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PREFACE. 

By MD H. BRO~EB. 

The information presented in this rolurne is based on exploration 
of the Yukon-Koyukuk region, which previous to Mr. Enkin's jour- 
ney of 1913 was but little known. This journey was undertaken as 
part of the general plan to carry reconn~isance surveys over the 
m a p p e d  areas of Alaska ns fast as conditions pmit. 

The funds available for this work did not allow the organization 
of a large party or the detaiI of an experienced topographic engineer. 

_,, ,Thmfom it fell to  Mr. Eakin not only to survey the geology 
but a h  to construct his own  bas^ map. He deserves p a t  credit 
for hncing, in e single season, mapped SO larp  gran area, and his 
work has yielded many new data bearing on the larger geologia 
problems of the Yukon basin. 

The economic m l b  of the investigation are largely negative, 
for bat few mineral deposits occnr in the region. The only mining 

, b cadsided in the mall-scale placer operations in the Indian River 
district. On the other hand, certain intrusive p n i h s  which are 
shown by Mr* Ealtin to ba the mineralizing writs are rather widely 
distributed,, and theref om the region, in spite of the meager results 
thus far achieved by the prospectors, should be d d  aa one in 
which there is hope of finding auriferous  deposit^. 
. Ms. Eakin, in this volume, presents a vsluable analysis of the 
problems relatjng to the origin of the drainage system of the middle 
Yukon region. In this analysis he clearly shows that there have 
been very extensive changes of drainage during Quaternary' time. 
Them chanms, Mr. Eakin believes, are due to the advance uf glaciers 

I 
C 

fmrn the mountains which bound the central platertu region. Whih 
<. Mr. Eakin's conclusion is worthy of consideration, in the opinion of 

the writer, it should IM mgarded as n working hypothesis rather Ihm 
u; as n theory that now adrnita of definite proof. 

In view of the importance of these problems, which invo1ve $he 
history of the drainage system of all the central plateau region, it 

- A will be w d  to p-nt briefly the principal facts that seeseem to be 
- 7 '  



oppmed ta Mr. Eakin's conclusions. 'These. relate chie0y to the sds 
qwcy af the glwi~l dams to bring about a complete mvemal of so 
extemive a drainage system. 

Mr. Ealrin holds that the larger rivem of the Yukon-KqwkuIc 
region formerly flowed north, and that the reversal of this drtainage 
dimtion was caused by a southward-moving ice sheet from the Endi- 
cott Mountains. Opposed to this explanation are the obp~rvations of r 
Smith: who, in describing the glaciation of the Royukuk basin, 
says: " So far as known, glacial ice did not re& the valley of the 
m ~ n  river, but the evidence as to  the foremost stand of khe ice is 
obscured by the later deposits." It should be added that Maddrays 
studies in the upper Koyukullr basin led him to belie~e that g111,cia- - tion exhnded from the Endimtt Range southward along ICoyukuk ' 

River to  beyond the Arctic Circle. This evidence is interpreted by the 
writer to indicate that while valley glmiersr may have moved far 
enough south to reach the former northwarddowing r i v m  described 
by Mr. Eakb, yet there is much doubt whether these ice m a w s  were 
of mfficient voIume to d m  the streams and c a w  a m v e d  of drain- 
age 100 miles to the south. _-  

Mr. Eskin holds that the Nowitna, a southerly tributary to the 
Yukon, formerly flowed ;southward into the Kuskokwim. This con- 
clusion is based on the assumption that there is a low divide between 
the Nowitnlm and Kuskokwim, of which there is not dehite proof. 
Even if, however, the tapography of this unsurveyed region is favor- 
able to such an interpretation, there is Ail1 question whether the re- 
veml in drabage was due to glacis1 ice. To  each the locality of the 
supposed ice dam from the A l a h  Range the glacier would have had 
fo be nearly 100 miles in length. The evidence to be against 
[H) long a glacier in this region. TO the northeast the glaciers from 
the Alaska Range did not even reach amsa the Tanana Valley: a 
rlj&nm of about 80 miles. 

The writer has dated4 that during their rnaximum extent tbe 
glaciers of the Alaska Range probably reathed 30 miles out into the 
Kuakokwim lowland, which would thus bring their &mini far to the , 
south of the locality where Mr. Eakin has postulated an ice dam. 
Assuming that ica did reach this ImB@,  it would be but the front 
of a valley glacier, and it is at  bast a quastion whether it would he 

X Y 

of d c i e n t  magnihde to form ttn ice dam large enough to c a w  the a 

extensive raversaIs of drainage e m m e d  by Mr. Eakin, 

l h i t h ,  P. S., !l'bwMmtak-Kobuk region, h k a :  U. #. OeoL Ehmey Bull. 686, p. 97, v 

1913. 
'Mddren, A. G., Tbe Koyakuk-Chandalar &n. Alaska: U. B. Qml. Burvej kill: 

582, p. 62, 1918. 
*Cappm. 8. R, The Bonnlfield -on, Alaska : a. IJ. MI. Survey Bull, 601, p. 37, 1fs2. 
* Brooke, & H, The Mount Yc$:inley region, Al& : U. 8. QeoI. Survey Prot Paper 

70, g. 126, 1911, 



The third lmalitv where Xr. Eakin believes m ice d'am to  have 
existed is on the watershed between middle Porcupine and lower 
Mackenzie rivers east of the international boundary. This ice barrier 
is supposed by Mr. Eakin to hare turned the anw&rs of the present 
Yukon and Porcupine, so that their waters sought R muderly outlet, 
Here, indeed, the direct evidence of the former presence of glacial 
ice is more convincing than at the other localities mentioned. JIcCon- 

\ 

nell has shown tbat daring the maximum glaciation the entire lower 
Mackenzie Valley was probably ice-filled and that the mounltainsl 

U 
along the Peel River portage show some evidence of glaciation up to 
500 feet and possibly to  1,500 feet above the sea. The writer will 
raise the question, however, whether these phenomena constitute afi- 
cient evidence to justify the hypothesis nf an ice barrier that ponded 
tba waters over an area of 50,000 to 100,000 square miles. 

Another fact bearing on the problem is the character of the Yukon 
Valley between the mouth of the Tanana and the Yukon Flats. Here 
the valley win& in a series of sweeping curves that strongly suggest 
the h i d  meanders of an antecedent stream. I t  is in this stretch of 
the. Yukon, that Mr. Eakin locates his former watershed between the 

li.' - 
waters flowing mnthwestward to  the Kuskokmim and those flowing 
northeastward to the Mackenzie. The writer has suggested that this , 

p a s  of the Yukon 1"~IIey represents incised meanders, inherited of 
a previous drainage cycle, an explanation tbat sesns to be in nccord 
with the h o r n  facts. 

The snggestion is offered that the changes of h i n a p  are due 
not to ics damming but to barriers formed by local warping. Evi- 
denm of local defomntion of Quaternary deposits has been found in 
varions parts of the Ytzkon basin. 

1 McConneEI, R, O., ha crpbrat!on in ithe Yukon and Blaclrde basha: Canada -1. 
and NaL Elst. G w e y  Ann. Rrpt.. new wt., rol. 4, p. We, FMb. 

*Brooks, A. n., The n~ograp hy and pmlogy of A h M  : U. S. Geol. Survey hoi. Fa-? 16, 
p. 284, 1QO& 





!tBE YUKON-ICOXUKl% REGION, ALASIIA. 

%- FUEFOSE OF REPORT. 

Tha mgon in central Alaska lying betwe~n Yukon and Koyukuk 
rivers west of the Yukon Flats has in general been little frequented ' 

by prospectors Owing to the consequent lack of economic interest 
those parts af the region not immediately amssible from the rivers 
have long remained geologically unexplored. Interest in the geology 
of the region, however, hnd besn stimulated by the rasults of surveys 
carried on in the adjacent regions on all sides-especially those of the 
&sumpart, Hot Springs, Gold M o d i n ,  and Ruby gold-bearing dis- 

3*4. .' 
tricts, along the Yukon-and by the more recently reported dis- 
coveries of placer gold on the headwaters of Indian and Kanuti 
rivers and on tributaries of lower Melozitne and Tozitna rivers 

During the summer of 1913 a Geological Survey party in charge 
of the writer made s rapid reconnaissance through the more inac- 
d b b  and geologically unlmown-parts of the region. Ther writer 
Bad pmviondy visited certain parts of the region and adjacent terri- 
tory, having accompanied W. W. Atwood in 1907, daring his study 
of the coal-bearing rocks of the Yukon section, and P. S. Smith in 
1909 and 1910, when ~ m y s  were made west and north of lower 
Koyukuk RiGer, and having studied more closely the rocks of tha 
Yukon &ion from Rampart to Kokrines in 1911 and in the vieini ty 

' of Ruby in 1912. During 1914 also he spent a few days in making a 
ahorh travcma into the region northward from Tanana. 

Investigations of other parties, described more M y  on other 
p a w ,  have touched a r b i n  meas of the Yukon-Xopkuk region, and 
the purpose of this report is to present tb available information 

a 
.1 

from aU sauces regarding the salient features of the geography, 
geology,'and r n r c e ~  of the region. (See Pls. I and 11, in pocket.) 

ACXXOWLEDf3XEWTa 
? . The writer wishes to express his appreciation of the uniform 

c o e y  of transportation officials and residents ofther region who 
-. at various times facilitated his work and added to his comfort, often 

at ppersonal inconvenience, and also of the loyal service rendered duc- 
u 



12 THE YUKON-KOPWIUX REGION, ALASKA. 

ing the 1913 expedition by J. C.  Dagle, H. H. Wintar, and C. T. 
Moore, whose untiring labors made an unusually arduous journey 
sucxes~ful. He is also indebted to the numerous invsstigatom whom 
work,,has contributed to the mibject matter of this report. 

% 

The fieid work of the writer that has contributed chiefly to the - 
following pages was done during the seasons of 1911,1913, and 1914. 
Ia. 1911, afhr a reconnaissance af the Rampart and Rot Springs 

districts, a boating trip was made from Rampart to Kokrines, which 
occupied about s month and the results of which have been published.1 

, Several trips for a few miles inland from the r i~er  were made, 
nohbly st Squaw Cmk, near Rampart, at Gold HU, and at Birches 
telegraph station. 
' During the summer of 1913 a mnnaisance  was mads through 
the more central part of the region. The party, including C. T. 
Moom, t o m p h e r ,  J. C. Doyle, packer, arid H. R. Winter, cook, 
landed on the north bank of Yukon River about 15 pliles below Fort 
Hamlin June 19 md'got under way the folIowing day, A pa& 
of five horses carried equipment and sufficient supplies for six weeks. 
It was planned to carq on topographic work by plane-table trimgu- 
lation and geologic work, with pace travem and the topographir 
work for control. 

!he  route of travel lay first around the north and west margins 
of the b y  River bagin to its extreme %outhwwterly headw~ters a t  
the lwality of camp 14. (See P1. II.) )Tern the camp out6t was ' 
left for a few days while the w r l h  and Mr. Doyle, traveling light, 
made a hasty trip southeastward to kha main northeast tributary of 
Tozitma River, tying in with the prs~!ous work on Squaw Creek. On 
the return to  camp 14 several southwesterly tributaries of Ray River 
were crossed, 

From camp 14 the journey was resumed in a general northwezterly 
dimction, first along the Tozitna-Kanuti divide and then around the 
north margin of a13 Melozitna basin to the east headwaters of Indian 
River. A high ridge was followed from this place for s few milea 
westward to the broad d e p d c t n  whefe the wahrs of Indian River 
and Mentmontli Creek divide. The lowlands were crossed on the 
Indilan River side of the divide, and thence the way led over a group 
of rugged mountains to the mining camp on upper Indian River and 
over a well-hveled wagon road wwtward to Hughes, which was 
reachd July 2%. Afbr replenishing supplies f r m  s cache which 
had been shipped to Hughes the party left the foUowiag day, ping 
h t  mutheastward scmw the Indian River bmin to the Melozitna- 
-- - - 

l$lltlda. H. M., A peologlc recoumlramce of part OF the Barnpart q u a d m e ,  Ahah: 
U. 8. -1. 8urvey Bull. 635, pg. 17, 34, 1813. 





Kapkuk divide and them southwestward along the high ridges at the 
w& margin of Melozitna basin to the Yukon, which was reached 
Augnst 24. The writer spent the rest of the seagon visiting the Ruby 
mining amps ,  while his assistants did m e  additional topographic 
work for a short distance above Ruby. 

During the first half of the seam the conditions for worg were 

ff decidedly unfavorable. Smolre of forest and tundra Bree obscured 
the landscape for weeks hgether, and much of the time it was im- 
possible to discern objects more than half a mile & i n k .  A few 
fim were ~etunlly encountered, necessitating harried travel in some 

w .  p l m  end delay in other& ,The absence of l~orse feed in the burned- 
.. . ,over forest areas  mad^ long forced marches necessary in places, when . 

the energies of the entire pnrty were required'to get the outfit 
through. About 40 miles of trail in all had Ito be chopped out, work 
which was especially arduous in the heavy p w t h  on the lowlands 
and where fallen timber, killed by previous fires, blocked the way. 
(SeePl.JII,d.) Plane-tableworkwasinnp~icable~ceptfortwo . 

periods of two and five d ~ p ,  when it was attempted with but in-' 
did~rent resulk It nm nemmry to guide the pack train by cam- 

,d.%b, - ' 
pass and to  keep the party together much of the tima, which harn- 
pred the scientific work. As much as pssibIe, however, the conm 
of the traverse was di& to determining the boundaries of the 
severaI formations and those actunlly determined are so indicated 
on the map (PI. n, in pocket). The extensions of boundaries be- 
yond the immediate vicinity of the traverse are based on structural 

, ., 1- that are fairly trustworthy. The later part of the season, whiIe ' 

the trip waa made from Hughes to the Yukon, was more favorable, 
and planetabla work was carried on for almost the entire distance. 
Tmvel was easier and st greahr k a d t h  of eountq was covered. 

The pace tral-ems of the season aggregated about 350 miles. About 
2,000 qanm miles was mapped by plane table, and the Fpogrnphy 
of additional aretls along the traverses wasl sketched. (See PI. I, in 
pocket.) The geulogic worlr covered the same genera1 areas, but the 
data gathered, taken in connection with work previously done, have 
a much greatar areal significance. 
In 1924 a short traverse northward from Tam- ta a height of 

- land overlooking the Iower part of the Tozitnm River basin gave a - new insight into the topagraphy and geology of that part of the 
mgion. 

SWVIOVS IBVESTICtA'l%O~ 
'd 

The north~cstcrn part of the region, dong Royukok River, was 
visited by Schrader En 1899, rind the n o r t h e a m  part, along Dall 

IJchraBer, F. C., Prellmlnarr report an a recounal~nm along the CbandIar and Koya- 
kuk rive+& -4I,laska, in 1MQ : U. B. Geol. $umep.Tkcntg-flmt A m .  Rept.. pt. 2, pg. 441- 
4% 1900. 



and Kmdi rivers, by Mendenhalll in 1901, and along Dall River by 
Maddm in 1903.P The areas along the Yukon h a w  beea discussed 
by. Ddlp RnmU: Spurn: Collier: ~trddm,l and &em incid~llta11-y 
to  general investigations along the Yukon or to the surveys of adje- 
cent regions. The reports of all these men have been fmdy used in 
the pmparation of the present volume. 

The Yukw-Kopkuk .region embra- m area of. abut -111,000 
square milm in central Alaska, lying htween Yukon and H;opkuk 
rivers west; of the Yukon Flats. Roughly speaking, it extends from 
longitude 159" to 167" W. and from htitude 85" N. to the Arctic 
Circle, although considerable areas within them bonndsriea am not 
incl-dded betwmn the rivers. 

The relief of most of the region is low, but locally there are moun- 
tainous areas in which elevations rise to 5,000 or 6,000 f ~ t .  The 
predominant type of topography4 consists of rolling, m a t d y  di5 
smtd  uplands of moderate elevation. Almost as h n s i v e  are broad 
lowlands that floor the major erosional depmiom of the region. 

MOWTAWOW AREAS. 

Tha largest mountainous area includes about 2,000 squrtre miles 
in the northeaskern part of the region, on the headwaters of Ray, 
Tmitna, md Kannti rivers. The ranges cccnpying this area .am 
generally known as the Ray  mountain^. The highest h o r n  point 
is about 6,000 feet above =a. level. Numerovs peaks xrise above an 
altitude of 5,000 feet and considerable areas stand almosk as high, 
- .  

Mendmhll, W. C, ReconuaMnc~ from nrt E t a  to Eohbue Boantl, Alaska: 
U, I. aeol. Harvey M. Pager 10, 1902. 

a rdnddmn, A. O., The & o y d m k - C b ~ d a l a ~  regton, AIasBa: U, & -1. Surrey Bnll. 632, 
1913. 

a Dall; W. E., Exgloratlou in R a s i ~ l a n  Ametlm : Am. Jonr. M, 2d wr,, vol. 48 1868, 
pp. 97-98: Correlatfon papem-Neoc~ne: U, 8. Gwl.  Survey BOIL 84, p. 241, ISAB. - 
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The bpography is extremely rugged for the 'mod pa* md over 
extensive areas it is marked by striking pimaclw of granite re- 
sembling those in the Cdorado '< Garden of the Gods?' (% Pl.' 
I ,  B .  The vaIlep gnerally head in glaciaI cirques and have 
characteristic glaciated farms in their headward portiona 

Smaller mountainous arcas lie between Melozitne R i m  and the 
Yukon and about the headwaters of Indian River, and one e-nds 
from the Melmitna Canyon northwestward far about 25 miles. The 
elevations within thwe areafi nowhere greatly exceed 4,000 feet and 
am in general considerably less. Their features, however, have a 
bold momtainous aspect owing to the low reIief of the adjacent 
country. Topgraphic forms due to glaciation are developed only 
locally and are not XI extensive as in the Ray Mountains, 

Former17 the name L' Yukon Hills7' was applied genera1Iy to the 
nplanda btween Ynkm and Koyukuk rivers. The uplands are 
mpsrated bv broad depressions into several topographically distinct 
sections. Since the, use of a general designation impliw a much 
closer similarity and broader continuity of topographic zlspeets than 

, M y  exist in the uplands of this region there can be but little 
advantage in i t q  continuance. The names of the distinct and widely 
sepnrrtt~d rnot~ntain grovps form a useful part of geographic nomen- 
cltrture md three of these are here published, probably for the firat 
f i r n d h e  Rny Monnbius, w h m  area has been indicated, the 
Hoksina Mountains, Eying between Melozitna and Yukon rivers, and 
the Indian Mountains, a small gmup in which Indian River heads. 
These p u p s  have geolagic ss well as topographic distinction, being 
develaped in areas of ignms intrusion and metamorphism, and the 
application of sepsrate names to them is in keeping with the p w r a l  
u s n e  for numerous similar mountain p u p s  of the Y~llron b&n. 

Them is an unusually striking development of high-level terraces 
and flat summits and passes in the mcuntnins of the region-featurn 
of a type that is widely didributed in interior AInska but m h w  
origin has genemlly been regarded as obscure. Their ideal develop- 
ment and consistent relation to definita geologic conditions in the 
Y u k o n - K m k  region have thrown considerable light on the lama 
of their occurrence, which are discussed under the heading <&Alti- 
planat ion terraces " { p. 78). 

The nonmomtainous nplands of the region  re far mare extensive 
+hart the momhinous areas, being generally developed on the Msa- 
zoic sedimentary rocks thmt occupy the western pad of the ~wgion 
.and on the Paleozoic schists that cover Isrge area~  in the eahrn part. 

TIie mrfnce of the Mesozoic amns generally consists of fairly per- 
sistm$ irregularly cusped ridges rand open, steep-hmded valleys. k 
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places the dependence of topographic forms on geologic structure ;?: 
is evident. Extensive alluvial deposition in late geologic time hss :< 
reduced the general prominence of the ridges where they extend out j 

$ btween the broader valleys, and in some placea those of lower eleva- .5 

tion have been almost completely buried. $ - 
In the areas of Paleozoic schist the characteristic. topogr~phic - 

forms are persihnt, broad, smooth-topped ridges of flowing contour * 
that show little evidence of dructural control. The lower  lopes -- 

'merge into the brond lowlands of the valleys without the abrupt- 
transition noted in the h,I~s~zoic areas. A more rugged topography, 
howe~er, is generrtlly developed on the Paleozoic gmmtnnes and 
limestones at similar elevations. 

Lbwland plains form a ~triking feature of the regim. They - 
cupy 1mr.e areas bordering Koyukuk River and extend b d l y  into 
the basics of its larger tributaries. The Yukon Flats have a west- 
ward continuation in the basins of Dall and Rsy rivers A similar' 
featum sweeps across the center of the region, flooring the middle 
sections of the Tozjtna and Melozitna basins T h e  lowlands are con- 
structional featums, resulting from alluviation in late geologic time 
that was largely incident to  the glacial damming of old drainage 
lines and the subsgquent readjustment of gradients in rasmged 
drainage m m s .  They include the f l d  plains of 'the present 
streams and the t e r r a 4  or sloping surfaces of silt and p v e l  de- 
posits at slightly greater elevations. 

The region is drained e n h I y  by tributaries of Yukon and Koyu- 
3 

kuk rivers. The arrangement and relative eim of the streams am 
~hown on the map (PI. I, in pmket ) . The drainage has many anoma- 
laus featare8 that have rsn important bearing on the morphology of 
the region. Thw include lowland divides, canyons, and back hand 
drainage. 

UlWIAND D ~ E s .  

