &out 2,000 feet. Some large spruce trees grow 
along the outm edge of Whittier Delta md on a few law Knolls on the 
south side af the bayhead delta, Scattered spruce and h d o c k  are 
dm interspersed with alders and s m d e r  brush that clothe the dope 
south of Passage Canal between Whittier Ddta and Portage Pass 
to m elevation. of several hundred feet. SmalI patclies of heavy 
~pmae timber occur on tohe lower part of the wost dope of Portage 
Shoulder and on the southeast nose of Turnagain Shoulder. 
' Cltrn~~~lopics l  data, M ~ k a  &ion, U. 8. Westher Burmu. 
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B O m B  AMD TEE- 

The eastern approach to Portage Pass is readily &bIe Oo deep- 
- w a r  vessels by way of Passage Cand. It wm possible as late MI 
1914 to cross from Passage C'and through Portage Pass to Portage 
Valley by way of a trail over Portage Gl~cier, but by 1939 rece~sion 
and ablation of the glacier had made tllia route impracticable for 
summer travel. Because of tha numemus 1arg.e crevwes and serar: 
ice on the eurface of the glacier and the unscalable cliffs, the 1939 
party found it necessary to climb 3,000 feet to the summit of P a w  
Shoulder to crow fmm Parrsage CanaI to Placer Cmek Vdey. 
Tho westesn part of the pass area can be easily reached, except dur- 

ing extreme high water, by about 6 milea of trd up P o w  Creek 
V d e y  from the railroad at Portage station. Placer Creek T'dey can 
be reached from the west eieither by m y  of a foot trail that climbs 
to s, height of about 1,000 feat over the ridge of Turnagain Shoulder 
or by boat across Portage Lake. 

Large game animals in this area indude mountain goats, moose, 
and black bears. No mountain sheep were seen in 1939, although 
they were rcportd to have been seen near tho foot of Portage Glacier 
saveral yarn previously. Goats wero Been in considerable nurnbem 
on Portage Shoulder and on the ridges south and southwest of Portage 
Glacier, and moose tracks were ahundan t along Portage Creek. 
Black bears were seen in Portage and Placer Valleys. 

Of the smaller animds, beavera nppeared to be fairly abundant 
along Portage and Placer C~eek, and marmots worn numerous at the 
east end of Portage Pass. Rabbits apparently werc scarce or absent. 

The only g m e  birds noted wore ptarmigan, which wore frequently 
seen at lugher elevations. 

GENERAL GEOLOGY 

The distribukion of rocks in the Portage Pass ares is ahown on 
plate 16. The entire area is ynderlain by a thick aeries of altored 
sediments, consieting of a rather uniform wccession of irregularly 
beddod mudstones and impwo sandstones that have been intensely 
folded, imntortd, faulted, and generally metamorphosed to slate, 
argillite, and graywacko. This series is of somewhat uncertain age, 
but it is known to be at least in part Cretaceous and may be ~ntirelg 
Meeozoio.' 

Intrusive igneous mcks are rare in this vicinity, the only known . 
occurreaces bcbg five midic dikes near the head of Passage Canal 

O s p p ,  8. R., Q w l ~  d the A h b  FMbmd r&m: W- 8. W L  8nnw galL KC?, p. BB. 1W. 
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and a small basic dike on the wwt dope of Portage Shoulder, but 
4 quartz nesh, seame, and stringem are of widespread occurrence 
and are perkicularly abundant in certsin zones. KO eruptive racks 
were a o t d  in this area, although beds md lenses of greenstone a& 
rather Gornmon in the greywackrssIate series in neighboring areas. 

The only other formations exposed in thia vicinity are  unconsolidated 
Quaternary deposits, which include glacial sand and gravel on dl the 
valley Boom rtnd deltas and coarse, angular morainic material below 
Portage and h m a r d  Glaciers, . 

Imegularly bedded rmka, consisting principdy of graywacke, date, 
and srgillite but possibly including occaeional smdl Ienses of lime- 
stone and cowlomerato, are exposed over the entire area except where 
cavered by Pleistocene and Recont deposits. The individual beds 
range in thickness from a fraction of an inch to I00 feet or more, 
dthough the graywacko beds are commonly 1 to 4 feet thick and 
those of the slate and argillito 2 tu 6 inches thick, The series as a 
whole is charaicterized by an absunce of recognizable key beds and by 
a lack of persistency in individud beds. A canspicuous graywacke 
bed in a given locality invariably pinches out or grades into slate or 
afgfite within a few hundred iect. No attsmpt was made ta map 
graywwke, slate, and argiltite separately, although a few fairly dis- 
tinct zones or areaa mnaisting prdominantly of a single rock type 
were seen in the field. 

ORAYarACgp: 

The g r a ~ w k e  i a h e -  to medium-graincd mck, ranging from 
medium to dark p y ,  that ia composed principally of quartz, feld- 
spar, and graphitic material. At many ~IILC:W in tho area the gray- 
wacke includes abundant angular frappenta of slate or argillite i ta 
2 millimeters in diameter. Epidotc, chlorite, and iron oxide were 
found iu seved thin sections, but original femaguesian minerals 
are generally lacking. Minutc crystals of apatite and occasional 
small grab of titanite are fairly common constituents. 

Quartz and feldspar occur as semirounded to angular grains, 0.2 
ta 0.5 millimeter in diameter, thickly mattered in a finer matrix of 
quartz, feldspar, sericite, kaolin, and chlorite, The feldspar is mainly 
albite, possibly eligoelase in s few thin esctions, and generally 
shows considerable %Iteration .to sericite. Much of the calcite occurs 
as scattered grains or as thin streak or layen parallel. to the bedding 
end is probably syngenetic, but tho occumence of both ma~rascopic 
and micmscopic veinlob in a fow specimens suggests that at Ieast 
part of the calcite has been introduced. 
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Ih all exposures the pywacke is more or less thoroughly recrystrtl- 
lized so that little of its original sedinientmy texture rem&i.ins. Al- 
though commonly massive it is locally foliated, the faint to distinct 
clearwe being especially evident under the microscope from the 
parallcl linear m m e s  and wisps of opaque graphitic material. Some 
of the quartz and f~ldsper in such rocks occurs in lenses paralbl to 
the graphitic strsaks. Granulated quartz aggregatm with sutured 
eont,ncta and deformed feldspar twinning bands noted in several thin 
sections indicate considerable crushing and distortion. 