The m& strikmg lowland divides are those between Tozitna and 
Melozitna rivers, Melozitna and Kanuti rivers, and Indian and Men- S 

tanontli limm In each place the Iowlands of both basins are con- 
tinuous acmm an indekite, swampy, lake-dotted dhide whose ele- 
vation is far less than that of the rims of canyons on the lower *' 

mums of the Bame streams. Similar diPides in alluvial areas are 
to be found between DaIl R i ~ e r  and a lower tributary of the Yukon, 
between Kanuti River and one of i t s  large southern tributaries, and 
W b I y  in other localities that have not been investigated. 
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CANYON& - 
In their lower Bectiona Indian, MeloziEnq and Tozitna rivers flow 

in canyons or constricted valleys that present a strong m n M  to the 
broad, flat-bottomed depressions occupied by the more headwnrd 
sections of the same streams. h'o dmctural or lithologic differearn 
in the cxluntry rock of the two sections is evident. The different 

C 
~spects of the upper and lower sections of the valleys is evidently due 
to s differen08 in age, the rivers having followed their ctmursw through 
the constricted mchm for a comp~atively  short period ~f t ima 
Plate ITT, A and B, iIlustrates these contrasting portions of the 
Melozitnrr. 
The Yukon a h  paam through a number of gorges between the 

Yukon Flats and the Tanana, and its vslley is notably constricted at  
the mouth of Melozitna River. The first .gorge begins at &a lower 
end of the flats and e-ds for about 1 5  miles. Below it for a few 
milea is a Broad opening through the hills to the right, into a lowland 
that ia continuous with the f lats  above. The second gorge beg4ns at 
the mouth of Ray River and extends for about 20 miles to the mouth , 

of Hwa Creek, Below this the vdley is open and fairly broad for 
about 40 miles ta the upper end of the Lower Ramparb, which con- 
sist of three distinct g o r e  with an #@gate length of 15 milea 
Below the mouth of the Tmana a great lowland borders the river 
on the muth for over 100 miles, to the vicinity of Melazitna River, 
where uplands appear on the left bank, narrowing 'the valley to a 

, width of s few milea This constriction would also have had a gorge- 
' .like aepect had if not been for the influence of the Melozitnu delta, 

which has m u d  the Yukon to shift dadily southward, thus widen- 
- .  ing the valley. 

In the constricted &ions of the Yukon Valley several minor 
kibnhries that head in the adjacent lowlands have sharp gorges 
near their mouths, where they tcavem narrow ranges of hills. 

Back hahd drainage, in which the gener%l'~)nrm of tributaries on 
both sides is opposite h that of the trunk stream, owing Ito its re- 
versal (see p. T O ) ,  is atrihgly de'cYeIoped above tho canyoas of In- 

& .  
dim, Melozitna, and Tozitna rivers. This abnormal condition ex- 
tends for only a little way along Indian and Tozitnn rivers, but in 
the Meloeitna basin it extends for almost the entire length of the 
major stream. 

Y amm. 
' The climate of the Ynkon-Koyuhk region is the same that pre- . a 

vails over a. -at d o n  of interior Alaska. The winters are long* 
and cold ; the sumnew are short and comparatively warm. Precipi- 

33270"-'Bull. 831-1-2 
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tation is mant and under more temperate conditions the region would 
be &arid. Owing to the generally frown condition of the a~bsoi l ,  
which prevenh loss by mpage, the surface is as a rule well watered 
through most of the year, 

The following table gives th8 recorded precipitation at Rampart 
for the years 1906 to  1910, inc lus i~~ :  

[Balnlnll or melt& snow Is Rlven la the nrut line ; mnowtatl In the a m n d  1Ine.l 

The mhfalE is probably a little greater in the western part of the 
region than in the eastern part. 
, The average temperatures of interior Alaska are summarked by 
Brooks as foI1ows: " The average winter temperature in the prov- 
ince is 5' to 10°, with a minimum of -85" to -78"; for the mmmer 
months of Juna, July, and August the mean is 50" to 60" and the 
recorded maximum We," A later record gives a maximum tempga- 
ture of 92" on July 27,1910, at Rampart? 

Concerning t h m  phases of climate that affect transportation and 
mining in the interior provinces of Alaska, Brooks says : 
Ice nsu~l lg  beglns to run on the Yukon between the first and middle of 

&toher, but the delta c l ~  to navigation one or two weeb earUer. In the 
mriw the Ice brenh at  the mouth of the Tnnnnn abwt May 20 to 15. So fftr ' as the records ahow, the Tnnana brenlw a little mum in the ~prlng nnd closes 
a Elttle Eabr In the lull than the Yukon. 

The alulring ~eaaon In the Fairbanks d i m &  nanalIy exten& from abont 
May 10 to the middle or end of  Sgtemhr.  There are fecords of w e b  owning 
ss mrlj as the mlddle of hprll, and In 1W7 most of the waterways remained 
open until the end of October. C 

Except on mma of the c m b  where the gravels are permeated by 
circulating ground waters and near hot  spring^^, the grokd be!ow a 

' 

slight depth is pehanently frozen in p l m  to depths of 130 feet - 
or mom. %'here wow acxumulates in kusaal amounts banks may 

I R m k  A. H, The M m t  M c K t a l e ~  mglm Alaska: 0. tl. Ckol Smwg Prot P a m  
W, p. 1DR. 1011. 

rGamer,0. W, Ala&a &r. mr. Bta.ane.acgt  t0?1010,p 44,. 
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p d  until late in mmmer OP even thro~~ghout the season. E b  
where the gromd is generally clear of anow w lg  in May. 

Summer dimate is a critical factor in determining the agricultural 
possibilities of a country. The length of the growing wason in this 
region is indiatd by the folloviing records mads a t  the United 
States Agricultural Experiment Station at  R~mpsrt  : 

k t  spr(nff M. Flnt autumn han. 

Yeat. 

( "  F.). (" F.). 

1W ................................................. May XI a3 Aug. 23 ................................................. m 
mu; M ~ Y  n ~5 smt. R 107 
IWUI ................................................. May I9 80 Aup. 31 1M 
10M .................................................. M R ~  29 30 AUP. 24 W 
1010 ............................................... Afny 29 3 AUA. 21 H4 

The timber line in the region b about 2,000 feet above sea level, 
though lmlly, in protected valleys, t m  grow s t  slightly higher 
elevations In the monntainoas amas timber grows only in the 
velleys ~ n d  on-the lower dopes. In the RELY Mountains the valleys 
am devoid of timber for  distanca of 5 to 10 miles from their heads. 
There am large areas in the Jielozitnl~ basin below timber line that 
apparently have never been foreskd. Figum 1 illustrates the gen- 
eral diatribation of timber in the region. 

The principal species growing in the region are the spruce and 
birch. A few acattemd hmaracks p w  in places; and willows and . 

ddem thrim dong watercourses and about timber line. Except in 
favored situations along the banks d i  streams and at  the heads of 
vallep, the trees nm small, generally measuring less than 1 foot 
in diameter. In mme places trees 2 feet or more in diameter can be 
fonnd, but the ames that support such growth are very small. 

For& fires have wept over large tracts in recent years, and in 
plaw repeated burnhgs have cleared the land completely. Prob- 
ably half the area between Yukon and Koyukuk rivers was burned 
ever in 1913. However, sufficient tirnbor for the ordinary nsas of 
pmpecto~s remains in almost nny pnrt of the region that lies belaw 
timber lina 

Grasses of several varieties are widely distributed. Redtop Ls 
probably the most valuable species for forage, Under primeval . 
conditions it was to be found chiefly along the well-drained bsnh 
of streams and about timber line, especially at the heads of vhlleys. 
It is one of the first plants to appear in burned-over areas, and in 



the eawm part of tho region, where forest fires have ; lead large 
tracts, there are now luxuriant red* m d o w s .  It thrives especialIy 

we11 on the silt lands, favoring southerly where enormous 
amas of natural ~ o w t h  mpnble of producing bay of good quality 
nre tQ be found* 



In tha wmtmn part df the region, which hm been mom recently 
burned over, there are no natural meadows except along some of 
tha streams. The only available forage at higher elevations is the 
mdtop at the heads of valleys or other less valuable gmsea and 
d g e s  on the high p- and upland tundraa 

Arctic m- are generally prevalent over the region. The sphag- - nnrn varieties thrive in the sparsely timbered areas and wherever 
moisture is abundant. The dryer upland areas above Amber line 
are favored by the reindeer moses or Lichens. In much of the area 
of the Ray Momtaim reindeer moss is abundant, and the general 
conditions am apparently suited for reindeer culture ta m unusual 

. dogre& 
A great number of edi'ole species of berries-are native to the region, 

among which mamay be mentioned the e v e r - p M  blaeberriea, high 
and law bush cranberries, currants, and red raspberries. gther 
~pecies are aim to be found, and altogether the natural fruits of the 
region in their season offer tt pleasing and generally abundant addi- 
tion to the sojourner's ration. 

Game is generally abundant in the pa& of the region not re- 
cently burned. Mom, caribou, and bear were encountared i~ con- 
siderable numbers by the Survey party. Mame are especislly plenti- 
ful in the Ray River basin and on the adjacent headwaters of Kmuti 
River. Caribou h d  attractive pasturage in the uplands of the Ray 
Mountains and dm west of the upper Melozitna. The number of 
native hnnhm' caches seen about the headwstem of Ray River a h  
indieah that kbis i s  a favorable hunting ground. 

Fox, l p ,  marten, squirrel, and ermine am chief among the fur- 
bearing animals. Considerable trapping is done in the regions nearer 
the Yukon, and in places these animals have bsen almost extermi- 
nated Foxes are numerous farther inland, and about half of these 
seen were either aver-gmy or '' c m  " foxes. 

Small game and fish were to be had in plenQ in a11 parts of the 
region. Rock and willow ptarmigan are the most abundant of the 
resident game birds, the former in the uplands and the latter in the' 
open untimbered valleys at lower elovatiom. Apparently the wil- 
low ptarmigan find the mutherly headwaters of Kanuti River an 
especially favorable breeding ground, fpx they were t o  be seen there 
in countEm numbers. 
Few grouse were wen a h g  the route followed in 1913, but they 

are known to be planti-ful in the mom wooded regions along the 
larger streams. Among the more common upland birds are species 
of curlew, plover, and snipe that nest above timber l i e .  



&me, ducks, ermm, and other waterfowl h iarw numbem b d  
in the great lowlands of the region. In the joztrney donu the divide 
westward fmm the Ray Mauntaina, when the landscape was o b  
mured by smoke, the constant damor of these birds indicshd the 
nearness of the lowlands on the south, 
The mountain streams are well stocked with brook trout and gray- 

ling, and the latter are abundant alao in the lower and larger dreams. * 
Salmon &I up all the larger streams annually and support a eon- .. 
siderable industry along-the Ynkon, where they are taken as food 
for both man and besat. 

Y 

W ~ T I O I P .  

The population'af the region is chiefly 1oca:ized in settlements on 
the banks of Yukon and Koyukuk rivers. The white settlements in- 
clude Rampart (population in 1913 about 50) ,  Tmma (300), and 
Ruby (1,000), on Yukon River, and Hughes (75), on Royokuk 
River. Minor settlements along the rivers, including Lelegraph s h  
tions, road houses, and the like, have a total population of about 50, 
individuals About a score of prmpmtors spend more or less t h e  
in the interior of the region. 

- 
The natim in this region number about 300. They live in camps 

and villages on the banks of Yukon and Koyukuk rivers, usually near 
the mouths of the larger tributary streams. The two largest settle= 
menb are probably thorn near Rampart and Tananla 

StesmbolLb ply *;the Yukon and Koyd+ du- the open s ~ ~ ~ s o n  
and furnish a m d y  means of reaching the borders of th? region. 

_ The larger tributaries of these rivers are generally navigable fur 
poIing boah for considerable distances, but mudt of the region is 
inttccessible in this manner. The Melozitntt Canyon is coosided 
impassable for craft of any sort. Above the canyon this stream is 
ideal for poling h a h  and furnishes t i  possible route through a, large 
territory. Very little boating is actually done on the smaller &earns, + 

inland travel being confined mostly to the winter, when dog  and 
gleds can be used. 

Mail service on a weekly schedule ia maintained along the Yukon 
in summer and at longer intervals along the Koyukuk. In winter 
the mail is c a d d  by dog dedge, the Koyukulr mute leading from 
Tmana ~ c m m  the Tozitna and upper Melozitna basins to the river - 
above the mouth of the Kanu'ti. The winter service is mid to be en- 
erally more regular and slttiafactory than the a u m r  service. The 
Government telegraph is available a t  all the important Yukon 
wtt2ements. 



The indnstriea pnrsued by the inhabitants of this region are 
namecons, but all am related, more or less directly to mining, trans- 
portation, and the Government military and signal service. Con- 
siderable revenue is derived from the salmon taken from the Yukon 
and dried for dog feed. Large contracts for this product are mled 

P annually for the miIitary post and mail contractors. barge quan- 
tities of cordwood from locd sources are umd by &anbats and in 
the settlements and mining camps. Lumber for local use is sawed in 

b the larger Yukon settlements, and many pemns find employment in 
supplying saw logs to  the mills. A little gardening and trucking is 
done, nnd at Rampart an agicultural experiment station is main- 
tained ~mder Ghovenment auspicrs Hem a p a t  v~riety of p d u &  
have been grown successfully, a fact which stlggesta the possibility 
of expanding the agricnltural industry to meet the demands of a 
much greater population for vegetable and root products, hay, car- 
tain grains, and dairy products. 

DESCRWITTE CIEOLOUT. 

aENERaL FEATURES. 

The areal~di&ibution.of the major geologic units of ths Yukon- 
Koyukuk region is indicated or! the map (PI. IT, in pocket). The 
geologic boundaria within the amas that are rnappsd topographically 
have, been generally determined by actual observetion. Tho exten- 
sions of bpundaries beyond these amas are hypothetical, being based 
on priers1 geologic strncturw and relations observed within the better- 
h o r n  areas. Boundaries hare  been extended Ixyond t h e  field of 
observation only mhere a fair degree of accuracy seemed assured. 
The boundaries of the Qunternarg formations indicate only the 

general chamcter of their distribution and not their absolute margins, 
which could be delineated only by a far greater amount of work than 
is possible in hasty reconnaissance or is merited by their importance. 
It is intended only to show ~pproximately the width of the present 
flood plains and the line of demarcation htween the mom genera1 
alluvial' deposits and the talus deposits of tha apland slopes which 
are not indicated on the mRp. The genertll p i d m c e  of topographic 
forms hag been folIowed, and it is obvious t h ~ t  whem these deposits 
are not expreseed topogmphicaIly error in detni1 must occur. 

A broad zone lying along the Yakon apstream from Ruby is occn- 
pied predominantly by metamorphic rocks The central part of this 
zone is d metamorphic complex of &hi&, limestones, quadzites, and 
gmmstones whose structural md  real relations are too intricate 
and o h m r e  h permit subdwision, except on the basis of much more 
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. taries of Kanuti River and the e&rly tributaries of the u p p ~  
Melozitns. 

LrrHOLWY. 

The rocks of the metamorphic complex present maag. &%%rent 
aspect#. In p law they are predomjnmitly derived from wdimentary 
formations; elsewhere the metamorphic equivalents of igneous rocke 

d prevail. The original dimentary rocks of some sections were of 
chstic types; those of others were calcareous. Among the igneous 
derivatives both intrusive and effusive typ& can be recognized, rang- 
ing in composition from ultrabasic to pemilicic. In addition there U 

are many rock types whose original character ia  entirely dmured, 
the metamorphism, though everywhere inten&, b e ' i  more pro- 
nounced in mme members than in othera 

The roch of the mehmorphic wrnplex, except the purer lime- 
hnes,  have developed strong m n d a r y  structure, ranging in com- 
plexity from a simple slaty cleavage with close parallel foliation to 
intenwly crenulahd or crumpled schistmity with intricately inter- 

i secting cleavage planes. True slntes rarely occur, and practically dl 
these rocks are to be clawd as schists, The purer limestones am 
rnarmarized, and although they show a pronounced baading, due to 

. Aowam, they have no structure comparable with that of the whkn 
I They are true marbles for the most part, and their original strncture 

is rarely evident. 
I 

i The schists vary m composition according to t h e  original type of 
I rock from which they weraderivad and the character of their dtera- 

' " 
tion. The clastic sediments are represented by schistose quartzites 
and quartzitic, quartz-mica, and graphitic s ( : h h  Garnetiferoue 
echkts are developed dong the margins of some of the limestone 
areas and in other situations and reprasent the more crrlcnreor~s 
phtrses of rhstic ~edimenh- BBas voleanie rmks have produced dark- 
colored amphibolite schists, and the more acidic intrusive mcks are 
repremnted by augen gneisses and feldspathic and sericitic whists. 

Other %hi& of uncertain origin cover broad areas in.parta of the 
region. The more common of these is a, k e  even-grained biotite , 

schist having a 6ne slaty lamination. Les  common are dark aphanitic 
schists in which the foliation is bmsdly outlined by fine quartz 
laminae. In some of these t ha t  are richer in quartz the closeIg spaced ?r 

quartz laminae make up the greater part of the rock. Locally near the 
granitic intrusives a great deal of igneoue metamorphism has taken 
place, producing nondescript 'schists and granular rocks of types not 4 

found in other situations. Their compwition has evidently been 
' strongly aB&ed by the intrusions, and although they are now quite 

distinct, they msy bs the stratigraphic equivalents of some of the 
mom common types of xhists in the adjacent areas. 



Tha schists of the Rap-Dall divide are chiefly dark amphibolitic 
rocks, pmhbI y deveIoped from basic volcanic effusivss, A few out- 
c r o p  of qus-biotite ~lchist occur, but they are evidently of minor 

* a m 1  extent. h n i  tic intrusives occupy considerable areas along the 
divide, and near their margins the schists have in p l m  a mom 
p n d l a r  textuse and a lighter color. Quartaose gc& in this sitna- 
tion hare evident17 derived much of their mteriaI from the intru- 

I sive magmas 
ur-EAmm m I L  

The predominant mks of the Ray-Kanuti divide 4bre h e ,  even- 
p i n e d  biotite schim that break with g. straight, slaty cleavtage. 
Greenstone schists and other quertz-mim mhists occur In subordinate 
amounts. A wkite, silvery quartz-*rich schist is ~ m i a t e d  with the 
darker varieties in narrow bands which suggest that they may repre- 
wmt altered granitic dikes. Kearer the granite arans the sericite 
schists are more prominent, and in places they contain feldspar augen 
and apparentIy grade inta the aupn gneiss varieties of the gfonitic 
intrmsives. The quartz-biotite schists hold their prominence south- 
eastward to the Ray-Tozitna dkide and wwtward to the Krtnuti- 
Melozitna divide. At the latter locality they $ve way on the west 
to dark, aphanitic, lws schistwe mlra whme signifisrance is not 
clearly u n d e w .  

Limestones are enhirely absent, so far as observed, from the bed- 
water wgians of Ray, Kanuti, Melozitna, and' Tozitna rive= 

The uplands bordering on the Yukon for 20 &lss above the mouth 
of Melozitna River are mads up chiefly of metamorphic rocks, Far- 
ther from the Yukon, on the north, granitic htrusives p m d .  

The metamorphic rocks of this section include p m t o n e s ,  mhists, 
and limestones. The greenstones are in places gneissoid or even 

, schistme, but for the most part they exhibit only slight mechanical 
r alteration and are plainly derived from basic volcanic rocks. T h e  

limestwe members are in n m w  bands that trend northeast, in 
accordanca with the .general structure of the region. Quartz-mic~ 

b- g~higtS in minor amounts are associeted with the lim&onee and 
greendon= Ther;~ mks are in general not so highly altered as 
those of the Ray-Knnuti area, and this fact, together with the pres- 

, ence of the limestones, may indicate a stratigraphic and age &- 
t inction. 



The uplands north of Yukon River for about 80 miles below the 
Tmitna, inclnding the Gold Hill district, are made up.bf metamor- -- 
phic r o c k  For some di&ance b l o w  the Tozitna schists occur a d ~ - '  
sively, the prevdmt tyges of which are light-colored quartz-mica 
&chide and whistose quartzites Fader downstream dark. datg 
schists sre amiated with the light-colored varieties. Below the w 

mouth of Mason Creek and in the divide at the heads of the small 
local tributaris of the. Yukon is an aasernblage of greenstones, l i i e -  
stonea, and schists that clwly resemble those of thi3 Yukon section 

C 

s h r a  the MeIozitns, already described. 

The nxh of the Rampart d o n ,  -ding for 50 mileg abwe the 
mouth of the Tanana, consist of a metamorphic assemblage intruded 
by large granitic masses The metamorphic rmks include limestones, 
~ch&~,  and greenstones, the 6rst two types predominating. 
The limestones oocupy cMlsidemb1e areas along this section of the 

Yukon, to the exclusion of all other types. They generally exhibit 
strong metamorphism. The purer rocks are intricately banded,. 
owing to flowag~, and the imp- rock are strongly whistme. Mica 
is the most abundant sewndary mineraI, but garnet, epidote, and . 
wapoLite a h  occur. - The repIaoement of calcits by a chertlike form 
of quartz is a common phenomenon, which in places baa brought 
about a complete change in the chemiml composition of the q k a  
The limestones aw mostly nonmagnesian blue and white banded rock, 
containing more or less secdndary silica. B u f l - c o l d  dolomitic 
members m . e x m d  in plam in the river blnfls, but their extent 
and reIatiom were not determined. 

The whistme m k s  of this d i m  include ~ h i -  quarkites and 
limestones and quartz-mica, graphitic, slaty, and gmmtme d i s k  
Thcre am also feldspathic schists and gneisses thgt am probably 
more closely related to  the granitic intmsives than to the older 
metamorphic rocks. 

The uplands for about 10 miles nor& of Tanana are mcupipd 
by the southw&rly continnation of formations that crop out along 
the Rampsrts &ion of the Yukon. Tmhe lower hills and ridges are x 
generally covered by Quaternary ~Uuvium, but outcrops of quartz- 
mica Flchist and ehertg lirntskone, are to  & found here sad them. T h e  
mom elevated mag farther north, about the headmatem of Bear - 

. Cm3r,a~&piedckieffybydark-mlored,slightly a l t e d v o l -  
mnic rocks: that are decidedly younger in nppmnce  than the p e n -  
atonea amwiated with the limestones and schists 



e m m B A p w .  

&though the avai.lable data respecting the metamorphic complex, 
gathered in a hasty monnaisanw and by more or less h e a r  surveys, 
point to d i n  general distinctions emong its members, they furnish 

., only a meager insight into the stratigraphy of the a.wmblage. The 
mpective parts thrat ignmus and regional metamorphism have played 

r) in de~eloping the present rock typw are not clearly defined, so that 
. the degree of alhration of any rock is not a fair criterion of its 

stratigraphic position with respect to the other member& The 
'L 

general absence of f&Is ma of structural data tts to  the relative 
age of di flerent members learn the stratigraphy of the complex to be 
determined, if pmsible, by more detailed future surveys. 

Mention has been made of the wcondary rstrueture de~eloped in 
the members of the metamorphic complex, in part by regional defor- 
mation and in part by the mom 1mI deformations incident to igneous 
intrusion. eLx the local deformatiws in many places tend t o  pard- 
Id the margins of the p n i t e  m y  they n-rily show a wide 
discordance in my conderrtble area. There remain to b described 
the general trends of formations and of the m n d a r g  sti-uctures that 
indicate the nature of the broader deformations which have affected 
the regioh 

- In the Yukon d i m  above the Melmitna and in the uplands of the 
, Gold Hill district there am sonspicuous limeatone bands that trend 
in s p e r a l  northeast dixectim. Distinctive belts of schist and 
grasnstone have the same trend, and the mmndary cleavage planes 
of the di&ose members am conformable in strike with these struc- 
t d  features Details of the structure axhibitad in lmI exposures ' . 

mvml cIwly appressed and overturned folds, with ~ n d a r y  cleav- 
age developed parallel with the limbs of the fol& throughotlt the 
n m  The dips are generally strong? but locally they are negligible. 
Within the Gold Hill didrich they range from 90" to low angles both 
to the southead and to the northwest. 

At the lower end of the Ramparts d o n  the prevailing structural 
trends are N. 35"-S0° E., but farther upstream, near the grania aress, 

P they me wther erratic. In the Ray-Dall divide md in the Ray- 
Kmuti divide as f a r  west'as camp 9 (see P1. a, in pocket) a generd 
north.e&rly structurd trend is indicated by the elongation of the 

C emalbr intrusive bodies in this direction and by the o h w e d  attitude 
of the cleavage planes of the schista In this region no evidence as to 
the general bend of formations was procured. The mme type of ' 
elom folding noted in the Yukon mctions is here evident in some of 
the greendone members (See PI. IYJ, C,  p. B.) 



so TELE YUKON-HOYUKUK REGION, ALAS= 

Westward from camp 9, along the north mar@ of the graat 
granite area, the observed strikes range fmm west to N. 40" W. and - 
apparently the structural trends w e  all within the northwest quad- 
rant. This agrees with the general direction of the north margin of 
the granite area, and it would appear that these f duras  am intern- 
lated. As the structural trends-both east and west of the granite area 
and gen~rally over the region away from the gmnites are in the north- 
east quadrant, and as the structures near the larger granite mas in w 

many places have been complicated by compression in two or more 
directions, it appears probable that the earlier structural featur&sl 
of the e n h  regian had northeasterly trends and that the variations * 
from t h a  trends may have been induced by the agencies and at the . 
tima of the granitic intrusions. Howerer, in post-Crehmous time the 
region has been subjected to tectonic mmpmsion in s northeawrly 
direction, resulting in the northwesterly trend of the Cretaceous 
rocks to the west, as described later in this report. The streme that 
brought about this deformation probably had little effect on the 
principal grauih mas= and were expressed in the development of 

-mmndarg structure only at the margins of the granites and in the 
adjacent mhi* At any rate the structural trends in the northwest 
quadrant appear to have been a' later development redt ing  from 
forces that in some placerr dtered the orientation of the older st;mc- 
ture and in others mperimpwd additional structur~s upon the rock 
that failed to &ift into conformity with the tectonic stresses. 

AQEI AND COFtREUTION. 

No fossils have been fomd in the r o c b  of the metmorphic com- 
plex in tha Yukon-Koyukuk region, and conquently there is no di- 
rect evidence at hand as t~ the age limits represented by the 
mmblage or as to the interrelations of its various members 
General inferen- may be drawn from the resemblance of portions 
of the complex to the mcks of other &ions of interior A l d a  whose 
age is more de5itely apprtrent, bat mch correlations am neoessarily 
vague and tentative. 

The complex probably represents a very great aggregate thicknegs 
of beds that were accumulated during a long period of geologic time. 
The complicated stratigraphy and intricah ~tructure of the assem- Y 

b l a p  rnakas it unprofitable to attempt more than to point out the 
broad& distinctions between its parts and to guggest only the m& 
general comlatjon with the rocks of other areas. 1 

The *rocks of the Yukon sections differ f m  thlm of the more 
northerly area in the abund~nce af the limestone members. The 
absence of limesfonw in the 'northern area and their abundance in ' 



the Y u h  sections is so striking that it e m s  safe ta infer that the 
two areas arc mupied by distinct gtratigraphic units. 

a?lebkwations made give the impression thd the rmks af the 
Yukon sections, including the limestones, are younger than .the 
schkte of the northern area, but this has yet to be definitely proved. 
If this inference is correct it is in Ireping with pmsible comlations 
of the complex of this region with the metttmorphic rocks of Alatna 
River, where Smith1 found a group of schists lying unconfonnably 
beneath limestones similar to those of the Skajit formation of 
Schrader'a John River &ion,* which carries foereils '& not older 
than Silurian nor yaunpr than Carboniferous? and BIBO with the 
metamorphic m b  of the Rampart and Fairbanks quadrangles, 
where Paleozoic beds, including Silurian and Devonian limestones, 
oj-erlia the Birch Creek schist. The rocks of the Yukon sections 
sppsrently continue muthwsstward into the Ruby district, where 
Devonian fmils have been collected from a limestone associated 
with greenstones and ~ h i s t s . ~  Plant remains mgesting Devonian 
age were found by Spurr* in clastic beds associated'with the lime- 
atones in the Lower Ramperts of the Yukon. 
If the limestones of the Yukon &ions are to be correlated with 

thoae of the Ruby, Rampart, Alatna, and John River localities, the 
afeaa of the metamorphic complex in the southerly part of the region 
may 6e chiefly of Silurian or Devonian age. The apparently older 
schists mag be generally equivalent to  the Birch Creek schist of the 
Yukon-Tanana region and to the older metamorphic rocks of the 
Hoyuh~k and Kobuk region and of Seward Peninsula. Their pos- 
sible age limits may then be placed anywhere from pre-Paleozoic to  
early Paleozoic time, 

I)mDmmmES* 

The term greendone " is ~pplied generally to a large class of 
more or less-altered basic igneous rocks that are widely distributed 
in the, region. Those associated more intimately with the limestones 
.and =his% of the rnetrtmorphic complex have been mentioned. In 
certain other areas indicnted on the map (PI. 11, in pocket) green- 
&ones mcur almost exclusively, and it is to'these areas that the 
pkwnt description applies. 

1 Rmlth. P. S., The Noatak-Kobuk rpulonn, Alaska: C. I. Geol. Sktrvey ~ ~ 1 1 .  680, p. 8n, 
191s. 

alchmder, B'. C, A spcodlmanep la northrm Alaska: U. SS. Qml. RUVPY Prof. 
Paper 20, pp. 5542, 1sW. 

a &kin, If. M, The Idttarod-Rubj tedoa, Alamka : U. B. 'Gml. Burveg 13~11. 678, gp. 
31-22, 1814. 

4 Spurn. J. EL, W?o*g b i  the Ynkon gold dlatFtCt, Ala~ka : U. 8, Oeol. 8amey Elghtmth 
b n .  Rept., pt. 8, PP. l%lSt, 1898. 
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The principal greenstone area of the region lies along the wed 
* 

side of the Yukon from a point a little blow Rampart uptrsa3n 
beyond Fort Ramlin to the margin of the Yukon. Flak Th& xo&i 
extend westward to upper Tozitna Rivm snd underlie much of the 
lower p& of the Ray River basin. North of Ray River their bound- 
ary awings Eo the'northeast, cutting acmes the upland of the Ray- 
Dall divide about 10 mil= from the Yukon. This area is probably 
continuous beneath the alluvium of the Yukon with the larp peen- * 
stone area in the northern part of the Rampart district. 

A wide belt of similar rocks is tnvemd by upper &nuti River. 
Another considemble area flanks the metamorphic mmplex on the 
west near the headwaters of the Melozitna. There are alm undefined 
areas mupied chidy by greenstone in the uplands eastward f m  
the Malozitna Ctsnyon, in the Gold Hill district, and 10 miles north 
of Tanana. 

LPPaOIiOaf. 

The characteristic mks of the gr88ndone 11ssemblage am dhmd 
basic igneous rocks, including diabasjc and badtic  flows, tuffs, and 
b w i a s ,  and intrusive bdim of similar composition. haciated -. 
with these & ?n pl1t08~f are thin beds of date, chert, and hnestone, . 

- 

besides other igneous typw-rhyoitic laves and breccia= and light- 
colored aphrrnitic laminatad rocks that apparently include g l a w  
lavas and he-grained tufla The basic effusive rocks doming& the - 
amemblage in most of the gmemtae a& but locally the i n t r d ~ ~  
are premnt in greater amount, 

The  plane^ of demarcation befween the beds of diffemnt types 
are rarely distinct; generally there is an almost imperceptible grada- 
tion from w e  to The composition of the m&w flows 
is emntially the same as that of the fragmental volcanic rocks, and 
as alteration generally obscures the original struckurn the difference . 
betwmn %OWS and coarse breccia is dight. The tuffs grade from 
coarse fragmmtal varieties b fine-grained nphanitic rocks resem- 
bling the basalts. The h e r  tuffs in places merge hito ro& con- 
taining detrital or c a l m m s  materials and through thw interme- 

- diate types into true d a b  or limestones I 

The basic Inns range in m u r e  from mmly grandar diabase 
and gabbm to cryptocrystalline OF glamy basalt and tnff. m e  dia- 
base is commonly holocrystalline and exhibits a mom ,OF 1- perfect 
ophitic texture. The finer-grained rocks usually have an intsmrhl 
texture and contain more or 1m glass. Porphyritic tendencies ara + 
common to botb the mrse and h e  grained rocks, bat the pheno- 
cry& are rarely very mn8picuous. 

Plagioclase and augita are generally the m t i a l  minerals, with 
orkhocla~ and quartz, or olivine, hornblende, and iroq oxid- w h- 



portant acmries ,  The alhration of the racks has d h i  in the 
developmemt of numerous saconday minerals, the chief of which 
am calcite, epidote, serpentine, chlorite, pyrih* and perhaps some 
of the quartz. The secondary minarals are generally so abundant 
that they impart a greenish tone to the whole rock mass. The shades 

*vary fmm light gmen in some of the h e r  tuffs to nearly black in the 
ultrabasic intrusive dikes. Weathered surfaces are gener~lly of a 
deep-red color, as are also the soils that result from the decomposi- 
tion of the gmm&ones. 

LOCAL FEBTmtE8. 
m 

L 

FOBT m l W  daEb, 

T h e  greenstone a m  nlong the Yukon at Fort Hamlin and below 
is the most extensive in the region, covering more than 1,000 quare 
milea north of the river and extending southward into the Rampart 
district and eastward into the corner of the Fairbanks quadrangle. 

Volcanic effusive rocks comprise the greahr part of the assemblnge 
occupying this area. Di~baxic and bakltic flows and tuffs of remark- 
ably uniform types are generally abundant,' and in large sections of 

r 

the area no other m k s  are t o  be found. This is especially cl~nra* . 

hristic of the exposures along the 'STnkon and in the basin of Squaw 
Creek west of Bsmpart. 

That part of the greenstone series extending into the Rampart dis* 
t r i c t  south of the Yukon contains thin beds of slate, chert, and lime- 
h e  interstratified with the more massive volcranic rocks In one 
considerable a m  in this district more silicic volcanic rock am ex- 
tensively developed, alm& to the exclusion of the cummon p a n -  
&one t-, and mks of the same sort are s m i a h d  in minor 
amounts with the pnstmes of neighboring areas. 
JV& of the Yukon, at the head of Sque~w Creek and on the 

Tozitna, the series is axclusively igneous and the dark-colored varie- 
ties nm generally predominant. Locally reddish andesitic flows 
are prominent in the mries. The bedded volcanic rocks are cut in 
the Squaw-Tozitna divide by many basic dikes, chiefly pbbru and 
diorih, and by s few thin dikes of granite and aplih. 

The gfeanstones of the Ray-Dall divide are similar in composition 

C 
to those of the Yukon River section, but larger mounts of slate and 
chert are intarbedded with them. They are more highly altsred ~ n d  
more or 1- *hishe in the vicinity of the granite intrusions, and 
fadher west the greenstone schist phase is very general. In this part 
of the area cl~stic derivatives are more abundant, and appamtly 
them may be a gradation from the gseenstone series into the series 
that h a  b n  assigned to  the metamorphic complex. 

S327O0-Bnll. 681-1- 



The area of pnstongsl at  the head of Hanuti River was not visited 
by the writer, and the follawjng description is taken from the mport 
of Mendenhall: who traversed the region in 1901 in the mum of a 
llecollnaismnce from Fort IIamlin to Kotzebae Sound: 

About 27 mila by rlver west of the partage fmm the head of the Dall the 
Kanntl River enters a canyon nearIy 30 m l l u  long., cut la rocks of a entirely * different from any encounted In extensive bodlm elaewhwa Very cornpact 
greeastonw of doubtful origin and aonle finegrnEoed p~r@clasttcs occnr at the 
head of the cnnyon. These are Intruded by rlloritlc rock~l corn- of green 
hornblende and plagloclnse nnd nre nucceeded downstream, by compact and 
vesicular baaalta and detrltal rocks in the form o f  volcanic tuff8 md hornston- . . 
veined wIth quartz. The hornstone resembles nome p h n ~  of the schist nerles, 
but its indurated character Is regarded as the result of lntruslve masses in its 
immediate vlrlnlty. 

The greater and much the m&t cowlcucln~ portfon of the Kannti erim Is 
made up of Lntnidve rmka. 111 cprt~in preminent hilla * * there we 
ma- 05 ultmbmlc rock, often much altered to serpentine, but identiliable In 
particular cuses aa pywxenlte and hornblendite. * * * 

Greenstones ant1 ietrustve Wim, the latter belonging to diorltic or gabbmfa 
magmag, contlnue to form the vnlley wdls downstream from the oormrrenm jest 
deserikd untll the rlwr pmea out into the lower flats, * * where more 
rmnt lnvas and tuffs occur. 

Anlsolated hill, 800 or 900 feet high, around whose southern base the river 
flow8 just before entering the flab, PI, the laat outcrop exarntned which belong 
to the rocks of tbla tSpe. It pro- to be a mass of serpentine with much later 
Intrudd d i a b e  

* - * I 5 1 * 
The rocltnr which have been ~~ to@w here as the Roanti mrim am very 

dlwrse In mode of mmrenre, bnt with the exception of the hornatonea fie- 
mribd ahve  they are generally basic igneons rocks or their pyhclastlc equlva- 
lents. The OM& members are tbe greenstones and hornstones, which exhlblt 

' consldernble nlteratlon. Younger than the& are the masair-c mbbcolc rocks 
(end the serpentlnes derived from them), which are regarded as intrusive la the 
bedded geenstone members, wWe the recent rocks of the msiee are the 
basal% basaltic tujT& and &bases, the latter intrnshe In certain i!mhncee in 
the serpentine% 

m m  rnMIrnIPk n m  &ma 

Dark igneous rocks and greenstones rnxur in s belt abut 6 miles 
wide east of Melozitna River at  tha latitude of camps 20 and. 21, 
While these mks include true greenatone+ the pxedominant tm 
are dense, analtered hornblendic rmks of uncertain form of occur- 
mce. They are intruded along the line of the writer's traverse by 
one large and many small dilm of granite, which h w e  produced * 

strong local alteration of the basic ign~ous rocks. 

aMendmhaI1. W. C., Rmmnalsslmce from Fort HamIin to Kotnebae B m d ,  Ala*: 
p. B. Gal .  Survey ProL Paper 10, pp, 87-88, 1902, 



The uplands extanding eastward from the Meloxitnrt.Cmyon are 
composed largdy of greenstone. Specimens taken from the ridge crest 
overlooking the Yukon 6 to 10 fniles east of the Melozitna prove to . 
be chamcteristic altered diabase and kindred pyroclsstic rocks. The 
textures range from coarae to h e  and the colors from dmk green or 

*P ' 
gray to light green. These rocks apparently occur over a consider- 
able area at this locality, but their actual extent has not been de- 
termined. 

OOLI) mzz AXEA. 
L A considerable area in the Gold Hi11 district, at the head of Grant 

Creek ma farther west, is occupied by dark-colored, more or less 
altered igneou~ rocks. The o d y  expowres seen are isdated outcrops 
on widely separated hills, and little could be determined as to  the 
continniQ of the formations between the outcrops, the form of their 
occurrence, or their relation to the metamorphic rmks that crop out 
along the Yukon. However, some of the rocks exposed consist of 
@tared diabase, similar to types that occur in the Fort H d i n  area, 
and ImlIy these raGks probably constitute most of the series. Black 
hornblendic rock and diorite occur in some of the exposnres, They 
are  but slightly altered and are believed ta be younger intrusives . 

cutting the bedded diabasic greenstones, . . 

Blrsic igneous rocks, some of which are to be classed as, greenstones, . 
" fomthecrmtof theuplandslOmilesnorthofTanana. Theareaof 

their ocmmence has not been outlined, but apparently they occupy a 
belt of considerable width trending in a northeasterly direction. They 
are massively bedded m d  resistnnt to weathering, forming prominent 

- topographic features dong the divide between Bear Creek and the 
upper Tozitna. The apparent trend of the formations would carry 
them muthwestward into the not didant Gold Hill district, and it 
may be that they represent n continuation of the fonhations that 
occur at the head of Grant Creek. 

e The s tmct~r~ of the greenstones and allied formations in the sev- 4 

era1 amas of their occurrence hns been discussed under the preceding 
headings. In summary the data indicate that these rocks generaIly 
represent massive-lama and pyroclastic material, originally depositd 
in approximately horizontal strata. Intrusive bodies, varying in 
sim, are widely distributed in the rocks of this class, and locally they - 
exceed the bedded volcanic rocks in amount. The assemblage has 



everywhere been strongly deformed, resulting 'generally in a mrked 
tilting of the beds and, at least lwnlly, in closely a p p d ,  over- 
turned folds and a secondary shistose structure. The development 
of secondary structure is far less general end intense in the green- 
stones than in the rocks of the metamorphic complex. Althbugh this 
may be explained in part a s  the result of lithologic differences, it 
seems highly probablc Chat the greenstones hnvo not been subject to 
all the diastrophic activities that have affected the complex, I. 

# 4 

Gkmtones similar to thase of ths Yukon Koyukuk region am 
wideIy distributed in interior Alaska, but aa a close age determina- 
tion has been possible in only a fcw places the definite correlntion of 
widely separate areas is obviously unsafe. The greenstones of the 
Yukon River section were first described by spurn as the Rampart 
mries, which he provisionally referred to the Silnrian. Later inves- 
tigutions have shown that there may lm considerabIe diversity in age 
among the pendanes and that most of them are Davoiian br, 

,. younger. The greenstones of the J'l?rite Mountain area, in'tb? 
Yukon-Tanans region, are regarded ns members of the Tatalinn 

- group (Ordovician?) by Prindle: who distinguishes them frorri 
other greenstones of the Fairbanks quadrangle that are thought to be 
pf Devonian age. Brooks and Kindb-report that p n s t o n a  of 
the upper Yukon are associated with limestones of Middle Devonian 
age. MendenhalI concludes that tho greenstones of the Kenuti group 
are younger than tho schistom serles of the Kanuti-D~l1 divide, which 
are probably early Paleozoic, and refers them to middle Pdemoic 
time. - 

The penstones of the Yukon-Hophk region nra probably 
younger than the metamorphic complex, which includes members 
of Devonian age. This relation is indicated by the lesser degree af 
physical alteration of greenstones wherever they occur in consider- 
nbEe areas. The metamorphic complex includes greenstone and 
greensha schist members, which are to be regarded "as of earlier , 

origin than the more distinct'geenstone series. 
The significance and relations of the greenstones are probably best 

indicated by regarding them as the product of volcanic outbursts "c' 

in more or less widely wparated localities during a consider~btble 
period of getllogic time. At certain times nnd places conditions were 

-. 
1 Spnrr, J. IP., Geology of the Tnlmn gold dlmtrlct. Alamka : IT: 8. Geol. hfarpep fClghtmntb w 

h. Beak, vt. R, DV. 156lt39. 1898. 
=Prlndle, L. M., A prolodc recmnalwalrce of the Falrbanka quadrangle. b1aaka : a. L 

Wl. Guwey RuIL 626, pp. 51-52, 1913. 
s B m k &  k 17, end Rlndte. E. M., The Paleozoic nnd aamlrtted rwks of the upper 

Y a o n  baain : Gwl. Soc. America Bull., vol. 10, pp. 281-284, 1W8. 



favorable for the accumulntion of marine sadiment between sncces- 
sivd outbursts; at other times conditions favored the reconding of 
onZy the igneous activities. In places a rather deWh transition 
from one sst of conditions to the other is apparent in the relations 
of a, predominantly sedimentary series below and a predominantly 
igneous series above. The timing of intermittant volcanism and the 
rate of ecxumalation of igneous etrata are capable of variations se 
wide that it is obviously unsafe to designate the age limits of thesre 
activities. mey may have begun as early as the Ordovician in 
some I d t i e s  and probably eontintled in the same general regions 
through the Sizarian and Devoninn and pwibly ,later Paleozoic 
peria;ds. They probably reached a climax in Devonian time, when 
the rocb of the present major greenstone areas ware laid down. 