B u m  AND A R O X l r T r n  

The slats and argillite, distinguished from each other only by the 
presence or absence of daty cleavage, are typically very fme grained 
and are dark gray to nearly black in fresh exposures but woather to 
light gray or brown. However, all gradations from dame argillite 
to coarse graywncke exist, the transition cornmanly occurring within 
a short distance along tho strike of a mingle bed. 

Tho finesmined rocks are cornposod of essentially the same minerals 
as toha grtaywacke but contain a considerably higher proportion of 
claycy and graphitic material. The rnicrocrgstalline gromhass, 
consisting dominantly of clay, sericite, chlorite, and graphitic material, 
encloaes numerous quartz and feldspar grains 0.03 to 0.05 millimeter 
in diameter, and many parallcl lenticular mamas and wisps of opaque 
graphitic material. Iron oxide, in reddish-brown grains and yellow- 
stained areas, wes noted in a11 thin ecct,ions, and more or less calcite in 
dissuminnkd 'grain8 is commonly prmmt. Some beds are highly cal- 
careous, but none of those observed would be classed as limestone. 

Nearly dl the exposurea of thc avilli te and somc of tho slate display 
a distinct color brtnding, in which dark-gray bands rich in graphitic 
rnat,~rid alternate with light~r gray bands relatively bmc from dark 
minerals. Thesc bands, which range in width from thin wisps a 
frwtion of an inch wide to definite bands scveral inches wide and 
*raceable for many feet along tile atrike, unqumtionablp mark the 
original bedding, but at many places the layers are highly contorted, 
crenulated, and offset along tiny faults. Despite these minor irregu- 
larities, however, these bands show a fairly constant atrike and dip 
over large areas. Proof t,hat. the handing in these rwks is a primary 
st.mcture, unrelated to the secondary cleavage, was found in a thin 
smtion of banded argjllite, in which the cleavage shown by orknted 
p i n s  was at an angle of about 60' to the alternating graphite-rich 
and graphite-poor bands. 

The graywacka generally is the more competent rock na c.ompared 
with khe slate and argillite. Very commonly massive, unfoliated 
beds of this rock alternate with beds of highly sheared, fimile slate, 
and st a few places quartz veins following joints in graywacks were 
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seen to end abruptly at the contact of a thick slate bed. Appmnt 
exceptions to the rule were noted on the west dope of Portage Shod- 
der, where st several point8 a rock that appears to be a 'breccia made 
up of Fenticdar to subnnguIar fragments of black a d I i t e  in a matrix 
of lighter-colored graywwke is exposed in, zonm and hegdar  areas 
aeverq feet wide. (See pl. 17, A.) The e l i t e  fragments m g e  
from 1 inah to 6 inches in length and have sharp contacts wit.h the 
endosing graywacke. At the largest exposure, on a sloping glwiatad 
surface, the  fragment^ show a general orientation of about h'. 20° E. 
whereas the strike of beds in the vicinity is K. 80' E. The pywacke 
appears to have yielded pl~stically and engdfed angular fragments of 
argilIite, rounding their corners somewhat in the pmceas. 

Conglomerate and limmtone, which have been described as occur- 
ring commonly, although in small praportion, in the gra;vwtu?ke-sIste 
seriw in neighboring areaa, are apparently rare or absent in r he vieini ty 
of Portage Pms, Conglomerate was observed in this area only am 
masiontal water-worn boulders en the gravel plajn below barnard 
Glacier. These boulden are 6 to 8 inches in diameter m d  consist of 
rounded pebbles of graywmke and arpiMte, generally less than 1. 
inch in diameter, set in a coarse sandy matrix that woathcrs to B 

rusty gray. No outcrops or angular blocks of this rock were seen in 
the entire area. The position of the conglomerate boulders indic~tes 
that they came from a source So the north of Portage Pass, in the 
catchment area of Learnard Glacier. 

No rocks that would be clasqed as limestone wore found in this 
m a ,  but occasional ,beds of slate, ragilli to, and graywacke contain 
considernbIe calcite. The mosl limy socks occur near the summit of 
the east slope of Portage Shoulder, where certain beds of graywa,cka 
a d  sxgillite are suffi~ient~ly calcnreous to effervesce with dilute ecid. 
Even t h ~  slightly limp rocks are easily identified in the field by the 
etched and rounded solution surfaces. 

The sedimentary origin of the flywmke-slate series is evident 
from the composition, texbure, rtad bedded character of the various 
m~mbers. Tile beds were deposited as an irsegular succession of 
clays, impure swds, and perhaps some gravels. The sediments at 
times included considerable calcium carbonate but never enough to 
produce typical limostone. The irregular bedding and occasiond 
ripple-marked bedding RU rfaces are proof of t.he shalIow-water origin 
of the series. Tuck has suggested that the great thickness of alter- 

r Tuck, Ralph, The M o m  P e R o g e  district, Xmal  PanInds, dl&: D. T.. M t .  tkwey B d ,  - 
P. IT% 1m. 
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nating slates and graymckes was deposited in rhythmic cycIes in as 
bkrmittmtly but progressively sinking ahtallow basin. 

No new infomation on the age of the graywacke-sl~te series of the 
Eexlai-Chugach Range was found in the Portage Pqss m a .  It ie 
concluded, on the basis of lithologic eirnilarity and continuity, that 
the rocks in this area belong to the snma generd period of deposition 
ae those in the Girdwood district, in which Cretaceous fossdsils h v e  
been found. Cappa,$ in summarizing available information on the 
age and codation of thew mcks, states: 

As origh1Iy desaribed by Mendenhall t h w  mcks w m  tentatitively stlsi,gn& 
to the upper Paleozoio. More recently f ossila have been found in tbis group thah 
showed a part of It, at least, t o  be of Crebcmus age. 
In the Girdwood dismct of Turnagain Arm, Park made s e v d  fwil mllec- 

ticins, all of the aame organism, that were identified as of Cretaceous, probably 
Upper Cretacmus age. Furthermore, it is now known that at l d  za large part 
of the elates and graywackes of the Chugacb Mountains and Kenai Peninsula are 
younger than the Jurmhc volcanic rocks and older than the Eoeane wal-bearing 
beddl of the Matanuska Valley and western Kenai Peninsula. N o  unqu~tioned 
Paleozoic fmils have bwn found anywhere in thia great series of sedimentary 
roaka. It ia true that fmils of any kind are rare, but such as have been found 
invariably point to B Mesozoic age, and as paleontologic evidence hias accumu- 
lated, the areas of thew. rock that might be claasised as Paleozoia have shrunk. 
h the poaifive evidence so far obtained points to a Mesozoic age for the s h b ,  
&lEtw, graywack~, and greenstonem of Kenai Peninsula and the Chupch. 
Mountains, and as no unquestioned evidence of their Paleozoic age b been found, 
these rock are mapped * * * as of undifferentiated Meaoxoic age. 