The older granites of the Yukon-Koyukuk region ace a e i a t d l  
amUy with the meiamorphic complex and the greenstones east of 
Mel&tna River. They are designated older grnnjtes owing to the 
wide occurrence in them of gnei.Gc and achistose phases, which in 
mrany places exhibit n degree of physical alteration comparable to 
t h ~ t  of the Pnleozoic or older metamorphic rocks, and in' order to 
distinguish them from the unsheared gmnitic intrusives west of the 
Molozitna, which are dearly of late Mesoeoic age or younger. 

The areas occnpid by the older granites are generally indicated 
on the map {PI. II, in pocket), and in plam the gneissic and 
mhi- ph- are distinguished from the unshea&d types. The 
altered phases tend to form the peripheries of the larger batholiths, 
and the unshenred rocks compri* their central srew and mnny 
amaller intrusive bodies. Undoubtedly there are many mnller iso- 
lated areas of sheared granite included among rocks of the meta- 
morphic complex, but owing to the difficulty of distinguishing them 
from the other metamorphic rocks they are not shown on the map. 

The principal development of the older granites is in a broad 
b l t  lying midway htween and parallel with Melezitna and Tozitntt 
rivers and continuing: northeastward to the Ray-Kanuti divide. The 
two l a r m  areas f o m  the Hokrine and Ray mountains, resp&ively. 
Granitic rocks are reported to border the greet Melozitna-Tozitnn 
lowland on the ~outh, and probably the Ray Mountains area extends 
muthward to the northern border of the flats. It may be that the 
lowland itself is underlain by granite and that the appamtly sepa- 
rate major areas are only the exposed parts of tt great 'batholith that 
extends froni the region of Melozitna Canyon to the headwaters of- 
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Ray River. The topography of the unmapped region west of the 
Yukon in the vicinity of the rapids indicates tha p m n m  of @tic 
roclcs over mnsiderable areas. 

. The older granites exhibit a considerable variety of structuml, 
textum1, and mineralogic asp* as is to be expected of widely 
distributed and more or leas mmpmite intrasive. masrses that TRare 
developed during a long p~od of i p m w  d v i t y .  The most 

' . obvious basis fop subdividing the assemblage lithologic~blly is that of 
secondary st;m$,are. The more central parts of the larger granitic + 

mas= and many of the smaller intrusive bodies are unsheard granu- 
lar roch,  while in p I w  the margins of the larger mas= and prob- - 
ably many unmapped small intrusive bodies have developed strong 
gnei&oid and schist-ose structure. This distinction hws been ~hown 
in the mapping so far as the available data permitted. 

' 

The textures exhibitsd 6y both sheared and unshbrersd granites 
include coarse and h e  equigranular fabrics and a @at r a g e  in 

. parphyritia development. The her-grained rocks are ge~1araU.y bor- , 
I 

rler phases and younger dikes that intrude the more ~ & P B  hdiw. , 

The smaller isolated intrusive bodies are also h e  p i n e d  as rt rule 
and me withont notable porphyritic textara The mare massive 
bodia  of the granite areas %re generally coarse grained, and certain 
phases hhat occupy extemive areas am remarkable for' the great 
size of the component crystals. Many of the quartz c@,ds and 4 

aggregates are an inch or more in diameter, and throughout large 
. masses the feldspar c~aIs ;whicB form the larger part of the m k ,  

measure 3 to  6 inches in longest dimension. These phases are not 
pegmatites but normal granites of unusually coarss crystallization. 
Porphyritic -re is of common occurrence in both coarse and fine 
grained unsheared granihs and is indicated in the gneimid and . schistme phases by chsracteristic quartz and feldspar augen. A 
typical medium-grained porphyritic granite and two aupn gneiss 
$we9 of pprobably the s m e .  type of rock, collected between camps 
15 and 16, are illustmtd in Plate V. 

$he mks of this awmblage have coasidembb range in compk- 
tion. The most widely prevalent vprieties are biotite granites, which 

Y contain quartz md orthoclam in about equal amounts and plagioclam 
and biotite in smaller amounts, as shown. in Plate V, C. Other 
pham contain mom plagioclase and also hornblende or augite and 
grade from grmita into monzonih and &orit& !l%me lem silicic Y 

>haws are, however, of minor areal extent. 
The pbenaqsts of the porphyritic mck we conugon3.y ortho- 

clase and quartz. The orthoclttse erydds generally show Carlsbad 
twinning and mb decided pinkish color. The feldspaw of the coarse- 
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-gmined granites have the same characteristic, the color being so p m  . 
. nounwd that s deep p a  tone is imparted to whole rns&ve out- 
'=-P 
The gneiasoid varieties agree closely in both mineral arid chemical 

composition with t h ~  granitic rocks from which they were derivd. 
Their alteration was mainly in the nahilre of physical granulation 
and rearrangement of the component crystlab by flowage. The more 
schistbse varieties, probably including the sericite whisk, have been 
developed from granular rocks in part by physical alteration of gome 
of the comgonene crystals but more largely by recrystallization and 
moledar rearmngement of the component elements. It is notable 
that quartz augen are more persistent than those of feldspar, and the 
prwance of fairly defmita quartz augen in some of the more highly 
nltered md doubtful schists favors their interpretation as granitic 
derivatives in which the feldspar materials bave entered into the 
composition of sericite and other wondary minemla 

\ 

STRUCTURE. 

=.older granites me in general intrusive in the members of the 
metamorphic complex and greemtones. The larger areas include 
great batholiths, some of which are simple in form while others are 
a complex product of sucmsive intrusions. Younger dikes m u r  at 
frequent intervals cutting the more massive bodies, and in places 
'their variety is great and their relations very complex. They are 
urmdly thin and persistent in form for long dktance~~ The srpaller 
gmnb bodies am generally simple dikes or silIs of thick lenticular 
form. No thin pershht dikes were recognized in tk metamor- 
phic areas. 

The massive granites m e  strongly jointed. In the area at the head 
of Ray River the mrtin joint systems strike N. 60"-$0" W. and 
N. 10"-90'. E. A third system has developed almost horHmtd planes 
that in places - am c l d y  qaced and give a laminated 'appearance on 
weathering. (See P1.111, B, p. 12.) 

The mndary structure of the gneissoid and schistme members 
generally trends parallel with the margins of the granite meas. In 
the Ray Mountaha along the route westward from the headwaters 
of the Ray this structure trends from west to N. TOo W. In the 

, Hokrine Mountains near the Yukon the trend is northeast. The 
gneissoid structure is perralIy developed along the peripherie~l of 
the larger granite ttraas. Rocks probably representing altered 
granite dikes occur among the membrs of tha metamorphic complex 
md are similar in kind and direction of gtrmcturs to the wociatd 
metamorphic rmh, 

' 

No primary gneiss is h o r n  to occur in the region. The meissoid 
and =histom shcture found in granitic areas are purely of sec- 
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mapped some large areas of granite in the Circle quadmgle, in the 
dgion of Charley Eivq intrusive in rocks which are pobably 
equivaZent to the metamorphic complex of this region and which, 
locally & lead, have developed gneisic phases about their bordem. 
Augen gneiss is a h  an abundant element of Prindle't Birch Creek 
schkt, corresponding in a @nerd way with the undiffersnti~ted 
gneisses and sericite schists of the Yukm-Koyukuk metamorphic 

m complex. 
m Z M C  BEDINXXTABY BOCKS. 

DISTRZRaTIDN. 
? 

Mesozoic sedimentary roclrs constitute the visible bedrock of the 
entire region between Melozitna and Hoyuknk rivers, except in the 
areas occupied by granitic intmsives and the belts of indehminate 
contact rocks surrounding them. The e&m boundary of the 
M m i c  rocks follows the main mume of the Melozitua for much of 
its length, but idly they appem for a shad distanm east of the 
river. On the north they are probably continuous with the Mesozoic 
roelns exposed along the Koyukuk Mow Alatm River, The uplands 
formed by the Mesozoic dimentary rwhs break 0% and disappear 
toward the west at  the border of the lowland plaiw of the Koyulruk 
and its principal tributaries. Similar rocks crop out at Bishop Rock, 
s prominent bluff on the north bank of the Yukon 12 miles above the 
mouth of the KO-, and ngrtin 'west of the Koyukuk for about 60 
miles above its mouth and west of the Yukon in the Kulato region. 
It is highly prob~ble that the alluvium of the intervening lowland 

. plains is generally underlain by the same sedimentary mries that 
- forms the bordering uplands, so that the actual extent of the series 

in the tegion may greatly exceed that indicated on the map. 

These rocks compriw an apparently conformable sedimentmy 
swiss of p a t  thickness and of great diversity in the lithoIogic char- 
actex of the mponent formatiom. The tmw of the mries, where 
recognized, is a massive conglomerate of coarse texture. This is over- 
lain by a great thickness of finer beds, including conglomemtss, grits, 

'C 
sandstones, shales, and clays. 

The thickness of the mries was not definitely determined owing to 
the generally complex structure and the limitations of a reconriais- 

. sance survey. However, the data at hand indicate that it is extraordi- 
*- narily great. A p t  number of formations 50 to 300 feet thick ware 

noted at m v d  lmalities, and peculiarities in lithology and s u m -  
&on wsn to distinguish the assemblages of diEemt lmalitiw as 
mparate parts of the series. Unless the diflerenms between the rocks 
of adjacent areas are to be accounted for as due to lateral variation 



in &a a* of individual beds, the exposed formations of tbe aerim 
must have an aggregate thichess of many thousand feet. !This prob- 
ability is supported by the striking pmistenm in form and character 
of individual beds noted in Werent parts of the region where their 
drike was followed for miles. The persistence of formations is hdi-  - eated also by the continuity of chrsraGtsristic topogrtaphio featurn 
which are deve lo~d  on the mtmwp of certain beds. 
The basal conglomerate mges  in thicbess in e x p w  h i o m  

from a few feet to abmt 60 feet. Its materids in some plam am 
well worn and assorted, but generally there is a great variation in 
their size and mymt of wear which, with their rude stratifi~tioa, 
s u g w  a marine origin. The fomntion is such nns would be pro- 
dnced on. a shore line thak advanced by destroying pronounced sea 
cI i Rs. 

The finer beds overlying the cong1omerate &ow be- -t 
of materials and may represent offshore deposits that were laid down 
contemporaneously with another part of the basal conglomerate a 
short distance away. Still higher in the series are cross-bedded sand- 
stones and conglomirates characteristic of ~tream deposits, inter- 
bedded with finely laminated sand&onw and shales that are evi- 
dently the product of sedimentation in more quiet waters, either in 
the lshrs1 basins of aggrading dreams or as the bottom-set beds of 
advancing deltas Probably the whole series was laid down in BI-A 

that was subject to inkrmittenk subsidence. At one t h e  a 
markd subsidence produced marina conditions, and at another a 
period of stability permitted streams to build deltas and extend their 
flood-pl~in deposits over areas that had just p1peviou~Iy received 
marine sediments. 

m o m .  

Tkare i~ a p a t  diversity in the lithologic character of the varioua 
fornations af the series. ' In t e d m  they range from the maw basal 
conglomerate through finer conglomerates, grits, s~ndstones, and 
s h a h  to  impalpable gritless clays. Tha sandstones and shales con- , 
stitute much the lmger part of the series, the conglomeraks and grits 
nre next in abundance, and the clays a f i  developed in thin strata at 
only a few places. 

The basal conglomerate is made up of bowlders of granite, g n e k ,  
nnd a great variety of metamorphic rocks, such as omnr generally 
in the region east of Melozitna River and probably form the floor on 
which the wries resta The finer conglomerates of- the series consist 
mainly of quartz, indicating a, distinct modo of origin in which 
wenthering, transportation, and assortment figured more largely than 
in the formation of the basal nlember. 
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The h e  beds immediately above the basnl mnglomerate contain 
I 

a p t  variety of rnaterdq including quartz and feldspar grains, 
femic minerals, and fragments of chert, quartzite, md d e m  igneous 
rock .These beds are such as would be formed by a greater mmmi- 
nution of the materiala of the basal conglomerate and point to con- 
tinued sedimentation from the same souroes. 

The sandstones throughout the series are generally feldspathic, and 
mma of them approach true arkose in composition. They vary in 
compcwition, however, and some varieties consist of almost pure 
quartz sand. 

The shales are g e n d l y  dark-colorad gritless rocks, largely of 
carbonamus varieties. Some thin beds mopping out in the upland 
mrrth of Indian River mntain so much carbon that they resemble 
coal in appearan%. Other shale member8 are arenewus, and one 
thick bed above the Mel6zitna Canyon has round quartz pebbles scat- 
t e d  through it, singly and in thin lensea. 

The series is mamively bedded for the most pgrt, but locally a close 
horizonkal lamination is evident in the sandstone and shale members 
und a strong croas-bedding in the b e  mnglomerak Some of the 
mddones also are cram-bedded, and the basal cmglomezztte has a 
rude development of the same structure. Alternating beds of thin 
smdshne and shale farm a considarable part of the geriaa in plmq 
as oevIndisn River at the lower end of the canyon, where such an 
~mrnbllage, several hundred feet thick, omurn 

The surfaces of many of the smdstone beds show ripple marks and +. 
pec~iliar lobular structures and striations whose origin is not clear. 
Some of these may represent f lowae on steep depositional dopa 
prior to the deposition of the succeeding beds. Others apparently 
b v a  been developed by movoment along th6 planes between atrata, 
probebly before induration h d  t ~ k m  plm. 

Clea~rtge struct~we is common in the ma&- E;B,~- and 
shales. Many of the aandshneg break u p  into conchoidal plates, 
and. weathered mrfaces are-marked by shallow bowle and basins 
m v e d  feet across, The same structure on a smaller scale develops a 
fiae hlus of wnchoidal chips. Tba thinly bedded mdstonw, how- 
ever, generally have a straight claavage. The shales are generally 
indurated so thet the bed- planes are unrelatd to cle~vage. 
Some of them have simple d ~ t y  cleavage mid others break into long 
pencil-like fragments owing to a more complex swwclary 8tructum. 
.The series as a who10 has been strongly deformed. In general tt 

c l m  irregular folding is indicated, probably mornpanid by fault- 
ing. !l%e structure of the beds along the west side of the Melositna 



VaUey mg-, that they owe the i~  p m n t  position with r e p &  to 
the older be& =st of the river to pronounced faulting. 

- 

Them is more or I- confusion ~mong the gtrucfurtal trends domi- 
rutting different &ions of the region. On the upper Melozitma near 
camp 22, where the series was first encountered, the structure seams 
to be in the fo+ of narrow canoe-shaped folds with the axes trending 
N. 45" E. A little to the west, on the divide at the head of the 

- 3Ienttsnontli River easterly gtrikes and a northerly dip prevail, and 
still farther west, on the headwaters of Indian River, the strata dip 
northemt and strike N. 40a400 W. The ensterly structum is strongly ' . 

developed along the west side of the MelozEtna, Valley, southward , * 
almost to  &0 Yukon, where it givear way to northemhr1y trend%. 
Near the areas of gramitic intrusive mck the beds a ~ e  highly con- 
torted and their original structure is entirely obscured. Pronound 
secondary structure is developed in arch situations, including Bow 
structure, schistmity, and slaty cleavage. , - 

XETAMORPHIEM. 

Two distinct types of metamorphism are evident in the rocks of 
the region that are here classed with the sedimentary series. A 
M o n a 1  alteration of mild intensity, probably incident to the major 
deformation of the series, indurated and developed secondsry stmc- 
ture in the more susceptible beds without notably affecting their 
chemical or mineral composition. It had little or no effect upon the 
resistant mndstones and conglomemte, but it altered s h a h  to d a t a  
and kindred m k  Qpx. Very lo~ally along the axes of folda a slight 
schistosity w w  deveIopBd, 

The rnetRmorphism of the ather tpge, dm to igneous intrupion, 
is mom locafimd in its e x p d o n  but of dxikhg inhnsiQ. It 
nffected not on1 y the stmct~~w of the original rocks, but also their 
chemical and mineral composition, producing rocks so greatly differ- 
ent in character that their original nature is not directly evident. 

I 

The g a n i t a  of the &on wegt of t6e Melozitma, a m  sumunded 
by broad irregular zones occupied by a peculiar asemblage of ? 

racks that were probably developed from &+mimic sediments by 
igneous agencies attending the intrusion of the gr~nitic magme. The . 
characteridc development of th ia  ammblage adjacent to the gran- I 

ites, where mmktakable mdimsntary beds are involved and the 
metamorphic iduence of the intrusions is clearly indicated, lends 
to  the condusion that the mme agencies ~ c t i n g  upon sirniIar rocks 
have produced the peculiar types of the assemblage wherever they 
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appear. The kn- a r k  of these rockq which fa convenience are 
termed contact rmks," are indicated on the map (PI. II, in 
p k e t ) .  Although they am generally developed about the intrusive 
e e s  they also &mr at  considerable distances from the visible 
contack It may ba that the areas mom distant from known m a a s  
of p n i t e  have been influend by intrusive bodies that lie consid- 
erably M o w  the present surface or that are obsct~red by mil and 
ve~ tab le  covering. The graniks of the region do not have the bpo- 
graphic prominence usually to be expected of m k s  of this typ< SO 

that intmsives related to some areas of the contact rocks may not be 
* discovered in the absenm of detailed areal surveys 

The wntact rocks include a considerable variety of typea Tha 
- most prevalent are dark-colored laminated rocks in which small 

lighter-colored phenocrysts are mattered sparingly through a dense . 
groun+nagfl. Some are entirely dense, re~ernbling the groundmas 
af the prphyritic type in composition; others a? but slightly a!- 

' tered axkosic sedimentary rmks in which the  characteristic structum 
is recognizable, although here and there a dense groundmtm is devel- - 
oped in the normal. Or slightly enlarged interstices Along the con- 
tacts with the main granite masses and numerous smaller &Ires and 
in indefinite zones traversing the contact rocks there are mlts con- 
taining considerable amounts of granitic material. These rocks con- 
tain feldspars and femic minerals, and there are varieties that diflefer . 
from the typical granites only in the relative a'bundancs of their 
common constihen& Still another phase of the contact racks$ ~ n c l  
one that is of spwial significance in their htmpretation, is a vitreous 
quartzite formed by rewnsolidation of R quartzam conglomemte. 
In p l m  ths quartzite contains @mitic materials in maU irregular 
stringers and in the h t e d o e s  among the original pebbles. Tfie " 

pebble forms am not generally distinguishable near the contact with 
the grsnite or in ceh in  zones that exhibit flow structum. In other 
hitnmtims they are more or less distinct and the formation i s  tmce- 
able directly into unalitered phases a mile from the principal contact, 

The metamorphism attending the granitic intrusions is plainly in- 
dicated by the quartz conglomemte and the h e r  sandstones and 
;hales sasociated with it %here they abmt against the principal granite 
mass w& of tha head of Fmnhontas Creek. Near the mntact, the 
conglomerah is reduced to a solid .Fitreeus quartzite in which the 
original strrrcture is effaced and secondary structure is induced. m~is 
condition prevaiIs for mom than 100 feet. Beyond this the - form of the pebblw csn be more or less clearly distinguished. E n h -  
sion of rn8grnatic materials into the congIornemte is indicated far 
~ v e r a l  hundred feet from the contact, and n pronounced induration 
and silicificntion extends for over n mile farther. The h e r  impure . 
d h e n t a r y  beds associated with the conglomerate were profoundly . 



dted for even grater distances from the principal contact. Their 
original structure was effaced, secondary structure was induced by 

. flowam and the dense, porphyritic igneous aspects characteristic of 
the whole assemblage were t&m on. 

It was impossible to  collect a compleh series of spc ime~1~  from any 
single bed of the h e r  gediments to show the gradation in intensity of 
aIteration away from the grmite, as in the conglomerate bd. Bow- 
ever, series of specimens from mentially similar beds were p m u d  = 
that throw considerable light on the nature of their alteration and 
the various &ages of the process, from the simple induration of the 
arkoses at the margins of the metamorphic zones to their most pro- . r 
found alteration at the contact with the intrusive rocks* 

In the leaat-altered phases of the typical ark- of the sedimentary 
series an induration has taken place by the development.in the normal 
or mmewbnt widened interstices of s glass or finely cr$shlline ma- 
trix. In the more altered phases the matrix is de~eloped in rd&vely 
greatar amounts, €he quartz ltnd feIdspar gn ins  are jsolated, and the 
quarh grains &ow marked corrosion. A gradation exists in which . 
the puartz grains approach complete m r p t i o n  and the ma& is 
developed in pqgesively greater proportions. In still mom ad- 
vanced phases the more ecidic of the feldspars are more o~ l e s  re- 
sorbed, the original basic feldspars are persistent, and wconda ry basic 
feldspars and other-minerals nre developed. The persistent bmie 
feldspars, the secondary feldspars, nnd masses of epidote and chlorits 
that replace some of the original minerals of the ark- impart a 
porphyritic texture to the m k ,  and the glassy or finely cqstalline 
matrix, developed by the destruction of much the larger part of the . 

origimI constituents, forms the groundma=. 
The alteration of the other Piedimentary beds is less dearly traced, 

but apparently they are represented among the assemblage. in the non- 
porph-ritic phasa and in the porphyritic phases that carry only m- 
ondary minerah as phenocrysk 

Although the genesis of the so-called contact m k s  of the region 
as outlined seems reasonably clear, the areal extent of the assemblage 
points to a mom far-reaching metamorphic efled of intrusive mag- 
mas than is generally to be expected. A detniled study would un- 
donbhdly b e l o p  the t m ~  significance of these rocks and, if they are 
aPZ of igneous metamorphic origin, the unusual conditions to which t 

the markable igneous activities were due. Fending such an inres- 
tigation i t  may h well to state certain altsrnate h ~ o t h e s e a  that have 
been qqgided to the writer to accomt for the occurrenoe of this .I 

amrnbla&~~ 
If thew mch are not sltared sedirnent~'~uivl~1entnt to certain mem- 

h m  of the maltered series in the adjacent areas they must bs either 
, a different class of mks of contemporanwus development or else rn 
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seriw old@+ than t4e unaltered sediments. It has been slugpded, on 
the strength 0th m b l a n m  of certain msmbem of the group ta 
bdio layas, that they repmnt volcanic effusiva rocks deveIoped 
locally in the general d k e n t a r y  area at  the time the surrounding 
beds were laid down, and that the granites represent a recrudescence 
of igneous activity at the same centers. Also it is suggested that they 

. may represent en older igneous series that has been exposed by the 
emion of local antidines produced by the intrusion of the granites. . 

There are many ro6h in this group which, if taken alone, would 
be pronounced igneous by m y  competent petrographer. However, 
as many of the rocks more or less characteristic of the whole assem- 
blage am lmown to have been derived from sediments, and as Iwally 
the evidence of extensive igneous metamorphism is unmistakable, 
the conclusion m s  justified that the phenomena, determined Iocally, 
were of more widespread effect; that the assemblage ai rt whole wns 

, 

developed by the igneous metemorphimt of members of the bIesotoie 
sedimentary series ; and that the occnrrence of true basic l a w  in the 
assemblage is doubtful. 

The only fossils collected from the sedhmtary series in 'the 
Yukon-Royukuk region have been obtained from the M o n s  ex- 
p o d  in the bluffs of the rivers-bordering the region. Numerous 
colIections of fossil plants and h~ertebmtes from the Yukon 8ec- 

tion below the ~e loz i tna  have been determined, and the sge indi- 
cated haa been pieither Cmtamns or questionably as young as b-1 
‘Ems Reports on coIIections made in this &on in 1901 by 
W. W. Atwood and the writer are given belorn : 

The inverkbmh fonsib mere determined by T. W. Stanton as 
follows : 
4784. No. 23. Five miles nbve  Louden shtlon t 

Ostrea, 2. 
Aetarte? w. 
AE the two fpcles of Ostrea in thls lot occur at other 

plrtce~ aswiated with charttcterirstic Cretaceous fossils, It ' ' 

. is safe ta refer them to the Upper Cretaceous. 
4ma NO. amop  ROC^ : 

This lot cons[& of numerous speclmena of Panoplpa and 
ane of Cucullnea?. PcevIoa collections from the BRme plrtce 
have yleldwl these speclw and others that are more c h p ~  

# actertntic, including Trigonla and Sonnerstla, which show , - 
that the beds are of Upper Cretaemns age. 

The f a i l  plants wers determined by F. H. Knowlton as follows: 
No. l%. Ten mil= below bfelazl statlon : - 

Oinkgo mult1neMs Heer. 
Porlozamltes? m. 
Dlcotyledonom fragments. 
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No. 20. Twelve mfla below Meloel ntauon : , 

Platmas bwrft Lesquerenz 
=Ypbua m. 
Qn- sp- 

Upper Cretamns. 
Na 22 Five mtles above Louden station: 

Dfcksonla'l sp 
Podmmifm laneeolatus ( UndIey an8 Hutton). 
Xam I tes sp. 
Gfnkgo sp. 
Sequoi~ w. 

G r e t a w u ~  
N0.22a. F l ~ e  miles above Louden station: 

PoClozamlta lanmlatus (LIndlw and Eattan). 
Crctaceons. 

Na 24. Bishop Bock, 10 mllecr above month of Koguknk : 
One ~peclmen only, Sequoia snbalata Heer. 

The persibste~ca of the essential chamckristics of the a r b  and 
the apparsntly unbroken stratigraphic wpenca of its member8 b- 
tween the Yukon and ICopkuk sections mgg& that it may r e p m n t  
w ly  lab Mesozoic and possibly only Upper Chtaxmmus mdimentatiow 

Schrader was the first to recognize Cretaceous rocks in the K o p -  
kuk region, Thm he divided into the Koyukuk series (Lower Cre- 
taceous) and the Bergman series: which he considered younger than 
the Roynhk and more probably Cretaceous than Tertiary. Cre- 
tamus rocks are extensively developed in the region lying; ta the 
north and northwest of Koyukuk River, and westward from the 
lower Royuhk and the Yukdn at Nulato to Norton Bay, where they 
are known a;s the Shaktolik group."viclentl y the d i m e n t ~ r y  
series of the Yakon-Koyukuk re@on repmnta an areal connection 
between the Bergman group of the Koyukuk basin and the Shak- 
tolik group of the Norton Ray-Enlato region. It &odd be noted, 
however, that these rocks m y  in part be of Lower Cretawua age, 
far Schrader4 found Lower Cretaceous fossils on th& KO- 

The Bergman p u p  Am bean traced westward from the Koyuhk 
basin into the Kobuk region, where it b found in extensive areas in 
the uplands south of the river for nearly its entire length, and in the 
front r a n e  of the Endimtt Mountains north of the Kobuk from 

1 hhrader, F. C., Frellmfnary report a renmnaia-ce. along the Chandlar nni f 
Koyukuk rivora, Alasga. in IMP: 1CI. 8. GmL Bumy Twenty-5-t Ann. R e p t ,  pt. 2, p. 
477, laoo. 

8chmder, F: C, A remnnabance in northern Alan-: U. 8. Wl. Btimey Pmt. ' 
Paper 20. UP, 77-74 1904. 

Smitlb, P. B., Tae Noatak+Eobnk e o n .  A l h :  U. 8. h i .  &army Bull. Rd, pp. 'I 

1 M 7 ,  1018. Bmlth, P. B., llnd Eakb, H. XI., A geologlc maamhanes In southenatern 
B e w a d  Pnnineula wd t h e  Norton Bay-Nalata regton. .Ala~ka: U. 8. Oeol. Burvey Bull. 

t 449, pp. M - O O ,  1011. 
9 8clirader, P. C., Prellrnlaarg report on a reeollnaimca along the Chandlat and 

goyukak rivtrs, Alneba, In Ism: U. R. G e d .  Survey Twenty-kt  Ann. mt., pt. 2, pp, 
476-477, 1800. 



Beaver Biver westward to the Mauaeluk Sediments of the Shah- 
hl ik type cover large areas on the lower Yukon, and a similar sefie 
occupies most of the I d i t a d  and Imoko district& South and wsst 
of them districts, in the Kuskakwim basin, are h e m  areas occu- 
pied by Cretgceous strata which Im1ly inclnds a considembIe amount 
of voIcanic effusive mk. A more purely sedimentary Cretaceous 
m f i ~  is found in broad areas on the Alaska Peninsula. Gmtaceou~ 
M s  m u r  also in the Yukon-Tanana region, on the upper Yukon, 
in southeastern Alaska, and in places Jong the north front of the 
Roekg Mountain system from Canadim territory westward probably 
t o  the Arctic Ocma 
In view of the remarkably wide distribution of Grehceaus strata 

in Alaska and the great thickness exhibited lo(:g,lly by beds of this 
age, it mems entirely possible that the Shsktolik and Bergman 
p u p s ,  together with their continuation through the Yukon-ICoyu- 
kt& region, represent essentially contemporaneous sadimentrttion in 
a single continuous basin. This broad generalization needs some 
qualiGcations, however, as it is by no means certain that the Greta- 
m u s  ~trata do rid include sediments of both Upper and Xlawer 
Cretaceous am and that these two epochs may have been =panted 

,by diastrophic movements, as shown below. 
The age limits of the series are not cIearly hed. T'; basal mn- 

glomerate, prcsumrtbly the prodnct of an encmcbing shore line, 
while the oldest member of the vertical &ion at every point, may 
vary considerably in age from plam to place. The oldest bed of 
the cmglomsrab that has yielded recognizable fossils occurs east'of 
Tubutulik River at the base of Seward Peninsula and pmvm to be 
lowermost Upper Cretaceous. h w e r  Cretaceous fosgils were coI- 
l&d by Schrader' from a pinkish limedune which is associated 
with amygdaloid lavas and andesitic tuEs on the wed bank of the 
K o p h k  a fern miles below Rughes. These rocks, which he includw 
with the Koyukuk group, of Lower Cretaceous age, show a more . 
intense defamation than tho Bergman group and presumably the 
Bergman overlies the Koyukuk unconformabIy. This interpretation 
is in accordance with the dbterrnined relations of Lower and Upper 
Cretacwous beds in other pnrts of Alaska, where genemlly an epocl~ 
of deformation and erosion is indicated between the e p d s  of sedi- 
mentation of the two ages. Presumably, then, the base of the Shak- 
tolik and Bergman p u p s  is younger than Lower Cretaceous. 

"She upper aga l imit of the series is lem certain Tbeir great thick- 
ness indicates a very long period of deposition, which may have ex- 
tended from early Upper Cwtaceoas time into the Eocene. On the 

1 %bra&, F. C, P r e l l m h a ~  mport on a ~ n n n l m a n c e  alone; the Chwdlar and 
Koyukuk rivere. A l t i ~ k a  In 1899: 8. R. Oeol S u m  Twenty-ant bna mt, pt. 2, p. 
477, 19W. 
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Alaska Peninsula sedimentation continired uninterwptedly from Cre- 
taceous to early Tertiary time, and it may be that the same conditions 
prevailed in the Yukon-Koyskuk region. Tertiary beds of consider- - 
able extent occur in the central part of the Kabuk bash, and Tertiary 
fossils have been colle&d from the lower Koyukuk m i o n  near the 
mouth of Rateel Riwr. However, the relations of these beds to'the 
Shaktoli k and Bergman groups am yet to to determined. It is not 
improb~ble that the latter may contain some of the earliest Tertiary + 

strata. The younger Tertiary beds of the Yukon sections have litho- 
logic and structural characteristi- that indicate n histov distinct 
from that of the Shagtolik and Bergman sediments e 

Y O r n G E B  

DT-ON. 

The major aman of the yonngm granites west of the M e l d h a  are 
' indicatsd on the map (PL IT, in pocket). The largest area e d d s  

across the northerly headwaters of Indian River and into the hnsin 
of Pocahontas Creek It represents the c m  p t i o n  of an imgular 
batholith with a general northeasterly elongation. The the other 
are= napped farther to  the south haw the same geneml form It; is 
impossible t o  show on a. map of ttijs male numerous irregularities in 
their borders, where dikes extend from the main bodies into the 

- altemd country ~ o c k ,  and there are numerous thin intrusive bodies 
apparently separate from them that are not mapped. The cumplete 
areal mapping of the region may bring to light addition4 a m  of 
grkite, rts these rocks are not conspicuous topographicaI1y and the 
obserrations of the writer were limited to a narrow' zone along the * 

line of traverse. 
momuT.  

The rocks of this class have rs great renga in texturn ltnd compwi- 
tion. n e  prevalent pham of the lrtrger intrusive bodiw are medium- 

- p i n e d ,  equipnular normal p n i t e s .  Variations m r  on the oni 
hmd inta pegmatitic and aplitic phases in which the dark minerals 
are practically absent, and on the other into dark granular rocks 
that carry hornblende and approach diarite in composition, The 
more granular phases are developed in the massive intmsive bodies. 
Fine-grained varieties are more common about the borders of the * 
larger masses and in the younger dikes that cut them and extend 
into the country rack The dikes are pnemlly of less dicic compo- 
sition and include dark-colored hornblendie rmks, indicating an ex- 
trerne differnutiation of the m q m a  during the perid of intrusion. 

A m ,  

The only evidence as ta the a@ of these m k ~  is their intrusion 
into the Cmtamus sediments y series. Premmably they am of late 
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Cdacmns or early Tertiary age, although they may be considerably 
yonngpr. In this mqwct they are similar to the intrusiva mIcs of 
the Rampart and Hot Springs districts, the diorites of Christmm 
M m t a i n  near the head of Norton BRJ, and the mommrlites of the 

- Iditad district. It is worthy of note that  some auriferous rninerali- 
zntion has taken place in the vicbinity of a11 these intrusives, includ- 
ing thosa of the hdim Riwr area. f 

t 
TRl%!FIARP 8EDmNTABY 

D r n I B r n O K .  

If earliest Tertiary stintn occur in the. Shaktolik and Bergman 
mdimentary series, as has been atlggeskl, the cmditims of d i m e n -  

, trttion, when they are laid down, must have he11 very different from 
those pmvsiling in later Tertiary time, when considemble areas of 
sediments wem deposited in tho eastern part of the region. Tertiary 
rocks occur a t  a number of place along the I'ukon, from the Pali- - 
mdas, 30 milea below the Tozitna, up to the mouth of Hess Creek. 
They are also reported to occur in the Ray River basin, and there is 
a small area on Coal Creek, a western tributary of D ~ l l  River, near 
its head, 

It is significant that all the ~Brtitiry rocks are deep in the pre~ent 
major erosional depression and thnt they are generally overlain by 
Quaternary deposits In the mapping many of the areas of them 
rocks hsve been exaggerated over the nctunl exposures in order that . 
they might appear on a map of this scale. This exaggeration is justi- 
fied, however, in that their extension beneath the Quaternary deposits 
is clearly indicated and the younger materia1 is in places of only a 
negligible thichess. If the Quaternary 'cover wem ignored in the 
mapping some of the Tertiary areag especially those just above 
Rampart, blow the rapids, and nt the Palisades b l o w  Taaana, 
should b greatly enlarged. The other areas as  shown more marly 
appr~ximate the actual extent of the Tertiary hds at each locality. 

The Tertiary beds include clays,  hales, sandstones, conglomerates, 
ttnd lignite. They are apparently of fluviatile origin for the most 

5 part, the coal beds representing vegetal accumulations in the lateral 
basins of aggrading streams. 

'The. DalI River area has been described by Maddren: who mys: 
C. 

!Fhw [&a] m p y  a ~ e ~ g  smrtll area In the upper basin of Dall R i m  on 
and near the lower pnrt of n rve~tl~trle trthutnry nflmed Goal creek. They 
mmprlw mft may, huff, or hlnck sllnlm atanding at nn angle of 30" and 

, 

1 Haddmn, A. a*, Tba Iinynknk=Cbnndalar region, Alaslka: n. B. Geol Snrwq Boll. 832, 
p. 66, 1813. 



d a t e d  w#th a heavy bed of ~lgnltlc coal nnd bone. No foasll plant mmninar 
have &n found In t h e  bed$ but became of theib llthologlc remmblance to 
aelI4etenuined s h t a  in other p u t s  of the Terrltorg, they are comldened 
to Mong to the group of Tertiary lignite deposits. 

The area in the Ray River bash is known only from the repow 
of prospectors. According to these men the outcrops are about in 
the center of the basin and consist of friable sandstone and shale 
together with seams of lignite. 

The a m  opposite the mouth of Hess Creek i~ indicated %y out- 
crops in the river bluff showing thin-bedded, dark-colored shales and 
mudstones, with which considerable ligaitic material is interbedded. 
Tha thickest seam of lignite has been mined to some axtent. These 
beds have an almost verticttl dip and strilie northeast. They have 
yielded fomils of Eocene age. 

On tho east side of the river Tertiary beda are exposed in the riwr 
bluff between 2 and 3 miles above Rampart. Them beds dip steeply 
to the northwest, so that a thick section in expoeed. They hclude 
loose conglomerates, light-colored friable sandstones, lighf-colored 
clays, thin earns of lignite, and beds of darker-colorsd shals. Their 

' 
physical aspect is quite different from that of the beds at the Hess 
Creek locality, owing to a Iesser degree of induration and B gener- 
~ l l y  lighter coloring. They have yielded fossils determined to be 
E w n e  or p b b l y  younger, Beds aimilar to those above Rampart 
occur about 2 miles east of Rampart on Hunter Creek, on the left 
bank of the Yukon a little below Rampart, and on both sides of the 
Yukon a few miles below the rapids and at the PBLisedes belaw 
Tanana, , 

On the right i d e  of the Yukon, h u t  12 miles below Rampart, 
there is a prominent hill which is probably c o m p d  of mdimentary 
roch of this type. No recognizttble strata, are exposed, but the talus 
over a considera bla Area is made up of wahr-worn bowlders and frag- 
menb of ferruginous sandstone such as commonIy occur in the better- 
known Tertiary beds of the adjncent region. 

The 'rediary beds of the areas enumerated include both thin- 
bedded and massive members that range in texture from the h e s t  of 
claps to coarse conglomerates. They p e r a l l  y exhibit considerable 
deformation, chiefly faulting and monoclinal tilting. Only in a few 
places is folding evident in broad synclines that trend in a ndrth- 
easterly direction. Tha dips are generally high, but locally the beds 
are almost horizontal for verg short distancles. No anticlinal struc- 
ture has been observed in these beds, and evidently they are but the 
downfolded or downfaulted parts of an original khick and broadly 
developed sedimentary series. 



DEBCRIFTLVE QEOLOOT. 

AQE A N D  CQRWJATION. 

Amrding to Arthur HoIlickL the beds under discussion are of 
T&T and &idly of E-ne age. In his repark he says: 

Prom the vlctnltg of Eagle down to Mlnmk Creek, j u ~ t  a h e  Rampnrt, all 
the collections of plants are identical In n w t h n t  la, they are all Tertiary. The 
flm is comparable with the Fort Union flam of the Stntw and wlth the melled 

* "Arctic Mlncwe" [ww recognlzd aq b h n e )  of Iceland, Greenland, Rrltlsh 
herlea, ond Almka. It Is  also comparnble with the flora from the type Kenal 
locality at Kachemak Bag, on Kenai Peninsula. 

H~llickaIso staW that thebeds which crop out across the Yukon from - Hem Creek are. Eocene, and that those in the river bluffs above Ram- 
part are Eocene or podbly younger. This sugwion  of a p k b l e  
age distinction between the beds of these two localities is in keeping. 
with their lithologic differences, the beds of the Rampart locality 

' king much leas indurated than thme near He= Cmk. The Ter- 
- tiary beds of the various lmlities downstream from Rampart to 

, tho Palisades are inclined to re6ernlble thm near Rampart more 
closely than the beds near Hess Creek, and presunably they also mmay 
be lragarded as p h b l y  yannger than Eocene. 

It mems probable that the Tertiary beds of this d o n  of the 
' Yukon bnsin constitute a fairly thick series and repreaent a consid- 

erabb part of early T e r t i a ~  time They are distinctly younger than 
the youngest beds of the Shaktcrlik and Bergman groups belo; the 
Melozitna, which are 'leither Cretaceous or questionably as young 
as basal Erne." The higher parts of the se~w include both faunal 
and floral elememts in common with the typical Kenai (upper Eo- 
cene), of Kachemak Bay, nnd, ns HoZlick suggests, beds still younger 
may be included in m e  of the sxtions. 

A 

A nnmber of different agmEies capable of producing detrital d e  
_ @ts have operated in the region with vnryhg persi&ce dnxhg 

Qnatemary time. Glaciers were developed in widely separated local- 
ities, and at some placas their action was intense. The preexisting 
drainage systems were pro fo~~ndl~  altered, mrne of them by local gla- 

? ciers and others, probably, by ice extensions from the Endicott Range 
to  the north and the Alaska Range to the south. As nn incident to 
the disturbance of drainage systems large R P C ~ S  were temporarily 

I inundated by d&ris=lrtden wnhrs Contemporary with the inunda- 
tion of the low-lying parts of the region and later during the &tab- 
lishment of the present drainage systerna, the adjustment of stream 

1 Unpublishefl report on emmba8on of Memmic and Tertiary fowrll8 from aboat 160 
lmlltlel  lo hlamka 
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gmdi~tlts by alluviation or 'by intrenchment has been c-mshnt and 
broadly e x p d  The exposed upIanRs have at all times hen 
mbject tO weatherkg under conditions peculiar to a subarctic climate. 