The structure of the graywacka-slate series ia not only complex 
but dso exceedingly dificult to decipher because of the lithologic 
uniformity of the series as a whole, the lack of continuity of single 
lithologic units, and the absence of any distinctive strata, that would 
serve as reference beds in wmk'ig out detaila of structure. Ccinm- 
quently, little success haa attended attempts to interpret the detailed 
kructure and estimate the thicknew of the series. 

The beds exposed in the Portage Pass area correspand closely with 
published descriptions of the same seriea in nearby localities, excepb 
that the slates and graywackm in this area, which ]lie directly across 
the maim axis of the Ken~i-Chugach Range, appear in general ta be 
somewhat more intemely deformed and recrystallized than those in 
areas farther west, away from the orogmic &. The following 
general dewription by Capps of the structure of the slates and 
pywtw:kes of the Henai-Chugach Mountains as a whole applies with 
equal accuracy to the principal features of the structure in the Portage 
. Pma area. 

Capps, 5. R., op. p. 68. 
1 Capps. 8. R., op. dt., PP. 5e68. 





GEOLOGICAL SURVEY RIlLLETIN 926 PLATE IS 

aa*mcn 'iWp"er 

., , 

W '  ,.,. . . .. .. . , -, . . . + ,  ' .  . 
. . .:p. , .' -, . . 

4 -. 

+ .  . -  
. - .  

I . .i .."& .-..... .. '.;. , ? ,  : -- - 
. . "  ;-,-.-. J :,:..! 

.: ,*,. . , L .  a> !----?* 
- ..I .< .: . I  ' 

, , .... 
, I  . , -:.,, - ., .% .. .. . ,.. . ~ * : 

SO[. ' l ' l l  Sl.l>l'V; 111: PI-11;-I' \ ( ; I : ,  %ll(,ll J + J l l : R ,  

D i ~ i d c  Lnkc and part ar I'nrlrrsc (;lraa.ier ill iurapruund. 



QEOLOGT OF THE WRTAQE PASS -A, ALASKA 223 

Throughout the area i11 wMd1 they occur the slat= and graywackm are highly 
tilted and folded, Imliy with intricate contortion snd crumpling. In general, 
hewevet, the beds stand at steep a n ~ l w  and strike pmIleI to the axis of the rsngc. 
Over long distsnca the be@ dip at angles of &OO to BOO, with no direct evidence of 
duplication by faulting or folding, hut hen! and there in evidence that close Fold- 
ing bas o c o u d ,  and there are many faults of unknosrn dimlacement. 

The rocks throughout most of thr awn show n general terid~acg to 
strike northea~t~ward, roughly pnmll~l tcl th(l mountain axis, tand dip 
6 5 O  to  90' northwest. In tl few places, howevcr, variations from 
thc gcnrcd tr~nd outline mmy smdl folds and a few large ones. 
In other places intmse deformation ~ 1 d  mclamorphism have eom- 
pletely obliterated tItp bedding, commonly by Ihr alperposition of 
foliation or slaty clcavtlgc. St?vrral small northr~st-trending fwlts 
nnd shear zonw WPW swn. 
b FOLDS 

Variations in strikc and dip that tappear to outlino steerply pitching 
major folds occur near the foot of the s0ut.h slope and on tho summit 
of Portage Shoulder, also along thr nort.hwest whore of Portage Lake at 
the baae of Turnagain ShouZdcr. At both points on Portago Shoulder 
the structure appenrs to bc tlv shnrply folded, n d y  angular trough 
of mopen~ynclinepitchingG0~ to 7S0 north or northotist, The fold 
on the west slope is the b e t  e x p o s ~ i  and is probably typical of the 
major folding in the vicinity. Thrre a series of essentirtIly verticnl 
bds of grayw~ke sod some date trends southwestw~d down tho 
slope. (See pl. 21, B.) About halfway down, those bccls begin to 
swing around toward a wrst strike and a steep north dip. The in- 
tensity of the curvature of this doldir~g incr~tlses toward the no~th, 
fmm 8 broad, open fold c.xt,mcling d o n  thc southwest spur of tho 
mountain ta an abrupt, ahnost angular bold npnr thn head of the larg- 
est gorge on t h e  west slopta, where southwmt-Lrmding vertical beds 
swing around sharply willrin a few feet k a norbIiwmt strikc and a 
northeast dip of a b u t  75". At the point of this fold the brih show 
cvidcnco of int~msc squeezing, shearing, and flowa~c in the form of 
conhded, off~et,  and pinchcd+ut bedding and arc all pcnetratd by. 
numerous irregular quartz veins and stringers, 

The structure on Turnagain Shoulder is apparentlv an anticline, 
likewise pitching steeply north or northeast. At one point &he thin- 
M d d  argillite and g m ~ a c l t e ,  dipping 60° to vertical, swing mund 
from s strrke of N. 80" E. to N. 15" W. within 6M) feet. 

None of these folds could be tracrrl far, the space between thorn 
being occupied by apparently unfold&, matial ly  verticaI beds 
following the general northeast r~gionnl trend, or by areas of crumplthd 
or foliated slatt! and graywacke In which the b~dding is sither entircly 
oMiteratod or so highly contorkrl as to b~ unrecognizable. Possible 
extemsions of s o m ~  folds are lost b~neath Portng~ Glacier md the 
Quaternary deposits in Portage and Placer V*, 

418112- 
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It is generally essumed ,that the tremenaous apparent thicknass of 
the aslate-gaywtwka seri~a in the Kenai Peninsnla and Prince William 
Sound region ig in larffc part due to rqetition of beds by imclinal 
fo ld i i .  Such folds have been reported as of 'common uccumcnnce in 
the Moose Pass-Hope district.lQ In the Portage Pass area no isodinal 
folding was definitely recognized. The major structure appear~d 
to be steeply pitching open folds, rn in none of them codd the strike 
bd traced m w d  an arc of more thnn 98' to 100' before being lost. 
However, the presence of broad b ~ l t ~ a  of nortbewt-trending h ~ d ~  on 
dl sides of t.he folded are- make i t  appear highly probable that the 
foIded beds, bsd they not lost their identity in the intervening crum- 
pled and foliated ~mks,  would be continuous with the nort.h=t- 
trending beds as a series of large-scal~ steeply norbheast-pitch& 
isoclinal folds. Such a series of folds would accuunt for considerabh 
repetition of b d s  in the area. No cIuea as to the major structur~s 
could be obtained from drag folds, which, ~ x c e p t  for a few poorly 
c!cveloped crenulations, are absent. 

A moat perplexing feature of the structurc at this area is the presence, 
in close association wit.h vhical beds and steeply pitching major 
fold8, of smaller folds with only moderate dips and ncrrrly horizontal 
axes. One such fold, a northeast-trending anticline with dips on the 
l i m b  of ss little as. 25' and a slight pikh to thc northeast, is on the 
west dope of Portage Shodder, apparently on or near the axis of the 
large nartheasbplunging syncline described above. A ssmnd small 
northemt-trending anticline, with h b s  dipping about 35' end a 
northeast pikh of 5O, is well exposed in the midst of an arca of skcply 
dipping to vertical strata along the summit of the east dopc of Portage 
Shoulder. Traced nort heas tward this fold apparenbly steepens in 
pitch to about .50° to conform with the ssteep dips on each ~ i d c .  

Southwest of tho fold on the summit of Portage Shoulder, thin- 
beddd- slate and pywacke,  exposed here and them through &e 
snow field that lies on Ute gentle slope, show strikea var~ring irregularly 
from northeast to northwest and dips ranging from 35" to vertical. 
The whole mass givee the general impreasion of having been lsqueezod 
and kneaded until all lrncc of orderly m e m e n t  dong fold axes 
was lost, 

Foldixlg and deformation h u g h o n t  the Portage Pags area was 
accompanied by much dipping and ahparing along bedding planea, as 
shown by the common occurrence of slickenside surfaces along these 
planea. 

OUAYAat  

Rock cleavage and foliation are of widespread occup~e~ce in the 
mkA of the Portage Pass area. The slat- have a distinct cleavtrge 
h t  at different points would be described as hility, foliat-ion; or, 

Ttlek, Rdph, op. dt- p IBC ., .-. . 



. d y ,  &tosity. , In evpn tho mmt fissEle rocks, however, the 
cleavage is not of t.he quality associatcd with roofing slates. Where 
the rpcks have undcrgonc exc~pt.iona1 stress the c)eavage planes are 
irregular and undulating, giving the rock a foliated or schistose 
parting. 

Although the vcks deecribed ns qi l l i t e  display no visible cleavage 
in hand spocimena, thin sections show'at least an incipient cleavage 
marked by oriented strcaks of graphitic materid, blades of aericite, 
and lenses of quartz and feldspar. 

The grtlywacke, though g~nsrrrlly massive, haa in many places a poor 
to distinct cleavage or foliation along which the rocks part more or 
lese readily into thin platcs or lenspa. This cleavage or foliation does 
not hear a d~fini to rclation to the beddiw. The two are essentially 
pmUel ovor large areaa, p~~rticularly where the bed* follows the 
northenat regional trend, hut viherever the bedding ohmges in strike 
the cleavage, which rarely vbas  fmm a northeast strike and a more 
or Im ~wtica1 dip, gonerally cuts scm the atratification at angles 
of as much as 90". The gennral relation is well shown in &he large fold 
on the south slope of Portage Shoulder. On the ewt aide of the fold, 
where the bods trend about N. 60" E. and dip steeply northwest, the 
eleavago r,los~ly follows the beddig.; but farther west the aame beds 
swing around to an eaa t strike and a dip of about 50' north, and the 
cleevage, which here strikes north t o  northwt and is essentially 
vertical, cuts across the bedding at a wide angle. 

Joints are common in the thicker graywack0 beds, less so in the 
thinner beds, snd race but not entirely absent in the slate. As many 
ae three distinct sets of joints were noted in single exposures, one set 
generally following the bedding. In some of the thicker g r a y w d e  
beds the bedding joints could be traced for several. hrlndred feet, but 
in other bads the joints in general were poorly devaloped and of limited 
extant. Although the joints occur with various orientations m d  do 
not appear to be related to any definite pattern over large areas, verti- 
cal joints with north to nort.hwest strikes are by far the most common. 
Many of the n0rt.h-stdmg joink have been followed by quarts 
veinlet& 

FAULTS 

No large faults of regional extent were recognized in the Portage 
Pass a m ,  but several mall ftlults and shear zones, all with a general 
northeast trend p m e l  to the regional structure, were noted in various 
parta of the me%. AII thwe appeared to be of small displacement, the 
durn being about 10 feet, and they either died out within short 
dietmas or were lost beneath tdus or snow. Most of these small 
faults w m  apparent only from the offset bedding, the fault plane 



iWf being in'PIibZe, ma they were obviously contamporaneoue with 
or older thm the deep+eatad deformation end motamorphim that 
characterizes these rocks. Two faults mapped on the soutl~ slope 
of Porhge Shoulder may be much younger, sa thoy are marked by disl 
tinct open fractures, we of these is a simple fracture along which the 
drag and offset of the bedding indicate that the northwest aide moved 
about 4 feet northeast in the pIane of the outcrop. The aemnd fault, 
about 70 feet north of the first, appears in part of its length as an open 
fmcture and in part as a sheared and shattered zone about 4 feet wide. 
The drag indicates that the northwest side of this fault dso moved 
northeast, but the mount of displacement could not be determined. 
The fault was t rmd far 500 feet and disappeared under talus and mil 
a t  both ends. 
In addition ta faults with mewmbIe dhplwarnent, numerous 

narrow zones were observed that were marked by sheared and 
shattered rock in which movement wrts evident ody from polimhed 
and grooved slickenside sur fme;  in these, owing to lack of dis thctive 
bedding planes, the amount of disp1acement could not be determined. 
Several prominent fracturee and fissures were seen in the h a m i b l e  
cliiTs that border the no& edge of Portage Glacier. These may mark 
faults of considerable displacement, but no evidence of them was 
found on the slope to the north. The bluffs at the foot of Turnagain 
Shoulder opposite the mouth of Plmr Creek are cut by s e v d  verti- 
cal or steeply dipping &urea that extsnd up the face of the cliff and 
appear to str ike north or northwest. Polished and p o v e d  slicken- 
side surfaces dong mrne of these fissurea indicate movement, but, as 
the rock is identical on both sides of each fissure and the fissures 
apparentIy die out a short distance up the slope, the amomt of 
movemat apparendy wag not great. 