These agencies have contributed h the region tt highly complex 
series of unconsolidated detritaI deposits, which indude moraines + 

and glacial outwash, lacustrine silts and beach gravels, and s great 
variety of residual ~ n d  fluvial accumulations and which combine 
to  mantle &nost the entim region. The residual deposits, including 
the extensive talus a p m s  of practicnlly all tbe lower s l o p ,  the 
waste covering of the lower snd many of the higher hilla and rid= - and the peculiar terraced accumutations described later in #is re- 
port, are not shown on the m&p, owing to their almost univensal djs- 
tribution outside of the allnvisl arena and their essential identity 
with the underlying formations, Among the other depiwrih a single 
distinction is made, the recent dluvium of the pramnt &reams being 
diflerentiated smlly from the older terrace and glacial deposits, 
The definite genetic classification and areal subdivision of the gh- 
cia1 and terrace deposih would be a task far beyond the possibiIitiea 
of a r e w n n a k c e  survey. Rowever, while they are gmuped to- 
gether on the map, the distinctive characteristics of the va,rioualy 
f o m d  t y p  and the general featuw of their distribution will be 
dimseed in the following p a p  

The most extensive glacial depo&s are found chiefly in the vallep 
that head in the Ray Mountains. Smaller gleciers existed in the 
Kokrine Mounteins, which form the Yukon-Melozitna divide, and in 
the uplands a few miles northwest of the Melozitnta Canyon. At 
each locality the glaciers left characbri&ic depmih, but except in the 
Ray Mountaina the amount of material laid clown was insignificant. 
In the valleys of the Ray Mountninn there are many well-developed - transverse moraines, some of which are mom than 20 miles from the 

main divide. Belorn the lowermost expwed moraineg the valleys are 
comonly walled by outwash deposits, possibly including buried . 

moraines, in which the po&glacitll dreams have intrenched them- 
selves. Plate VI, A, illustrates such an extraglacial deposit that forme 
n broad, gently sloping ridge between two glaciated wegt tributaries c 

of Tozitna River near its head. The deposit consists of granite ind 
mhist bowlders and blocks, mme of which are so large- that they 
suggesk actual glacial transportation to their p-t position, which 
i s  considerably beyond the lowest exposed moraine. Plab VT, B, 
sham an erratic bowlder of lie;ht-colored fine-pined granite, partly 
polished, resting on a. hill of darker coarae-grtcined granite about 15 
miles from the head of tlie glaciated valley of the longest southerly \ 

tributary of Kanuti River. Adjacent to this hill, which apparently 
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surfsoes were dwekped by emion, and remnants of thasa &a&s 
mm still to be found in hrraoes and flabtopped features along the 
principal riwrs and in the basins of their tributaries. The lower 
terraca are n m a r i l y  of later development and are uniformly 
better preserved than thme at higher elevations. 'She gravel terraces 
are less subjmt to erosion and are to bg found generally at higher 
elevations than the silts, 

-G 
L 6 W  mTTRM. 

I UP a m  mum. 

Typical lacustrine silts and high-level gravel terraces occur in the r 

Ray River basin and on the Ray-Dall divide. T h e  silts form low 
torraces at the margins of the present flood plain and extend, with 
gradu~lly increasing elevation, out to the surrounding uplands, 
where they give way to gravel deposits or to hard-rock formations 
Remnants occur st elevations aa high as 1,000 or 1,200 feet above ma - 4  

level, and at lowar elevations there .are brmd areas occupied solely 
by silts, as, for imtmm, the broad pass lmding northeastward from 
the mouth of the Ray to the Yukon Flats. The topography of this 
depoeit i s  genemlly past maturity; the gtreams flow through broad, 
open valleys, and the intervening ridges are rounded md of uneven 
height, LocalIy, however, terraced f o r m  are sham,  with lakes and 
swamps lying on the flattened mrfaces. 
Th@ next pass between the Ray and Dall river basins, 25 miles to  

the northwesk, is floored with a broadly tarraced deposit of gravel 
standing generally at an elevation of about 1,500 feet above sea Jevel, 
Near the bordering uplands the graveIs am coarse and include much 
material from local M m k  mnrces. Farther out on the ff nts they 
are h e r  and consist largely of fairly well sorted but poorly rounded 
quartz fmgmenta The underlying bedrock is exposed in the side of 
a scarp near the enter of the pass and exhibits s flattened surface 
overlain by a few feet of gravel. Eridentlp the same agency that 
deposited tha gravel was capable of hveling uneven bedrock fea- 
t-, and as a possible cantinuation of a stream charnel in any direc- 
tion is lacking, the agency seems dearly to have bwn wave erasion. 
It is likely that the gravels were contributed to the old &rand largely 
by streams from the adjacent uplands, and that they were deposited 
in part as deltas and in part after being reworked by waves md 
c m n t s  at  the margin of the lake. 

YUKON BECP~~R. 
9 

Silt deposits are common feat- along the Yukon except in the 
narrowest of its gorges. Wherever the va1Iey widem the water part 
of its floor is made up of this forrn~tion, and the adjoining basins of 
tributaries are similarly occupied. 



The l o w e ~ ~ o s t  deposits along the Yukon generally exhibit well- 
p m e d  t , e m  The deposits at higher levels are of less definite 
form, grading into irregular mmnants of the general deposit that 
must once have Wed the valleys 'for hundreds of feet above the 
present stream. The lower tsrracea are destructional forms carved 
in the original valley filling by the river itwlf. Farther back from 
the river, in the side basins, there are flat-toppd features, not so 

f 
n clearly a product of river erosion, which mag be remnants of an 
original depositional surfme. The termma of the Yukon form too 
complex a system to be fully understood without detailed exnmina- 

+ tioa The general study made by the writer indicates that  they are % 

recognizable at ,t number of levels from 20 feet to 300 or 400 feet 
above the river. The lower terrace deposits consist mainly of the 
t y  pica1 light-colored lacustrine silts. The higher ones, in places at 
least, m partly m k  cut and include p v e l s  in their composition. 

A significant development of the silts w u r s  in an area north of 
the Yukon below Tanana, where they extend for 4 to 6 miles away 
from the Yukon into the basins of its t.ributaries and r ise to levels 
800 to 340 feet above the river. ,4t these elevations they form 
broad, flat Bumrnita. On the opposite side of the river there are great' 
lowland plains scorn of miles in width. The deposits north of tho 
river indicata the minimum ele~ation to which the adjmnt parts of 
the basin mtist have been silted up before the present cycle of erosion 
and the facility with which large areas have been cleaed of the 
deposit. This check on the amount of erosion the silts have suffer4 
haom the-conception that even f h d  uppermost siIt deposits are but 
remnants of former widespread deposits that filled the erosional de- 
pressions tributary ta this settion of the Yukon up to eIevations of 
1,200 to 1,500 feet aboye sea Icvel. 

The nncmmlidated deposits of the main Kanuti basin have been 
dsacribed by Mendenhall,' who says: 

The Kanntl Rtver flaw through tcvn haslna flllocl wlth sllt and graveL In 
the upper, which la between 10 and 13 milm In length and 4 or 5 mileer in width, 
the de@& grade from coarse rlver pfivelpl at the upper cnd of the flab to 
floe muds and ~Llts at the lower end. They hnve Wen deposited by the gtream 

t whrre flowing at its p-nt Iwel, aince the 8 i l b  AO not fn any observed Instan= 
extend a b v e  the fload-plain stage of the river. The lower h ~ s l n  of the Rnnutr 
River la more e9temlve and the d m l k  mom complex. The flats begln about 
140 mllea above themouth of the river and extend 1M mtIm dowostrearn. At flm 

4: they ocrmpy a valIey 4 or 5 m i l a  wide, bnt near the month of a large trlbutmy 
from the south this vaIley and the deposits that fill it expand to a wlrllth at  20 to 
W miles. 17sunlly the silts stand but s few feet above the water level, but nmr 

lMendwbal1, W. C. Reconnaktssaace from Fort Hamlln to Kotmhna Bow& Ataeka: 
U. El. Gaol. 8owey Prof. Paper 10, pp. 43-44 1902. 
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the center of this baaln them ~ c c m  several mupa of MlL tomparred d ~ l l t  and 
fwd, which rlse from l00 to 200 feet hlgher. They are remnant8 of an ~ l l e r  
deeper tllllng, the  r w t  of which has been removed by erosion. 

Exhnsions fmm the main alluvial bmin of- the Kanuti were 
e n c a m k d  near camps 18 and 21. Near camp 13 there is a broad 
aIInvial basin of a tributarg of the Kanuti which is connected with 

. the main basin, not aloni the course of the stssam, but by e.broad, 
low, lake-studded'pess opening through the hills at right angles with t 

the stream. The pius represents an older outlet of ths tributary 
basin, for the stream leaves it through a recent gorge. The character 
of the alluvial deposits of the basin was not determined, but they 1 

probably include both silts and gravels. The maximum elevatim of 
the deposits is mveral hundred feet above Rannti Riyer. Near camp 
21 there rtra grest amas of low, rolling co tmt~y  underlain by silts. 
and gravels, and at higher elevations them are w~ll-pmkerwxl gravel 
terra=, The topogn~phy to  tha northeast is similar b ,spprance 

, '  
and suggests that these deposits are continuous with those of the 
lower Iianuti basin. 

The abandoned valley in which the waters of Mentanontli and Indian 
rivers divide is floored with h e  light-colored silts, and ~~ of 
the same material rise over 200 feet above the bottom of the pass. 
The silts indicate deposition in quiet watar. It;. is si+cant that the 
course of Indian River has been profoundly changed. Formerly it 
flowed northeastward through this valley along tha course of the 
p m n t  Mentanmtli River? but now it flows southwestward through 
a canyon, the rim of which corresponds in ~Ievation with the upper- 
most silt deposits. 

Y r n & r n A  nAfirlP. 

LittIs is known as to the character of the elevated detritsl deposits 
of the main Melozitna bwin. Near the head of the dream both 
gravel and silt terraces occur, and the vslley has a bmad alluvial 
floor.- In the main valley there are a number of terraces at intervals . 

up tb 100 feet or more above the stream, some of them having bmad 
surfaces dotted with lakes. They are charcthristic &ream temacea, 
dereIoped dmhg the removal of a formerly more extensive alluvial 
m g  of the valley. 

The upper limit of the old filling of the Melortitni bakn is not 
hown, but as the drainage has been completely mverserd and the 
ralley probably acted as an outlet for silt-cht~rged glacial waters 
from the north it probably was aggraded nearly to the elevation of 
the rim of the canyon near the Yukon. The pmsent topography, 



however, wggmts that soeh deposits, if they formerly existed; have 
been removed from all but the lower Tmls of the valley, (See  F1. 
IV, A, p. 16.5 

mmh Rum. 

The Tazitna basin is continuous with that of the Melmitna t o  the 
west, and as Tozitna River now flows through s youthful constricted 

w valley for abouh 15 mil- before reaching the Yukon it is probable 
that the same conditions of sedimentation existed in the two 'basins. 
The main c o r n  of the Tozitna and t h m  of many of its tributaries 

t 
lie in a broiad alluvial basin of slight relief. Nothing is known of the 
character of the higher-level aIluvia1 deposits except those on the 

- northeastern headwaters, which are of glacial and e+-glacial 
origin. Presumably the her parts of glacial detritus were deposited 
in the basin during its inundation and mny now be found as elevated 
silt deposits similar to those of other stream basins that haad in the 
Bay Mountains. 

Alluvial deposits are broadly distributed along Koyakuk River 
and in f i e  djamnt basins of its tributaries. The silks form a series 
of low hmm in the vnllley and may extend to higher levels, but the 
data regmding their maximum elevation am lacking. 

Gravel deposih m r  s t  higher eIevations about the margins of 
the valley and at elevations up to nearly 1,000 feet above sea 

. levd in the EIogatza-Pah basin, which is continuous with the Koyu- 
kuk VdIey, However, the details of distribution and the interrela- 
tions and significance of the high-level deposits of the lower Hoyukuk 
and adjacent basins are not we11 u n d e d .  On the whole there does 
not sppear to hare been in this valley a pronounced development of 
high-level silts such as occur along the Y~rkon, and it is likely that 
Quaternary wdimentation here hnd rt distinct history from that of 
the Yukon basin abow Ruby. 

A dass of deposits btermedin,h between the high-!eve1 silts and 
gravels and the modern stream gravels mcupies large areas in many 

+ . of the lowland basins of the region. In part they are analogous to 
the high-level silts in composition and in part they kre made up of 
younger dream-laid deposits. Bemum of their composite character 

u and intermediate position they nre discussed separately from the - 
true terrace-forming silts and gravels on the one hand and the mod- 

. ern atream gr~ve l s  on the other. 
. Alluvial pIains occupy the centem of most of the gneat btasins of 

&e ragion and are especi~lly common, features wherever waters divide 
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within a single pre-Quaternary erosional depxdbn. Mmy of tbem 
soores of  sqnare milm in extent, reaching from the lowermost 

mcopizabla silt and gravel tern- b the mar* of the compara- 
tively narrow madern d o d  plains. x 

The relief of the low a l lu~ i s l  plaina ia mmJy appmchb1e, and en- 
erally they are studded with lakes or covered by swamps Drainage 
courses are poorly defined, the water seeping fmm lake to lake for 
long distances and then finfilly giving rise to sluggish st- that 
are but slightly dopressed below the surfam of the plain. 

These plains are generally eo~ersd with a dense, I& growth of 
m o m ,  gsrcsm, and shmbs, BO that the character of the deposits is 
rarely evident. In placea, however, along the low warps  at the 
margins of the present flood plains sections am expwed which indi- 
cate that silts of the lacustrine type entar largely infa their cam- 
position. Stream praveIs are inlaid in the silts in placss, represenb 
ing old streram channels, and in other places they overlie the silt& 
,In still other places great accumulations of pat are included in the 

. deposits. Altogether they apparently represent the lower strata of 
the game series of silts that appear at higher elevations, hiving hen  
partly reworked or replaced by other materials, chiefly by the action 
of d m m s  that were controlled by the same bam-level for a Bong 
period of time. 

The depth of these depmita can onIy be conjectured, but in pl~ces 
it must be very great. For instance, Melozitna River now flows with 
a p d e  lob several feet to the mile southw&ad from its upper 
basin for nearly 100 miles, $u €ha point where the lowland plains end. 
Formerly it flowed through the =me d e p d o n  in a northeasterly 
direction, with at least asstep &grad& I f  the place w h m  the low- 
Iands end marks a common point on the present and antecedent 
gradients, it is neaesssry to conclnde thwt the alluvial filling of the 
upper basin must be many hundreds of feet in depth. ' The width of 
the upper basin--almost 20 miles-amord~ with this mcIuS;;on, The 
depth of ttlluvim beneath the lowland plains in other situations is. 
not as clearly indicated, md while generally the depth is probably 
less than beneath the Melozitnzl-Toxitna divide and the adjacent por- 
tiona of these river basins, it is of the same oder of magnituda A . 
prospecting shaft on lower Magon Creek, a Ytikon trihutnry below 
the Tozitna, is said to have penetrated 135 feet without reaching bed- 

, rock. The depth of alluvium is probably rtldelp proportional to the 
width of the lowland plains, and very generally in the more extensive 
plains deptha of several hundred feet may be expected. w 

MODERN BTRBAM BRAVPLW 

The present tendency sf emion throughout the region is towsrd 
degradation nnd intmnchment of the streams below the bvel of the 
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l&Trand plains. However, the progress is slow, and most of the 
&earns have developed meandering conrsss. Incidentally to the mi- 
gration of meanders down the ~ d e y s ,  the deposits above a certain 
level, marked by the deepest scairring of the stream, are periodically 
reworked and deposited. These rnnterials are .cl&sd as modern 
s t m m  p v e l q  and owing to the tmnsporting and assorting power 
of the streams they are generalIy very different in character f ram the 
older deposits that line the m d e m  f l d  plains. It is not unmm- 
mon to  find s stream cnrrying fairly coarse gravels, mostly from 
headwater sources, traversing the ppredominantlg silt deposits of the 
lowland plains. A fitting description of such depmita is that they 
are " inlaid " in the older alluvium. 

The modern flood p l~ ins  am generally but little wider than the 
mdnder belts of the streams, which Pary according to the size of the 
stream and the fineness of the stream grnvels The larger the stream 
and the h e r  the detritus it c~rries the broader are the meander belt 
and the flood plain. 
Fn the mapping it has been the purpose to show d y  the general 

character of the didribution of the modern gravels on the several 
stmams rather than their exact margins, and therefore considerable 
variation in detail is to  be expected betmeen the actual ma the in&- 

distribution. In places exaggeration has been net.Rssary in 
order that the deposit might be shown on a map of this male, but for 
the sake of avoiding undtla exaggeration the modem gravels on the 
srmsUer streams have been omitted entirely. 

The geologic gtructure of the various terranes thst occur in this 
m ~ o n  has been described in the foregoing pages in wnmdian with 
their &her geologic features. A summary review of the stmotnral 
gedopy indicates that a t  widely separated periods of time the mks 
of the region have been subjected to distinct sets of tectonic st- 
that di%ered as to direction, intensity, and structural exp-ion. 

The earliest major deformation is recorded in the folding and sec- 
ondary structum of the metamorphic complex. It affected rocb that 
were probably of Devonian age and older and apparently preceded 
the deposition of the greenstone series and the intrusion of most of 
the older p i t e a  IB shmsses were exerted in directions within the 
northwest quadrant, developing major and secondq  stnlctuwls 
trending generally in northeagterIy directions, in conformity w j th 
the dominant tectonic lines of the westam part of the Yukon-Tanann 
region and the region extending southward to the Alaska Range. 
T h e  structures developed daring this period and probably to a lesser 
extent during the subsequent periods of conformable deformation 
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m r d  the mmt'inten& crustal movernenta that have affected the 
region. 

The greenstonea am believed to hare been deposited after the major 
def ermdion of the metamorphic m p l e x .  They have not acquired 
the pronounced secondary structnre characteristic of the metamorphic 
p u p ,  but they have been thrown into more w lsrss c lody  appressed 
folds (me P1. III, C, p 12), the axes of which have the same general 

' trend as the strudure of the complex. Whether this difference is s 1 

result of saperior resistance to-tha same strews or whether the green- 
stones have been subjwt only to  a Inter and bss intense deformation 
is not clear. The latter pmsibility, however, w m a  to fit-better the 
observed stractml condition& 

More Iomlized deformational st- that wem more diversified 
as to direction seem to ham accompanied the intrusion of the magmns 

' that PVB rise to the older granites. The resulting strndxres were in 
general tangential to the borders of the major batho1it-k In Borne 
places preexisting structures were intensified; in others the older 
structures were shifted in orientation to conform with the later 
stresses ; and in st i l  &hem additional structures wem rmperimpmed 
on those of earlier development.- hs a result the stmcturea about the . 
older granites show a great diversity in complexity and orientation 
due to several periods of deformation. As the oge of the granites is 
d y  v e q  generally hown, the time of the accompanying deforma- - 
tions ean only be conjectured. The composite character of some of 
the htrasions indicates an inbrmittent volcanim, so that a long 
period, probebly of late Paleozoic and perhaps later time, may be 
involves* 

A long -period of quiescence is hdicated by the appmntIy con- 
formabIe series of late Mesozoic, probably for the post part Upper 
Cretaceons sedimetltal.y rock& Subsequent to their deposition they 
have been strongly folded, the average dips being about 45". Here 
ngain there is a nohble conflict in the directions of structurel. axes. 
Along the Yukan and the lower Melozi tna the major trends am north- 
east. Farther north and west essterly strikes are dominant. At the 
enstern ma+ of the northern extension of the sedimentary ares 
the strikes am genemlly northeast. A little to  the west they change 
to hast, and still farther wsst to  the northwest. More detailed 
study of these s t m c t u r ~  will be necewary to arrive st a satisfactory a 

explanation of this'crescentic arrangement of their dominant trends. 
It may be due tm an unequal tmnsmission of general stre- by the 
under17 k g  terranes, which probably include easily deformed &eared a 

rocks and mist ant ignmus r n w  such as those of the older granitas fa 
ihe east. The dominant compression was exerted apparently from 
the northwest quadrant, the variations from the northeasterly trends 
be* caused by local conditions. The period of this deformation 



WM pmbsbly early Tertiary, p d i n g  the depositim of the Eocene 
and W b l y  younger Tertiary roch of the Yukon section. 

h a 1  deformation of the same series occurred incidentally to the 
intrusion of the younger granites, regading the time of which there 
n r a  no exact data. The intmsions locally ~ffechd the orientation of 
the sedimentary beds and induced flow structure in some of the more 
highly altered members. 

t 
Lx. 

The last pronoun4 deformation affecting this ragion followed 
the deposition of the Tertinry beds of the Yukon section. It con- 
ilkbd of gentle folding and considerable faulting and mas generally 

? of much +milder intensity than those of the earlier periorls. The 
Quaternary deposits are undeformed axcept by 1-1 faullts of in- 
signscant throw. 

' .  
GEOLOGIC HISTORY. 

The following summary of the geologic events, believed .to com- 
the salient features of the hiatory of the region, is based on the 

data given in the foreping pages, the interpretation of many of 
. which Bas been mggested. In bringhg together the data concerning 

the pm- that have acted upon the region and their duration 
and sequence, it is r e a l i ~ ~ d  that only rt very general treatment of the 
oarlier history is justified. The agencies thlemelv~ are recorded in 
the aspects of the various terranes now occupying the surface of the 
region, but their time relations, except among the later series, are 
obwnre. To avoid needless repetition the age probabilitim set forth 
in the pfevilrus psges are assumed as,facts, with the reservation that 
any different interpretation of the stratigraphic data is equally 
applicable to the following conclusions. 

DEVOmAm AND EAmam TXadE 

The ea,rli& geologic activities of which there is any record in the 
ragion are those of dimentation and volcanism m I t i n g  in the 
formation of the rwka now constituting the metamorphic complex. 
If the conditions under which this ammblnge was forrned were 
analogous to those existing in other sections of Alaska and north- - western Canada during the same period-from possibly pra-Cam- 
brim to Devonkn time-it is safe to infer that a t  least several epochs 
of q u i ~ n w  and constructional a c t i ~ i q  were interspersed with , 

rC epochs of disa&mphism and dsstructional activity. The deposition 
of h e  elastic &rials characterized the earlier constructional - 
periods; that of calcareous and igneous materials the Eater wes, No 
evidence of the probabls inhrruptions in the progrew of mdimenta- 
t i a  has k n  observed in the region, unless the difference in alter* 
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tion between the predominantly clastio bnd the predominantly d- 
a m  parts of the assemblage has thie significanm, 

XdTEB PALEOZOIC FmE, 

lifter the gened period of depoGtion of the metamorphic com- 
plex, and probably separated from it by e period of diastrophism in 
middle Devonian time, there was a notable resumption of volcanic ' 

activity, in Devonian and later Paleozoic time, during which exten- i 

&ve accumulations of basic lavas and pyrocInatic material were 
formed in different parts of the region. In places this activity 
to have b e p  under marine conditions, which later disappeared rr 

owing either to uplift or to the accmdation of so thick a series that 
the depositional surface r m  above i ~ a  level. Although perhaps not 
exactly synchronous in their development, the greenstones h- the 
~arious areas of their occurrence probably represent a single period 
in which volcanism was the dominant activiq. 