The f e a t m  described in f i t h e  preceding paqpphs am the more 
conspicuous ePidsnces of the strong s t r e w s  that these mks hwe 
undergone. Detailed examinakion of many outcrops showed t.hat. 
much of the adjustment in reaponse to these stmmes wrmmed on a 
much smder scale throughout the rock mass. Widespread indications 
of slip pin^ dong bedding planes have already been mentioned. In 
addition, many ixqmsures of the mom inknselp deformed, highly 
foliated rock show numerous minute shear planes or slickenside 
surfaces between individual loha. 

The general lithologic unidormiQ and the irregular bedding of the 
dates m d  graJrk.ackes make the detection of faults exceedingly difficult 
except under the most favorable conditions; consequently, it is poa- 
ible that many existing faults, perhaps mme of major proportions 
were not demted. On the ot,her hand, the presence of numerous 
minor faults and shear planes, and particularly the evidence of myriad, 
minor adjustments to stress wikhin the rock rnw, 8-t that most 
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of the d e f  from stresses may have been accompIwhed by these minor 
movemenb rather than by the developrneut of major faulB of regional 
m n t .  The presence of many faults of gmdl displacement is believed 
by Tuck l1 to explain the absence of large fauIts in the dates and 
pywackm of the Mooae Pass-Hope district. 

Tbe only known igneous rocks in this area, &de h r n  the ubiquitous 
q n W  veideta, BTB the five acidic dikes exposed along the south .shore 
af Pssaage C d  rand in Portage Pass, and a small basic dike on the 
weat slope of Portage Shoulder. Possibly more dikes are present, 
particularly of the basic type, but in view of the excellent exposures 
throughout the arm, probably not many were overlaolred. 

Four l i g h ~ l o r e d  dikm, 3 ,4 ,  7, and 100 feet thick, respectively, are 
q m d  in the bluffs dong the south ahore of Paasago Canal weat of 
Whittier Delh, whem they are intruded into a seriea of eltlta and - 

graywach beds, These dikes all et&e northeast and dip kbout 65' 
northwest, approximately pw~llel to the foliation of the enclosing 
rock%. 

The three smaller dikes, whjch are indistinguishable from one another 
megasoopiedy, wnsist of light-gray mrnowh~t altered finegrained 
m k ,  spotted with numerous ct&rk*rscn blades of chlorite. Under the 
microwope they are all of essentially the same composition, the chief 
mmponents being mdesine, qurtrtz, chlorite, and seritite. Accessory 
minerds include calcite, magnetite, and opidote. Two of these dikes 
are porphyritic and are classified as quartz diorite porphpy, but the 
tbird has only rare feldapar plionocpta and much leas quartz and 
comeeponda ta a he-grained diorite. The 100-foot dike, exposed in the 
bluff st the head of P~.wge Cand, diffep8 from the &era both in 
texture and composition, being comer grained, with a average 
grain size af about 1 millimeter, and having mom quartz and a shghtly 
more acidic p l a g i o d ~ ,  probably olipdase. This rock is nonpor- 
phyritic and is classified as quartz diorite. 

A fifth,acidic dike waa traced for 1,500 feat norkheastward &cross 
the mckg. ridge that blocks the east end of Portage Pass. This dike 
h about 7 feet thick and bas a strike of N. 60" E. and a nearly vertical 
dip. The mck, similar in appearance to the dikes on Passagn Canal, 
was found by microscopic oxamination t~ be composed of quartz, 
albite, sericite, calcite, m d  chlorite. It has a hegrained groundmass 
of feld~par and quartz and abundant phenocrysts of albite and some of 
quartz, 0.5 to 1.0 millimeter in diameter. Extensive d teration makes 

.2hok Raloh. oD. dt., DD. 4SwM. 



the original character of this rock unncertrrin, but on the basis of its 
pmaent composition it is claspified as an albite granite porphyry. 

In general, dl these dikes have sharp contach with the encloeing 
mch, al thotlgh one of them includes fmgments of date dong one con- 
tact, and two of them contain thin quartz veins, which have been 
intruded dong one contact. Although no pronounced contact meta- 
morphism was noted along any of them dikes, the paywacke near the 
foot wall of the largest dike is apparently mm~what a t i a e d ,  being 
more than usually dense and without foliation. The rock of'the la-- 
est dike was fractured after solidification, RA shown by a prominent 
set of transverse jointa, several of which contain t.hh quartz veins. 
One Iwge vein, 1 to 2 feet thick, is minerdked, containing numemm 
nesh and mattered gaine of ~ulfida,  mainly arsenopprih. 7 % ~  
vein i4 appmldmately parallel in strike but opposite in dip to the dike, 
dipping about 30' aoutheaet. It bas been exposed for about 100 feet 
dong the strike in a ~ h d l o w  trench. 

Quartz veins, ranging from s fraction of an inch to a e v d  inchm in 
thickness, occur in h@ar nests and interlacing networks and as 
injected lensea and pods between folja and along joints in the date and 
graywacke in all parts of the Portage Pass area. These quartz 
veinleb are particularly abundtant along zones in which the enclosing 
rocks ham undergone exceptionally intense deforkation. To the 
west, on Turnagain Shoulder, they eyre somewhat leas abundant than 
on Portage Shoulder, but this impression may be due at least in part 
to poorer exposures on the western ridge. 

At a, few points quartz injections ware noted dong the planea of 
stad fadts and in gash veins in the drag areas on both sides, and in 
many exposure the quartz veins m d  lenses have undergone the same 
intimate folding and contortion as the encloshg rock. Them rela- 
tions suggest that the introduction of quartz wag in part earlier and in 
part contemporaneeue with the more intense defamation. The moat 
pemis tent veins are those that foIlow northward-trending joint pl anos. 
Few of t,hese veins are mineralized, the only notable example, mide 
from the vein in the large dike described above, being near the foot 
of the south slope of Portage Shoulder. There n n~sty oxidized zone 
&bout 100 feet wide follows a series of parallel northward-trending 
veins, which range in thicknes from 2 inches ta 1 foot, These veins 
contain sulfides, Isrgerly weathered to iron oxide, which has stained 
the enclosing graywacke. It was noted that the veins all end abruptly 
at the contact with an overlying thick bed of slate. 

BABIC D m  

A  mall diabase dike was traced for a few hundred feet h a general 
northeast direction up the head of s deep gorge on the west dopa of 
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Portage Shoulder. This dike, which ranges from 2 feet to a few 
inches in thicknese, is considerably deformed, being offset by minor 
fad@ and pinchea out repeakdly, but it cuts across the major folda 
in the enclosing slate and graywacke. 
In hand specimens this rock ia dark greenish-gray, fine grained and 

quigranular and weathers to a dark brown or tan. Under the micro- 
scope it shows an ophitic texture, with lat,hs of labdorite and inter- 
stitid chlorite and augite. Magnetite and rarely calcite are also pres- 
ent, the latter m i a b d  with chlorite as an a] teratim product after 
augite. 

AGE AX0 CORRF3iATION 

All &at is dehitdy known of the age of these dikes is that they rue 
younger t,hm the slats and graywacke that they intrude, and that 
the basic dike, the largest diorite dikes, and the qumtz veideta, d 
having been somewhat deformed, me older than the latest deformstion 
that the enclosing rocks have undergone. 

As the acidic dike8 in this area are lithologically similar b dikes in 
neighboring areas and bear the samo structurd relations to €he 
p y w a c k d t e  series, they are probably of the aame age, generally 
regarded as lste Cretaceous or post-Cretaceous. 

. me Portqe Pass area was the scene of extensive PIeistocene gla- 
ciation. The ragion was at one time overriden by a, vaat maas of ice 
that buried all but the highest peaks. The ice mass apparently 
flowed both from the south nnd from tho north Coward the P 0 r a 8  
Pass depression, in which it divided, part flowing northeastward tcl 
enlarge and deepen the valley that is now Pwmge Canal, and part 
moving northwestwad down lJortage Valley to Turnagain Arm, 
Glacial striw, polished rock mrfaces, and ice-caned benches md 
mmves were found on Portage and Turnagain Shouldem up to elem- 
tions of about 2,000 feet above sea lovel. Smooth rounded, topography, 
as on the nearly flat summit of Portage Shoulder, suggests that thick 
ice sheeta have overriden areas as much as 3,1100 feet in elevation, 
The pmhed moraine west of Learnad Glacier, estimatad to be nt 
Ieaet 3,500 feet above sea level, pmvw that ice rose to at Ieast. this 
level. 

hveral small glwiers, no doubt remnants of the peterPleiskens 
glaciers, are still to be found in the Portage Pass area. The largwt 
of these is Portage Glacier (see pls. 17, B; 18), which has a catchment 
m a  of ~bot i t  16 square rnilcs and a length of about 6 miles. This 
glacier heads in the Kenai Mountains 5 miles south of Portage Pass 
and axtends northward to the pass, from which this main lobe turns 
abruptly northwestward and extenda along the pass depression 
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toward Turnagain Arm for another mile. A minor lobe, which 
formerly extended a short distance northeastward toward Passage 
Canal, has now almost disappeared. Next in size is Whittier Glacier, 
the frontal lobe of which ends a t  an elevation of about 1,000 feet on 
the mountain side south of Whittier Delta. (See pl. 19.) This 
glacier has a catchment area of about 8 square miles and a maximum 
length of about 4 miles. Learnard Glacier, which ends about 200 
feet above sea level half a mile northwest of the head of Passags 
Canal, descends from the unmapped area of the Chugach Mountains 
north of Portage Pass, and its total extent is not known, but the size 
of its frontal lobe indicates that it is probably even smaller than 
Whittier Glacier. There are a few other smaller glaciers and perma- 
nent snow fields in the ares, as on the east wall of the Portage Glacier 
basis and on the summit and west slope of Portage Shoulder. 

Although published references to the glaciers in this vicinity date 
back 150 years, none of the glacier fronts were carefully mapped or 
photographed prior to the topogra-phic reconqaissance of C. E. Giflin 
in 1913 l2 and the detailed engineering and topographic survey made 
in 1914 by the Alaskan Engineering Commission to study the possi- 
bility of constructing a railroad from Passage Canal to the head of 
Turnagain Arm. Comparison of maps and photographs of the 1913 
and 1914 surveys with the results of the 1939 survey shows that all 
the glaciers in this vicinity have receded and thinned considerably in 
the intervening 25 years. 

The front of Whittier Glacier, which according to Giffin's map was 
a t  an elevation of approximately 600 feet in 1913, had receded to sn 
elevation of about 1,000 feet by 1939. The front of this glacier was 
not mapped in 1914, but from a photograph taken at that time it is 
evident that the glacier extended several hundred feet farther down 
the steep mountain face in 1914 than in 1939. (See pl. 19.) 

Learnard Glacier has apparently receded about 1,500 feet since 
1914. Evidence of earlier rapid recession of this glacier was found by 
Mendenhall, who in 1898 made the followipg observations:la 

This little glacier illustrates very well the rapidity of the ice retreat and shows 
us the processes whose results only remain in portions of the New England land- 
scape. One quarter of a mile out from its present terminus is fr hillock 220 feet 
high and half a mile long, with its longer axis parallel with the glacier front. I t  
is now separated from this latter by an  open valley paved with bowlders. A t  
first sight this elevation was supposed to be a simple terminal moraine, but upon 
examination it proved to consist mostly of ice deeply covered with angular debris, 
which is also disseminated through it. This remnant of the glacier seems to stand 
near a position which the ice front occupied long enough to become covered by a 
sufficiently thick mantle of protective debris, so that melting was not so rapid 
as in the less well-protected part of the glacier just back of the front. The 

1s QlfBn, 0. E., in Brooks, A. E., and others, Minerd resources of Alaska, 1913: U. 8. Qeol. Survey Bull. 
692, p. 60, pl. 2,1914. 