Igneous intrudve phenomena are worded in the rocks that have 
been grouped together as the older granites. The period of their 
intrusion began before the m ~ j o r  deformation of the metamorphic 
complex and lasted until after the dep&tion of the greenshes and 
after the last p a t  deformation of the older rock of the region, 
probably into Megozoic time. During this period massive batholiths, 
extensive systems of dikes, and composite intrusive M i e s  mere 
formed, The character of these plutonic rocks indicates that they 
were intruded beneath a wver of great thickness, which has Binm 
Geen mmored by erosion. 

Latar Paleozoic and earlier Mesozoic time is not known to be rep- 
resented by my of the bedded rocla of the region. Apparently 

' 

throughout a long period preceding the Cretaceous the region was 
a land mass subjected to erosion. This may account for the removal 
of tlie great overburden of the older granites before the beginning ' 

of the Cwt~oeous sedimentary period. 

In the neighboring regions to  the north the Lower Cretaceous 
epoch ia represented by vol&nic and crrlmmus ternanas, but south of 
the Koyukuk th- rocks are not known to be present. Whether they rn 
onca extended over the region and were eroded away before the 
major Cretaceous subsidence or whether the h w e r  Cretaceous sea 
never extended so far is not appacent. A period of folding and 
erosion folllowing the Lower Crehoews sedimentation has been 
recognized in other parts of Alaska and may account for this mndi- 
tion hem, 



rraPEB CRETACEOUS bmD EABLY EOCEXECP) TIME. 

The chief sedimentation of the Cretaceous period began with a 
gneral subsidence of the region at the beginning of Upper Creta- 
ceous time or earlier* An inland basin was formed which gradually 
extended, probably over the whole region. About its margin strong 
wave emsion developed pronounced sea clifts on the headlands, and 

t .* 
in the estuaries of invaded valleys and offshore from their moutbs 
river-borne materiaIs were deposited. The subsidence was probably 
intermittent. At one time a marked subsidence produced marine con- - ditiow over large areas; at another a period of quiescenm allowed 

r. the rivprs to fill their estuaries and extencl their deltas out over areas 
-- - that had just previously received marine deposits. The base of the 

series is made up largely of materials of the older gr~nites and asso- 
ciated metamorphic rock The higher parts of the mriw are corn- 
p d  of h e r  haterials derived from similar sourw but modified in 
character by the agencies of weathering and stream transportation. 
This period of subsidence and sedimentation probably extended . . . -  

- without interruption throughout the Upper Cretaceous and into the 
early Emne. It was terminated by a renewal of diastrczhim, in- 
chding folding and uplift. A long period of erosion followed, 
daring which the Cretamous beda were- removed from large arem 

., ..-. . thst later h a m e  occupied by younger sediments 

,+--. ;;-.To account for the absence of Cretaceous h d s  h e a t h  the Eocene 
in &a Yukon =tion and for the gradation from days axid fine 
sedimmks in the lower part of the Eocene to sands and conglomerates 
higher h-~ the wries, it is necessary to amme rt rmcoession of periods 
differing greatly in erosional activity, the differences being due 
probably to orographic changes. Between the Cretaceous and the 
3beme dimentation there must have been a, long period of active 
erosih, in which the Cretaceous beds were removed from the areas 
notd abo~e. Erosion then weakened, probably keeping pace with 
a general reduction of grades by the streams. Then followed a 
long period in which weathering was the dominant process and a 
mantle of the prducts of rock decay was formed over much of the 

& country. 
Next came orographic changes that quickened erosion over certain 

am- the matar-inls probably being redepwitkd at no p a t  distance 
I from their sourm. It is reasonable to suppose that the axes along 

which uplift started t h w  changes were already determined by prior 
movements and that they probably cumtided with the principal 
divides of the drainage systems. The uplift, then, first affected the 
headward portions of the streams most strongly. With their energy 

' m70°-Bull. 631-1- 



thm increased the streams attacked the surface deposits and de- 
Iivemd Iarge volumes of fine dkr i s  to the trunk channels, whose 
capacity was at first probably little affected by the cmstal move- 
ments. Deposition in the vs14eys of the larger stwarn folIowed. 
This ~ e s n l k d  in a steepening of grades farther and farther from the 
seat of uplift, The longer the stream the greater would be the 
thickness of material it mnst deposit to +ablish a grade &p w 
enough to carry its load to the sea As agprtdation lifted the 
&reams out of their vaIlags their flood pIaina c o a I e d ,  
the continuous deposition of similar materials over wide are=. 
During this period the interstream areas were probably at timw 
swamps which were tIlickIy covered with vegetation and in which 
were accnmulatd the materials now forming the lignite be& Shi* 
ing of the streams to new courses occurred at internah ss their 
channels became aggraded above the level of the inhrsham swampg, 
giving in each section an alternation of lignite bds and elastic 

+ deposik 
Continued nplift, whether steady or intermittent, permitted the 

streams, after the removal of the decompod mantls from the &a 
of strongest uplift, to attack bedrock, and during an intermediate 
period the products of both decomposition and mnminution entered 
into the Eome fomakiong the fragmental deposits tending to pre- - 
dnminate more and more. In the sequenm from the clays and lig- 
nites at the barn to the sands and conglomerate at  the top of the 
mriw is recorded the growth of the mountains and the .evolmtion 
fmm the pIacid streams of the early part of the epoch to the mom- 
tein Eorrents that at last probably determined the gradient and 
character of the streams for the entire d h n m  to the sea. 

Afkr the Tertiary beds were deposited the whole regim over 
which they were %pmd was affected by diastrophism, which resulted 
in B general uplift of the land and the defamation of the bedg 
Genem1 erosion was renewed in conquerice of thee movements, 
and the later Tertiarg history of the region is il record of the dap 
of land degradation. There is stmng epidenm in m y  park of 
interior Alaska to show that the late Tertiary uplift was not con- 
tinuous but halted in at lemt one ~ h g e  long enough for the reduction 
of large areas appwxhately to base-level. This &ga was m r d e d  e 

in the Yukon Plateau, a peneplain which was later d k c h d  and 
whose m a n t a  have been widely recognized. In this &ge the Ter- 
tiary bed8 were *omplet;ely removed from brge areas but remained - I 
wherever they wem flexed or fads blow the level of the pene- 
plain, A f t e ~  the perid of base-leveling degradational agencies 
were again bronght into play by further elevation ' of the land, and 
the areas of lem rcssistant Tertiary h d s  k a m e  the object of selective 
e d o a  In this stage, principally by the removal of Tertiary beds, 



the areas of relative depression in post-Eocene time received topo- 
p p h i c  exprmion in rnlfeys nnd lowlands, and this process outlined 
the orogrsphic features tllst were to persist to the present day. 

E&on subquent to tho elevation of the Yukon Pl&teau had 
pmgmsed for a long time prior to the beginning of the Quaternary 
period and had produced tha well-developed system of valleys of 
a mature topography. The interstream a m s  were mall, many of the 
lower onas being in the form of sharp ridges, - 

The mmt pronounced feature of enrly Quaternary hietory was the 
development of glaciers in the Ray Mount~ins ~ n d  other high divides - 
of the region and in the Endicott rtnd Alaska ranges I r a  tongues 
extending out from the principal gathering grounds formed. bar- 
riem across many of the dminage curirses, brhind which the waters 
were po~lded and forced to seek new anlleta from their drain* 
basins. 

During this period many of the higher valleys were modified in 
form by i& mur,  the more prominent divides and peaks were greatly 
reduced in height. and characteristic glacial deposits were developed 
in parts of the region. Tn areas covered by the pmded waters a great 
series of Iacustrine silts were laid down. In places about their mar- 
gins wave action deveIoped  sea^ cliffs and bench gravels; elsewhere 
s t m  deposits mem'laid down in the estuaries of drownecl vnlleys 
,md, perhaps, extended ss deltas into the lakes. The finer gltwjal 
mahriale were delirered into the flooded bttsins and contributed 
largely to the compdtion of the silt& 

During this time much of the upland a m  of the region wga 
neither glaclnkd nor inrrndatod; subaerial erosion and the activities 
of weathering end soliflt~ction peculiar to a semiarid sr~barctic cli- 
mate, de~crikrcd mare fully in another section of this mport (pp. 
75-89), held swap and hnve since continued. 
The principal events mcordcd in the region during later Quater- 

n a y  time are the adjustment of straams to their new c o r n ,  the 
extensive removal of the ersrlier Quaternary sediments, and the 
progress of the erosional cycln to its prwent stage. These mbj& 
will ba treated more fully in the discussion of geomorphologgr. 

The p m t  topography of the region is the composite prodlzct 
of various agencies that have operated during its histov, In general, 
earlier constructiontrl and later destntctional activities are most 
strongly exprewd in the present land forms. The earlier construe- 
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tionel activitias largely debmined the distribution and ml ative ws- 
mptibility to erosion of the consolidatd mks, and the later destmc- 
tional activities brought abut  the a&wl development of the present 
topogmphy under the mndi tions thus imposed. Rowever, the effects 
of the opposite processes during t h e s  respwtive periods am far from 
negligible; the distribution of the older rocks was determined in 
park by earlier erosion, and sedimentation during early Quaternary 
time profoundly affected the topography of large'ams. 

Thus the e n t h  geologic history of the region is related to the 
subject of geomorphology. The earlier hitstory  ha^ already been 
pmsented as fully as the data wamnt,  and the geologic mnditims 

. which represent the only prduct of this period pertinent ta this 
discusgion have been described. It remains ta treat in greater detail 
the relatively short period of lata p l o g i e  history, during which the 
pmsent topography has bean deveIoped. 
The point of beginning of this period is necessarily arbitrary, for 

it is impossible to trace all the characteristics of the present drainage 
back fa their incaption. The present discuwion will bgin witb the 
earliest event that has left a definite imp- upon p m t  land 
formsr--the development of the penepl~in known as the Ynkon 

, Platmu. This event reduced to a minimurn the topographic expres- 
sion of the complex activities which had previa~rsly tlflected tbw . 
reFeRion, and it is the simplest background for the study of the single 
grand erosional cycle which has followed. The geologic and dminap 
conditions that existed at the end of tho peneplain cycle df erosion, 
held the primary potentials of the present major featarea of relief 
and summed up tho cntiw influence of all the earlier p h w  of the 
t o p o p p h y  upw the present 

me development of the Yukon peneplain mupied a long period 
of erot$on under quiescent conditions, aubmquent to  the deformation 
of Eocene or pmsibly younger sedimentary bds.  me amount of 
urosion performed in the penepTmation sum* that the uplift of 
the d o n ,  which ended tha peneplain cycle of erosion and initiated 
the premnt cycle, map have occurred welt past middle Tertiary time. 

At the clase of the cycle of erosion represented by the peneplain 
a large province of interior Alaska had been reduced to ta surfacse 
of very low relief, but little above sea level. Over large areas the 
land gurface was e ~ n t i a l l y  a plain wmm which streams flowed with 
gradients adjusted to a minimum load. Elevations arose gradually 
toward the main dividas, which may hsve had a considerable altitude 
in plzcces but not n conspicuous relief. The disposition of chainage 
fines at  the dose of this period may be indicated by the major em- 
sional depreesions of the present topography, but aB there may ham 



been irreguTaritie9 in the ~ubeqnent uplift of the ragion jt is not mr- 
tain that the drainage of the later cycle was inherited htwt from 
tbe earlier. The rocks involved in the penepIain rmged from the' 
old, indursted, resistant terranes ia the younger, poorly cemented 
Eome d i m e n t a  It is probable that the more resistant older gran- 
ites had already acquired tofiographif: prominmce, forming the main 
d i v i d ~  at  the end of the epoch of peneplanation, as well as at the 

* 
-* 

prasent t ime. 

+ During later Tertiary time the region mas upliftad and a new cycle 
of enmion began. The crustal movements were pr ob~bly intermittent 

. . and more or 18s differential, but apparently they had s progressive 
e8ct toward higher devations throughout the region. The streams 
were rejn~enated, and as elevation of the land went on they in- 

. trenched themselves more and more below their former Ievels 
Finally the land rose to its present altitude or higher, and erosion 
developed a relief considerably p t e r  than the prtsent The period 
.of uplift was followed by a considerable period of stability, during 

' 
which the intrenched streams broadened their valleys and lowered . 
their grades, and at the end of Tertiary time the mgion geerally had 
n. topography that was we11 past matmi*, the stage of erosion-in each 

- 1ocrtEit.y depending on the resistance a£ the rocks in that locality. 
The Tertiary sedimentary mks were the leaat resistant, and by their 
removal some of the major erosional depmsions had been made. The 

; Mesmoic rocks ofleered only moderate resistance, and t h  amas occu- 
pied by them had been reduced to and below the level of the old pene- 
plain surface. The metamorphic complex and greenshnes were more 
&ant, and their topography was corre9pondingIy more yaethfnl. 
In places in their areas on the headwaters of the stream8  remnant^ of 

. the old penepI~in slirface probably persisted. The areas of the older 
gmnitRs had probrrhly inherited n superior elevation from the p m d -  
ing cgcle, and in them the r'ejnvenatcd streams developed the strong 
relief of youthfuI topogmphy. 

At the b g h h g  of the Qnsternary period many aspects of the 
physiography of the region differed from t h m  of to-day, The en- - era1 relief wag stronger, the topography of the aewral terranes was 
rehtirely more youthful, the hnse-level of erosion was lower, divides 
and drainage systems differed in many respects from those of the 
present day, and the glacial aspects and thick series of dirnents 

- were still undeveloped. 



The most notable feature of the physiogmphy of t& period was 
the disposition of the drainage lines which are bel ied by the writar 
to have been as follows: Except for a narrow strip of tarritory along 
the p m n t  conm of the Yukon and the area west of th Meltxiha- 
Koyukuk divide the whole region drained northward. Indim River 
flowed northeastward along the course of Mmtanontli River to join 
the strenm that drained the Ranuti basin; Melozitna and Tozitna 
rivers joined and flowed northeastward into the Knnuti basin along 
the present coum of the upper Melozitna; and Ray River flbwed 
into the basin of the Yukon Flats through the depression that opens 
into the f l ab  northead of its present mouth. It is highly probable 
that no stream crossed the belt of grmnstwes dong the present course 
of the Yukon below Ray River at this time, for otherwise there, is no 
tenable explanation of the anomalous conditions of trunk and tribu- 
tary streams in this section of the Yukon. The p-f tributaries 
of the Yukon in this portion of its courvRay River from the west 
and Heas Creak ham the east-both have broad valleys in the bottom 
of which alluvial filling of considerable depth has b n  required to 
bring the streams into adjustment to the present level of the Yukon 
at their mouths. Between the mouths of these tribnbriea the T&QII 
flows in a canyon, without flood plain or nlluvial flliag--a fact which 
plainly indicates that it is still in process of intrenchment and has. 
never flowed at the level to which Ray River and Hess Creek s d e d  
the btlrock depmjons in which they Pie. I f  the Ynkon had occu- 
pied ib  present course during the erosion of the Ray and Hess val- 
leys, its greater size and capacity at  that time should have developed 
a valley corrlespondingly brmd and deep. Inasmuch as the canyon 
&ion at this point d m  not indicate such an occnpancy it seems 
necessary to conclude tha t  a t  the beginning of the Quaternary period 
the upland formed by the belt of greenstonm was continuous acrow 
the present course of the Yukon, dividing the northward-flowing 
waters of Ray River from the southward-flowing 11- Creek. If 
t b  is true the waters were leter diverted from the Yukon Flats 
basin across this divid- event of Quatarnary -hisltory that is 
discussed on pa@ 71-72. 

The constriction of the Yukon Valley in the vicinity of Ruby 
repeats in a measure the conditions noted between Ray River and 
Hess Cmk. A deposit of Yukon-borne materials occurs in the basin 
of Ruby Creek several hundred feet rtbosTe the pms~ut level of the 
river, an impossible d t  if the erosion of the two vallays had taken 
place at the same time with the drsiuinage coursas in sdjudment, Ap- 
parently Ruby CIreeg developed ib valley to essentially its p m n t  
form before the Yukon assumed ib  present murse through this sec- 
tion. The youthfuInes of this part af the valley is more resI than ' 

app&mt, however, for the influence of the Melozitna delta has caused 



the Yuhm to mmtr its left bank constantly, thm widening the valley 
f a  mom than it would have done otherwise. Apparently the strip-o f 
territorg along the prasent course of the 'ITnkon Mow Hess Creek 
belonged to a drainnge basin w h m  t r u d  stream flmed through the 
present Nowitna basin into the region now drained by the Kusko- 
k w h .  This conception of lths physiographp of the region at the 
beginning of Quraternary time is essentiaI to a proper understanding 

o + 
of the later events which have developed the many peculiar features 
of the present topopphy. 

QLACLATION. - 
Early in the Quahrnnry perid the conditions of e d o n  under- 

went notable changes, apparently owing to the development of local 
glaciers within t h e  region and to  the effect of glaciation in other 
parts of Maska upon the dFainage of this region. The local glttcira- 
tion wag not pronounced except in the Rfiy Mountains, where ice 
tangues extended down t alleys from the higher divides for d i s h -  
of 20 miles or mom Them glaciers developed charac~xistic features, 
inclnding cirques, hanging v n l l e ; ~ ~ ,  lakes, U -shaped valley q rno~ainw, 
and outwash deposits. The chief effects of the glmiers are express& 
well within the valleys which they occupied. It is not certain, how- 
ever, that their action was altoether limited t o  the confines of the 
mountain valleys and that they did not a t  times extend out upon the 
lawhnd plains where they come nearest to  the main mountain axes. 
The indirect eirects of glacial phenomena in localities more or 

lese remots from this regjan, although less madily traced to their 
origin than those of local glaciation, were nevertheless probably of 

* 

vastly greater importance in the erosional histmy of the region. The 
extensions of glaciers from the Endicott Range are believed by the 
writer to have d m e d  the nomnl outlets of the old Indian, Melo- 
zitna. and Tmitn~ basins and forced them to mek new outlets to the 
swk and west across low points in forrne~ divides. The f a d s  in 
hmd are also believed to show that the drainage of the Yukon Rats 
.basin was forced to the southwest through a pass in tho uplands 
between Ray River and Res& Creek. If this is EO there is little evi- 
dence as to the lomtion of the earlier outlet to this basin, but it 
might have bsen to  the northeast, through %ha low silt-filled basins 
which sxtend, without interrupt ion so far  as lolown,B from the Yukon 
Flats to the lowlands of Mackenzie River. In thbt ccase the diversion 
to the p m n t  course is possibly to  be explained by the extension of a - 

r l t  s h d a  Iw wted that wrveva made in 1916 have edded to the knowledm ot the 
Bowltun LWBIXI. I t  b -pled for the moat part by broadly ternroed sllt pl&ine at varloue 
elemtlonn up to about 1.200 feet above wa level. Theae contlaue eastwnrtl th-h the 

drained b~ Redlands and Coma rlvem to the Kantlshna lowlands wblch are con- 
tlnnonn wlth tboae oi the Kuskokwlm. 

a Maddren, A. G., personal informatlorn 
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l o b  of the continental glacier from the Kwwatin center p& Good- 
enough Mountain, near the mouth of the Mackenzie, where the ios 
evidently reached an elevation of 3,000 fsetl The writer a h  sug- 
gests that the southerly dminage through, the present Nowitna basin 
may have been blocked by ice tongua extending out from the Alaska 
Range and that the mom northerly outlet across the old divide west 
of Ruby Creek w m  adoptad. 

The principles involved in the divemion of streams by glaciers are 
not new. This action is the commonly accepted explanation of 
peculiarities of drainage in the glaciated region of the United States 
that are comparable in both character and magnitude ta the peculiari- 
ties in the drainage of the Yukon-Koyukuk region and ad j m n t  parts # 

of Alaska. Moreover, this action of glaciers has been suggested as 
a possible factor in the diverion of Alaska rivers during the develop- 
ment of the p m t  upper Tanana and-White liver sgrstems.' Tho 
p r o c e s  involved are relatively simple, and there can ba no question 
that they hare brought about the present arrangement of such sys- 
tems as thm of Indian, Melozitna, md Tozitna rivers. As the 
changes in the drainage of these basins, which are clearly due to 
glaciers, are entirely similar to  tho= in the various d o n s  of the 

. present Yukon basin, except in magnitude, them is no reason for 
not applying the same explnnation 20 the peculiarities of the Yukon 
Valley unless it can be shown that the glacial factor was inadequate 
to  accomplish the diversion of so l u r e  a stmm. As stream action 
was opposkd to the northeast by the continental im sheet, 3,000 feet ' 

or more in ~ c k n m ,  and to the south by ice tongues that extended 
out of the Alaska Range uat elevations of 2,600 to 3,000 feefa md - 
formed piedmont glrtciera t h ~ t  "stretched out amocss the Kuskokwirn 
lowlnnd," ' the' glacial factor seems to the writer to km entirely ade- 
quata to the needs of the case. 