Mendenhall, W. C., A reconnaissance from Resurrection Bay to the Tanana River, Alaska, in 1898: 
U. 8. Qeol. Survey 20th Ann. Rept., pt. 7, pp. 32fr326,1900. 







GEOLOGY OF TEE PORTAGE PASS AREA, ALASKA 231 

-&ion from the glacier was pmb~bly facilitated by the exit of t.he ~ubglsctd 
atream tbmugh a tunnel back of the protecting m t I e .  The mmbined melting 
f mm aboqe and below mon removed t h i ~  neck, lwving the f o m r  front isolated 
as it stands today, Rince its imlation it haa been shrinking each summer, and 
now oocupies less than half of its original area. Around i t s  ~eawsrd  aide is  a belt 
of m u ~ h  ground of slight relief covcrcd with angular and unsorted msteriaI, which 
haa been let down Into poaition by the melting of the ice front. The outer rim of 
this zone is somewhat higher than the inner portion, giving it the form of o shallow 
ampbith&er facing the remnant of the glkcier which mmaina. The atability of 
tba position of maximum advance far a short time due to the balance between 
flow ~ n d  melting at the front aacounts for the dightly greater accumulation them 
and the building of the law rubble wall. 

Addition el data on this same feature were furnished by the mrveya 
of 1914 and 1939. The 1914 map ~howa at this place, instead of a 
"hillock 220 feet high and lmlf a mile long," a hill rising only 170 feet 
above sea level, or 120 feet above ilts base, and only 1,000 feet long, 
although a similar r i d ~ e  ending 600 feet to the weat *aa probably 
formerly continuous. Photographs of the same date show a steep 
aided ridge or mound of loose rock rmombling a mine dump. (Sea 
PIS. 20, A; 21, A.) When t.hs locality was visited by tho writcr in 
1939 this ridge had entirely disappeared (me pl. 20, B ) ,  its site being 
occupied by low heaps and ridg~s of coarse blocks that are accordant 
in elevation with t2ho general scnward-sloping surface of the morainal 
area. The highest point on t . 1 ~  moraine in $his general vicinity wae 
only 70 feat above sea level. 

The above obsemations show that the dcbris-coverd rmnant of 
the glacier 'front diminished 50 feet in m e u r n  elevation between 
1898 and 1914 and East another 100 feet between 1914 m d  1939. 
B y  1939, probably no ice remaincd under tho debris at this locality. 

Portage Glacier, the largest in the area,haa &own by far the greatest 
m o u n t  of reces~ion and ablation sinee 1914. Tho vestigial east lobe 
has rweded more than 2,000 feet, and the northemt margin of the 
glacier along the base of Portage Shoulder has thinned so that it now 
stands several hundred feet lower down the slops. The horizontal 
movement of this margin, as ~ h o w n  by rrucccssive mapping in 1914 and 
1939, has been 300 to 600 foet, vawing with the ~teepness of the slope. 
(See pl. 16.) Although elevations of tho margin wore not olosely 
dekmined at either data the dgroe of dope indicates that this margin 
is at least 200 feet Iower than it wtw in 1914. This conclusion ia 
~apparted by photographs which show that the general surface of t h ~  
glacier at  its widest part, just above the sharp bend, has been lowered 
through ablaition 200 feet or more since 1914. Also, unweathered 
gravel was traced at lenst 200 feet up the mountain alops at severd 
points. Remapping of the h a t  of the main lobe ~howed a recession 
of about 2,000 feet, the space bnck of the 1914 position being ocoupied 
by g. body of water, hm~in cdIed Portage Lake, which ia about 3,000 
feet in maximum width and cont.ains many floating ice blocks, soma 



of them several hundred feet long. S o d i n g e  in this lake revealed a 
~ u m d e p t h o f 4 0 0 f e e t  at the g1mier front 2,000feet mutbetust of the 
tip of Turnagain Shoulder, snd depths of more than 200 feet at several 
places within 400 to 600 feet of the south md west shoris. At two 
places near the mouth of Placer Craek the sounding weight met hard 
mck beneath 70 feet of water, but at dl other places- tho bottom con- 
aisted of soft gray clay or glacial flour. The deepest part of this lake 
is a t  least 300 feet below sea level, as the lake surfaca at the time of 
sounding wag at an slevation of 96 feet. 

Little waa Iearned of the recent history of athe glaciars in this area 
fmm morainic deposits and vegetation. The only well-dovelopd 
moraines are those below Learnard Glaier and across Portege and 
Placer Valleys below Portage Glacier. Several morainic ridgca were 
found below both glaciers, indicating either ~ucceasive advances or 
pauses in recession, but as the only vegetation on or m i r t t e d  with 
any of the ridges was the quick-growing alder and cottonwood, no 
concIusive evidence of the approximate maximum length of time aince 
the moraines were formed was avaaable. However, small patches of 
unweathered grtbvd pcrched 200 feet or more up the gouth dopa of 
Portage Shoulder and 250 feet ~bove  Portage Lake on the slopea of 
Turnwain Shoulder show that ice extended to t h ~  elevations in 

J 

comparatively recent tirnc. 

Olrtcid doposits in this area include t h ~  morainea below l h m d  
and Portage Glaciers and thc fluviogZacia1 matorial that h a  wcmu- 
lated tm p e a t  depths in Portage and Placer Vdcys ,  at the head of 
Passwe Canal, and on Whittier DpIG8. No moraines were noted on 
the steep dopo below Whittier Glacicr. The morain~ befow Leanard 
Glacier consist prcdomjnantly of j~unbled heaps and ridges of c o m e  
angular blocks of slate and graywscke, hcIuding very little fine 
material, between which occasional patEhes of sand and gravel. have 
accumulated. The bdta of mor~ine scross Racer and Portage Valleys 
arc! in part of Bimilar coarse blocks bn t dso include crtain ridgas that 
mnsiat dominantly of rounded pebbles, sand, and finer material. 

RECENT DEPomTB 

Recant depasits consist of the silt, a n d ,  gravel, and boulders being 
deposited along the lower murscs of the pie~ent streams, immediately 
over and Imply indistinguishabIe from the fluvioglacial deposits. No 
distinct m&rinc, or fluviatile terraces have been developed in thie area, 
the only recognizable Rccent physiographic forms being occasional 
steep alluvial cones of fresh, unweathered gravel and boulders, such 
as those at the foot of the wmt slope of Portage Shoulder on the floor 
of the P h e r  Creek Valley. 
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There me no active mining dcvelopmenta in the Portage Pasa area. 
An old claim at the head of Passage Cmd includes the mineralized 
vein mooiated with tho large diorite dike exposed in the bluffs muth 
of bhe bay. Very little development work has been done on this 
claim, and so far as known nd workable deposit8 have been found. 
Some mineralization bas accursed at a fow 0 t h ~  places in the area, 
notably near the base of the south slope of Portage Shoulder and at 
the month of Placer Creek, but none of thew occurrences appemd 
promising as sources of valiuabIe minerah. 

The discovery of a copper lode "on the north side of the Portage 
Glacier Pw" m a  reported in 1915," but no development work is 
known te have been done on it. The nearest active mining develop- 
ment is a gold-lode mine on the north aide of Passage Canal about 
8 milea from its head. This property is reported to have yielded 
some excellent prospects in gold.'& 

The multa of khis investigation that bear directly on problems of 
engineering and construction may be briefly ~ummarized, aa follow: 

Avail~ble evidence indicates that all glaciers in th i s  area are receding 
and thinning rapidly and that the stroams emanating from them am 
no longer carrying heavy debris l o ~ d s  but are becoming st~bilized in 
dofinite channels. It is &herefore concluded that  neither the glacie~s 
nor the glacial streams offer s gerious threat to possible engineering 
developments. 

Geologic field study brought out no conditions that would seem to 
make tunnel construction infemible. The bedrock of the entire ama 
consists of an irregularly bedded series of gmywacke, slate, md 
mgihte, which has boon considerably defoimed and fadbd on a 
minor ~cale, but na evidenoe was found of exteneive faults or shear 
zones that might introduce serious problems of tunnel drainage or 
make an excessive amount of timbering and lining 'necessary. 

Although large snowslides are of common occurrence in many parts 
of this arm, the most suitable locations fur tunnel portals, railroad 
yards, and town sites are singularly free from evidence of destructive 
avdssches. For example, ~lthough large snomlides occur on the wm t 
dope of Portage Shoulder, the lopica1 site for the west portal of a tunnel 
through the mountain lies under a short, heavily timbered slope that 
is separated from the main mountain face by B deep tesverse gorge, 
.which divorts all slidea from the precipitous sIopes above. Portal 
~ i t e s  on both sides of Turnagain Shoulder and on the east side of 
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Portage Shoulder am probably suhect to occasional d slides but 
- 

not to those of major proportions. 
Posaible looations f o ~  town sites, railroad yards, and other develop 

m a t s  include Whittier Delta and the southern part of a delta at the 
bead of Passage Canal, on each of which about 150 m s  of gravel 
plain would be available, and the moderately sloping hillside east of 
Whittier Delta facing the bay. Whittier Delta and the hillside to the 
eaat have an dvantraga ovar the site at the h d  of the &ay in Wing 
p m t i d y  free from danger of flood md in being closer ia the propod  
dock site just east of Whittier Delta, ' 
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canyon; B, Tilted grave1 beds (h'enana) nem mar~in of , 
highland area west of Gwstle River; C, Monrinal deposits at 
margin of Tanam lowlands 8 milea northwest of CeratIe 
 river-,-------------------------+^------ 18-4 

9. A, Weathered m- of schistme grsnih cm ddge amt of 
Gemtle River, 2% miles northeast of Bradford Creek; B, 
Bouldawtrewn bed of Sheep Creek ,,,,,.,,.--.,.-------- 135 

10. A, Black Rapids Glacier from brow of grsvel t e r n  above 
Richardson Highway, about 100 yards south of RapIda 
Roadhouse; B, End of Black Rapids Glacier ,,,--,-,,,,, ,, 150 

11. Black Rapids Glacier from point on gravel t e r n  above 
Richardson Highway, 2.1 milea eouth of RapIda Roadhouee- 151 

12. Map of Alsakrr showing lomlities where molpWenum minemla 
have been found ---- -, , , , , , , , , - , - - - - - - - , - , , - - - , - - - - - - 164 



Ptkm 13. RsgIonal map ahowing general relations of Portage P w  area, 
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14. A, Faat dope of Portage Shouldcr from head of Passage Canal; 
B, View w e ~ l t  from Portage Shouldcr down Portage Valley-- 

15. h u t h  slope of Portsge Shoulder,,, - - -. . ,,, -*- - -  -- ------- - - 
16. Geologic map of the P o w e  Pam ares,, . , , . - - - -  -, - - - -  ----- 
17. A, Brcccial of atgillite fragments in matrix of grapwacke on 

west slope of Portage Shoulder; B, Lower part of Portage 
Claeier, from Turnwin  Shouldet- -------.,,----,--,---- 

18. N 4 v t  fields and upper part of, Portage Glacier, from Portege 
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19. Whittier Glacier, as wen frum Passage Canal: A, In 1914; 
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20. View across hmd of Pawage Cans1 from the southeast, ~howing 
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21. A, Uebrk-covered ice ridges below Learnard Glacier, aa seen 
fiam foot of Portage Shoulder in 1914; B, Went dope of 
Portage Shoulder, showing trge fold in beds of dam and 
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R a m  1. 'kcnds of mineral pmd~ction u l  AEmka, 1890-1939 ----------  
2. Trend of value of gold production of Ala~ka, 1880-1939,,,,,, 
a. Copper prodtrced from Alaska minerr, 19W1939, and flnctua- 
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4. Index map of part of Alaska showing the location of the Gemkle 
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B, Map of drtrinage baain of B h k  Rapida Glacie~ a8 aumeyed by 

J. W. Beglcy in 1910 --- - 
6. Iawer part of Black Rapida Glacier aa mrveyed by P. W. 
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7. Index mnp ahowlng 1ocation.of Portage Pase area -,-,, -,, ,,,, 
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