If the pre-Quaternary drainaga of interior Alaska bad the ar- 
rnngement outlined above, ~ n d  the blocking of drainage ~lum 'by 
ice brought about the present form of the E'ukon River aystam, then 
the striking array of alluviated basins, canyons, hmces, snd mi& 

' 

valleys loses its chaotic aspect in the light of a relatively simple 
genetic hiabry. The thorough applicability of the hypothesis to 
every feature end detail of Ithe present t o p p p h y  mems to  the 
writer so convincing as to its correctness that these events ara hem 
assumed as facts and the Iater history of tha region as set forth in 
this paper is b d  on the conditions that presumably were imposed 
by thwa events . 
- -  

I thmsell, Chsrleq W d a t  OeoL B u m ~  AIUL R m ,  new m., aol. 16, p t  CC, p. 40. 
.Rrmka. k H.. A reeonaalnaanw in the Tanrrm und White river haalnq Ahoka, In 

1858: C. 8. Qwl. B-7 Twentletb MIL Eept, p t  7, p. 460, 1900. 
* n m b ,  A. A., The Moant McKinley w o n ,  Alslha: a. 8. Qeol. 8 u m  hot. Paper 

70, D. 126, IPII. 
' Y dew, p. 135. 



I r n A T I O N .  

The inidation of the lorn-lying pa& of the region incident to  
gIaciaI damming is indicated by the extensive development of lacus- 
trine silts and of mk-cut and gravel hrracea and by ihe youthful 

. vallep that aerve as outlets to the alluvial basins. Apparently the 
w a h m  in the Yukon basin above the ramparts rose to a level that is 
now 1,500 fee$ above the sea and in the basin above Ruby to at 

E lea& 1,200 f& sbove the sea. The depth of inundation in the 
MeEoeitna, Tozitria, and Indian river b~sins  is not so well deter- 
mined, but probably the Ievel reached corresponded with that of the 
wsters in the basin above Ruby. 

The rim of the ponded waters was intermittent, and at numerous 
stages below the highest it shod a t  the sarno level for periods long 
ennugh to  permit the development of strong termcea The products 
of wave erosion at  every level ware deposited oiTshoe, burying the 
lower ' tamcw beneath relatively coarse mahrials The p o i d d  
waters camo larply f ram glacial sources and carried quantities of h e  
detritus which rvns dcpoded in the deeper parts of the basin in the 
form of ail&. The pondedr waters extended up the preexisting valleyq 
fomingestuarim Deltas built by some of thelargerriversnot only 
filled up their entire estrlaries but exknded far out into the basins 
The gravel terraces and deltas were developed at nll stages of 
the inundation up to the h i ~ h e s t ~  The rnnxim~m level to which the 
d t s  mere accumulated has not been definitely determined, but their 
known occurrence nt  altitudes as p e a t  as 1,000 or 1,200 feet a b o ~ a  aea 

- ' levd~wggesh that the basins might have been aiIted up completely 
to the level of maximum inundation. This is not certain, however, 
and it may 6e that only the parts of the basins nearest the murce of 
the gilts wem thus affected. 
The time interval represented in the inundation of the region is 

not clearly delimited. Whether the f rst effects were due to local 
glaciers, to those of the 1:ndirott or Alnkka Range centerg or to the 
continemtaI ice sheet in northwestern Canada is uncertain. They 
plainly resulted from an advnnced stage of. glaciation, whichevm e n -  
ter was k s t  effective, but until the chronology of A l a h n  glaciation 
is mom definitely determined the boginning of the p r i d  of inunda- 
tion can lw only genera!ly assigned to earlier Quaternary time. The 

q .maximum inundation in the Ynkon flats basin must have been 
chronous with the extension of the continental glacier to the Arctic: 
Oman; that in the basin above Ruby correspondecI with the extension 

a of the Alaska Range glsciers acrogs the Kuskokwim lowland. 
inundation of the two basins was not necessarily sgnchronom. The 
duration of the period of inundation was determined in each bash 
by the balance between the forces of nggradation, which tend4 to 



replace the waters with -ent, md the f o m  of degradation, 
which tended to draw the waters ofT by lowering the outlet. The 
elimination of ponded wattem from the region probably O C C : ~  not 
long after their maximum elevation had been reached. 

LATER QUATERNART EROSION. 

The unglaciated uplands of the region were subject to the p m q s ~  
of subaerial ermion throughout Quaternary time. In the glacided s 
areas other p r w m  of denudation were temporarily interposed, land 
in the inundated areas co~ructional activities were temporarily 
dominant. With the withdraw~l of ponded water and disappeamgce 
of glmiers the normal p m w s  of denudation again came into play 
genemlly over the region, but under very different conditions from 
tho% of the p d h g  cycle. The gradients of the newly established 
drainage s y s h ~ a s  were extremely irregular and showed a general lack 
of adjustment. The headwater streams had pdienta a d j u M  dm- 
ing the ear lie^ cycle to a Iower base-level of erosion; the trunk streams 
flowed through the basin8 over soft silts and muds, and at the outlets 
of the basins they plunged down cataracts through n m w  bedrock 
canyam 

The mo& pronaunced. activities that fallowed the rearrangement 
of the drainage systems included the deepening of canyons across 
bedrctk barriers and the erosion of the then recently accumulated silt 
depkta The rate of intrenchment gradually decreased as adjust- 
ment was approached, so that in many valleys it has been prolonged 
to the pmsent time. The removal of the silts was stimulated by tho 
intrenchment of the bedrock reaches of the dreams, which increased 
the m1 ief of the slluvirtl areas. The topography of these areas gadu- 
ally p d  through maturity into old age, so that at present the rate 
of theii. denudation is not rapid. Dtmng the intrenchment of the 
watercourses b m d  terracing of the silts occurred in places, and some 
of them feaures still pem&. 

For a long period the trunk channels have had .approximately their 
presant gradients. The cmyons have gradually widened, gome of 
them to the form of youthful valleys with scant f i d  plains, but 
others to only a negligible extant. The tributaries have been vari- 
ously affected by the grade adjustments of the major streams. Thw 
of the canyon reaches were rejuvenated and are &ill extremely youth- 
ful, W e  that flaw out into the alluvial basins have bsd s more 
complex history. 'lhe removal of the silts from their valleys restored 
the relatively steep gradients thst bad b n  developed in adjustment " 
to the lower base-level of the preceding cycle. For s while the 
streams dowed over these grsdienb to the margin of the remaining 
silt deposits and there aaslumed lower gradients a c m  the waily 



eroded silts to the trunk channel. As the lower grades over the dts 
gave legs tmmparting capacity than the steeper grades of the head- 
ward h d m k  section, deposition of the coarser material took plrrce 
at the point of tmnsiti6n. Gradually st.eepar gradea were developed 
over the silt areas through the deposition of materials brought down 
by the streams themselves, and at the same time the hedward grades 
were reduced by deposition in the lower part of the confined valleys 

? and by continned erosion nearer the divides. The divides themselves 
warn considerably reduced in altitude from that they held at the end 
of the preceding qcle.  The composite effects of these various prm- 

* essarr h v a  been'to bring the streams into complete adjustment to the 
p m t  base-level of erosion and Ito &velop some exceedingly inter- . 
d n g  deposits and topogmphic features. The inlaid gravels of the . 
lowland plains were thus formed, and the mult of these prwewm- . 
first by .removing silts and later by depositing c o a m  materials-ha 
beea to produce extensive swamps and even lakes of considerable 
size, - 

CYPHER MORPHOUMIC P R O C ~ B E S .  

: Okbr morphologic p r a m  than &re&m erosion have bad an im- 
portant part in developing many features of the prewnt inpogr~phy. 
Climatic conditions throughout the Quaternary period have probably 
been generally gimilar to those of ths present time and have favored 
an unusual production and accumulation of rock detritus. The same , 
climatic conditions have engendered an exceptional activity of the 
processes of .mlifluction, which have given peculiar and striking 
forma to the talus accumulations. These procsw am grouped for 
convenimm in the following dimussfon under the, terms '' weather- 
ing 'band '' mlii3u&ion," the first group giving rise to the accumnla, 
tions and the second imparting to  them their characteristic Itopo- 
graphic expressjon. --. 

The &reme rnmnaI rariations of tempersturn and the 1- pro- 
nouncsd but marked daily variations during eritiml smw119, charac- 
teristic of a subarctic climate, result in unusually -id production 
and comminution of talus from a x p d  bodies of bedpock. On the . 
&her hand, the pmcmm of decomposition are held in ahyance by 

9 the permanently frozen condition of the g r m d  below a sLight depth, 
which eff&ually hindem the circulation of ground watsrs. The me- 
chanicaI transprtation of dgbris by running wates is minimized by 

* a mnt'rainfall, by frost, and, a t  lower elevations, by vegetable 
growth. Conveqlnently talus has accumulated over much of the prea- 
ent land surface, protecting bedrwk from the agencies of weathering, 
except the mall exposures on the more prominmt featam of relief, 
which' are perpetuated through the removal of produch of weather- 
ing by solifluction, 



-8BES. 

The pr- of soMuction, or the migration of detribs andm the 
tbW and have of frost &ion, am peculiarly wtiva under mb-. 
aretic climatic mditions, The clmwter, rate, and topographic 
produd of tR= processes vary with the nature of the materials af- 
fected, with the topographic situation, and with the vegetal cover- 
ing, so that mveral distinct types of mil movement and r d t a n t  
topographic f o m  are recognizable. 

* Solifluction ie limited to a relatively thin surfam sctr~tum.. The 
depth of surface thawing depends on texture, permeability, relief? ~ s r  

and vegetal covering. Coarse permeable materials that have h n g  
relief ttnd are barren of vegetation favor depth bf thawing; finer, lass 
permeable materials with vegetal coverhg oppm dsep thawing. 
Conwquently the depth of Amta in motion under these p w  
ranges in different situations from a few inches to ~ v e r a l  feet. 

The pressures generated by freezing water am exerted in all direc- 
tions, but they are expressed in soil mmememts only upward and - 

horizontally. The vertical expmsion has been tamed hesvs; the 
borieontal, thrust. In materials that favor even distribution of 
water throughout the mass heave is uniform over the entire s n r h ,  
and no differential vertical movement nccurs. Thus, in b e ,  emn- 
grained materids horizontd movement or movement parallel with 
the mrface is dominant, and even surfam, either horieontal or slop- 
ing, m l t .  C)n the other hand, irregular capacity for rehntiori of 
interstitial wahr l ads  to diBsrentiaI heave and thrush and -**a 
development of surface imgulariti~. Moreover, the conditions 
causing difiemtial heave and thrust tend to accentuate themselves 

' 

by their own activity, and centem of mlwtive heave are not only - 
persistent but, within certain limits, become more md more pro- 
nounced. 
The position of the water table with respect to the surfam haa m 

imporbant baring on the character of solifluction p-. Where 
it is but slightly depresd below the d s c e  during &tical seasons, 
when alternab freezing and thawing occur, ib  minimizes differential 
heave and gives a dominant expression to horizontal thrust, the 
same as is developed in materials that pomw a uniform capacity for S 
retaining interstitial water. Where the water table iz low differan- 
tid heave is favored. . 

Vegetation ten& to limit thawing to a thinner mrfm s t t u r n  and 
so tu elevah the water table closer to the purfam. A thin covering * 
favors stronger mil movement ; a thick covering mhrds it Thus 
mriations in the covering of a slope lead to irregular soil movement 
and the development of mi no^ surface irregularities. 



U. k O ~ O O C I C  I U M Y  I u ~ m l r *  (37 PLATF Y I I  



U. 8. GEOLC@JCAC l U A V r Y  BULLETIN 071 P U P E  ml 



An the growth of vegetation is ad& by altitude and as them is 
r progressive comminution of materials in the course of their n i p :  
tiom from higher to lower levels, there are gmat differences in soli- 
fluetion grocasses and the resultant features at different altitudes. 
The usual t p  of talua accnmulation at lower elevations is that of - 
b d ,  codinuoua aprons that skirt the &a- of all. the more promi- 
nent topographic features ; at  higher elevations irregular or t e m a d  
effects nre more frequently produced. 

mDLTB. 

Major a d  dmr featuws.-~he most widely contrasting major 
featura p m d u d  by solitlnction are even slopes and terraces. These 
will be discussed under the terms "aolifluction slopes" and "alti-  
planation terraces," respectively. Many featum of intermedisk. 
typm em produced by the mixed operation of the processes, which 
nm mtive separately in producing the distinctive types just men- 
t iond.  In addition, mmy minor surface features are superimposed 
upon the major features, representing details of the process& to 
which the hrgerrfeatures are due. 
In the region under discussion soIifluction dopes are typically 

developed on the trtlas accumulations derived from the coamer 
,&tes, and dtiphnation terraces in talus from the mstnmorphoaed 
and highly indurated Mesozoic rorks. The study of them typical 
occurrences has furnished many of the data on which this diecumion 
of elifluction is based. 

The. writer has since had opportunity to test the principles hem 
outlined in other parts of the Terrihrp. Apparently they RW effec- 
tive in developing .features of these types over most of interior 
Al&s and pmimablp in mbnrctic legions generally where~er the 
essential lithologic conditions exist. 

Sdi f lw th  sfopa.-Mang hdies of detritus, especially thorn 
wl&h form aprons skirting the bases of features of relief, have de- 
veloped evenly-doping sur fam thnt extend without break or notable 
irregularity from their bases to their rmrnrnits. The base of guch a, 

dope is ~qMTAe~ted by the line along which the material is worn 
away, such as the course of a s t m m  or the margin of a flood plain; 
the summit by the line of accession of new material-generally by a 
hedrdk feature near the top of the valley wall or the summit of the 
feature which the slope .flanks. (Sea PI. VII, A, R.) In an ad- 
vmmd stage of development these slopes may m e w  above with the 
rounded summits of dgbris-covered hills or r idw,  and their lower 
margins meet not only along &ream courses, hit at  the httom of 
hroad V-shaped pas= in divides. The angle of slope is determined 
largely by the transporting ~b i l i ty  of the streams eroding their bases. 
Where a &ream is incompetent to remove the materials delivered to it 
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flat, it is partly or completely bounded by a marp that drops off to  
lower levels. The scarp face is commonly devoid of soil and vege- 
tation, is m p o m d  of angular talus blocks, and is *p, exhibiting 
approximately the angle of repose for its component materials. Tho 
surface of the flat near the scarp exhibits coarser materials and has 
less soil and vegedation, less surface W R ~ P ?  and less evidence of 
mliflu&ional activity than the surface farther back In a series of 

4 terracathere is generalIy to  be found nt thc base of each scarp either 
m r r f m  water or a growth of m(~i~ture-10ving plants. Farther out 
on the flat surface water is absent and the moisture-loving plants give ' way to more arid forms, and near the d o ~ n w ~ r d  warp both soil 
snd vegetation are lacking and the bold talus slope drops off to  the 
level of the succeeding terrace. 

Evidence of 8oliRuctisnal adivity is generally present oTer the 
f?a$ md-, its intensity corresponding with the abundanm of soil 
and the conditions favoring sttturation. In general soil is more 
abunrinnt and mare complehly and constant,ly mtarnted n t  the inner ' 
margin of a ternam, a t  the center of a flat hilltop, or at the hill 
r n a r g i ~ " ~ ?  &'paw, Apparently solifluckion ia more active in such 
sitl~ntions and is gradually less intense toward the outer mdrgins of 
the flab, until at  the rim of the scarp it practically dim oat. 

uv> .-*mhb. The cornpopeat materials of these features am, without exoep- , * 
' tion, of distinctly local origin. The cmrser materids nre angular 

or mbnngular ~rnd not waterworn. The materiah nre more uniformly 
: pt the outer margins of the ten* where the rock f m g- 

-3 .,p' 
menk urn in contact and interdices am open. Farther bnck from 
the warp fine mnkrials are more abundant and are pee~lliarly dis- 

c tributed among the coamr materials, gi-cing rise to frost-henved 
mounds where they are preponderant, surro~mded by depremed aonw 
in which fine rn~t~rinls are absent and cmrse,mrthrials are in con- 
t***.,Still farther back toward the inner margins of the terrnce~ 
pltlstic A+hidual clays predominate over othsr materials, and the 
larger mk'fragmmts are not suficientb in Contact to give rigidity 
to the mass. However, even whcm the clays are most abundant it 

. is not uncommon to find large blocks of fresh rock prdrudmg from 
the snrface of the flat. 

3 .  The- size of the materials composing the scarps of these featurn 
varies greatly. In places talus blocks weighing many tons are in- * 

a cluded ; elsewhere a scarp mag contain only rock f mgmenhq measus- 
, ingnotmomthan a few inches. Mofepnemlly the materids o f .  

t .  
the scarps measure from 1 to 3 feet in longest dimension. PInte TX, 
C ,  ~hows an nltiplanatim Cemnce in the M ~ p t x a  Mountains that 
indudes granite b l h  10 to 12 feet in diameter. Plate X, A, & m a  
an alkiplsnatioa featum 10 miles north o f  Tanma developed in 
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The conditions essential to the process of altiplanation probably 

I 
include wbarctic temperatures, rocks of coarse fragmental character 
that are BEOW in comminution and decomposition, low precipitation, 
absence sf strong vegetal growth, and a long pe r i d  of time. Thew 
conditions have b ~ e n  met in many parts of the Yukon-Koyukuk 
.region, and the resultant features lmally give a mast imposing aspect , 
to the topography. 

Alluvial gold is apparently widely distributed in the Yukon- 
Kopukuk region, but except thme of Indian Rirer the deposits have 
thus far shown but little economic importance. Gold prospects have 
k n  found on a number of northerly tributaries of tha Yukon, from 
Morelock Creek westward to Melwitna River. A little desultory 
mining has been done on Morelock and Grant creeks, but the produc- 
tion frdm this whole section of the region has been negligible. 
detive placer mining on rt small scale has bewr in progress since 
f 911 on Indian River, in the northern part of the region. A little 
gold has algo been recovered from the sonth bank of the Koyuhtk 
at a, plam crtlled Red Mountain, a few miles above Rugha Gold 
is said to occur also on some of the southerly tributaries of the 
Kayukuk below Indian Rirer and on an eastern headwater of Kanuti 
Riper, 

There am no gold lode mines in the. region and bult e single prw- 
pect. This prospect is on the north side of the Yukon near the bank, 
about 80 miles helow Tannna, and has the distinction of being the 
£kt  &tempt to develop a lode mine in the interior of AIaska. It w a ~  
opened nbont 1890 "but was abandoned soon afterward. 

A silver-lead prospect hns been opened on Quartz Creelr, a small 
w&rl9 tributary of the Yukon a few miles below Momlock Creek. 
The mouth of the tunnel is visible from tho Yukon, and apparently 
it is about half a mils from the river and 300 or 400 feet higher in 
elevation. This prospect WRJ not visited by the writer, b!t it is 
described by prqectors as a c l w  stockwork of ailvor-bearing galena 
v&ns cuttiiig limedone for a width of abmt 10 feet. Specimens 
from the deposit contain e l e n a ,  quartz, calcite, and ferruginous 

' materials. The plena in plawa forms veins sevesaI inches across, 
but usually it occurs as smaller stringers. Much of it shows a 
curved cleavage, indicating the pmcnce of impurities, possibly due 
to the silver. The quartz gangue is in pad mi% vein quartx, 
stringers of which separate the pnIena veins in the stockwork. me 

~ M d d m ,  A. G.. The Innoko gold-placer dl&rlct, Alaskn: tr $. O w L  Survey Bull, 
410, p. 82, 1910. 



contacts between the milky quartz and galena are irregular, and 
in places the extensions of quartz into the gnlena mass hare a clear 
glaasg aspect. Them are also clear, glassy, enhedm1 quartz, crystals 
embedded in the galena that are not connected with the vein quartz. 
The ores are said to contain gold and ~ i l v e r  in profitable amounts, 
the silver content having the greater value, but no tests were made 
by the writer to  rerifg this stakment. 

sy 
IHDIAX ItrVER QOLD PLACER% 

I I CfEhXRAL FEA-9. 
? .  

principal placers of the Indian River district are on the main 
dream from 3 to -5 miles below its source. A little goEd has a h  been 
folrnd on Black Creek, a southerly tributary near the head of Indian 
River, and'on Utopia Creek, which joins Indian River from the west 
just b l o w  the principal placers of the main stream. Prospects are 
said to have been found also on Pocahontas Creek, which heads 
against Utopia Creelr and flows southward into Indian River neaF 
its mouth, 

The gold-bearing deposits of Indian River are almost entirely - 
in the immediate bed of the &ream. At one place the pay streak is 
under the east bbak of the stream for a short distance, but the gold- 
bearing stratum is on a level with the stream and does not indicab 
a true bench deposit. The auriferous gravels are 2 to 6 feet deep 
and have rtn average width of about 50 feet. The 'bedrock throughout 

- the area of profitable placer ground, eseept on Black Creek, is granite, 
and the placers are made up chiefly of granite sands and resid~lal 
bowlders from locnl bedrock murces. The bowlders hare been pra- 
d u d  by'concentric weathering of the granite rather than by water 
wear and hove k e n  concentrnbd in the stwarn bed by the flow at  
waste from the hillsides under frost action and the remoral of the 
h e r  ma-t;erials by the dream. The bowlders make up most of the 
deposits on Indian River and form a considemble hindrance to 
economical mining. 

Black Creek has not been extensively prospected, but it is reported 
that placer gold in paying q~rantities h ~ s  been discovered a t  one point 
in the valley. The depth to bedrock is about 20 feet. The placer is 

3 reported to ham a width of about 12 feet. m e  dream is only abwt 
I 2 miles in length, and the hendwmd part of the vnlley is vev narrow 

and steep sided. This locality is outside of the granite area and in 
the margin of the altered Mesozoic rocks, so that the pIacem are quie 
different from those of Indian River. The materials include small, 
well-rounded cobbles and bowlders which offer no hindrance to min- 
ing operations. 
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