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&nt investigations of the Dendli MCh gravels near l%nali, 

Alaska, incltding seismic refraction masurements, have defined a 

deposit of gravel containing approximately 35,000,000 cubic yards of 

auriferous material. Nearly a square mile in area and averaging 45 feet 

or mre in thickness, it extads  north and south of the presmt VUdez 

Creek. Sanple data obtained frcm private sources and previous work in- 

dicate that gold values, caquted at $35 per ounce, range fmm 50 cents 

b $1.20 per cubic yard and are distributed throughout the blanket. 

Although mi-ts in bedrock depressions or incised &annels hewe 

focused mst previous mining efforts and would continue to play a 

supplenmtary role, the disseminated gold val-s in the gravels consti- 

tute the primary e m d c  potential of the district. Potatial resour= 

value at 50 cents p r  cubic yard is in ex-s of $17,000,000. 



The Valdez Cr& placw: disMct was dismeredl in 1903 and has 

sin- been mined and q l o r e d  intemittently up to the present. Gold 

production until 1936 was e s t i m a t d  at $1,250,000 (at $35 per ounce) , 
nearly all of which  can^ frcm plaaers (Tuck, 1938, p. 113) . 

During 1968-69 the area w a  as past of the U. S . Geologi- 

c& Survey's Heavy t4 ta ls  Pmgram. This brief rep* considers only .the 

plaaer deposits near the abandoned tam of hmli  and integrates earlier 

published information w i t h  new seismic refraction data to give resourae 

estimates for &e gold bearing gravels. 

The Denali plaoer area is located appmxirnabdy midmy beween the 

tcwns of Paxson and Can-11, Alaska, near the mnfluence of Valdez 

Creek w i t h  the Susitna River. It lies 5 miles north of the Denali 

Highway and is accessible via an unimproved r d  that joins the highway 

near milepost 77. Tm unimproved &=.trips in the area are also acoess- 

ible to l ight  aircraft (fig. 1) . 



- klalc mfractim o m f i l ~  
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m l a t i a  by T.E WM. 1N9 

figure 1. Index map of the Denali pla- area, Hedy A-1 quadrangle, Alaska. 



Bedrock 

The Denali, ben& gravels are &lain by metaimrphic rocks that are 

g r a d a t i m  frm dark gray argillite and greenish graywackes at the south 

end of the area to dark lineated phyllites north of DendLi. LncaUy, 

interbed shearing and minor folding has produd slaty cleavage within 

both phyllites and higher grade argillites. In the extrePtle no- end 

of the map area, the phyUi*s are distinctly spta w i t h  clots of 

poikiloblastic biotite. 

The gradational bedrock squence lies in the 1- grade part of a 

regional metmmqhic terrain. Bedding and foliation atkitudes dip gently 

northward across the area, but are omplicatd locally by small scale folds 

and n m u s  faults. The mtamrphic zonation is imprtant to  the present 

sb,dy because seismic velociq varies w i t h  tZle degree of recrystallization. 

Slight velocity differences along profiles may also in part reflect varying 

attitudes of m-tmr~rphic foliation. 

Gravel Deposits 

The Denali bench gravels, as discussed ard jnformaLly namd in tbis 

report, include M the auriferous alluviw on the bedrock bench adjaoent 

to Valdez Cseek and local channel fillings deposited. in incised cuts within 

the bench. The deposits are distributed in a broadly curved belt extc3nding 

northeast and southwest of the present Valdez Creek (fig. 1). 

Early mining activitq and geology of the previously active deposits 

has k e n  discussed by m f f i t  (1912) , Ross (1933) , and Tuck (1938) . The 

reader is referred to these reports for m e  cmplete information on the 

early history of the district. 



e Mining efforts in the gravels surrounding Mali were mainly mn- 

i centrated along a deeply incised q n  cut by the ancestral 

Valdez Creek and later filled w i t h  auriferous gravels. This buried 

canyon --. called the Tamsaany Channel - and its dmtream -ion, 

the Dzy Creek Cut, were f i l led by mkrately sorted f lrrvial gravels, 

sin- ramved. by hydraulic mining activiw. aonaentratiolls of 

subrounded boulders are ccnmrm near the &annel kt-, and quartz 

diorite, schist, and argillite represmt the mst abundant Uthologies 

in the gravels. In undergmud workings driven along the channel bottm 

mrth of the Tamnany Cut, a thin lwer of &amps& phyllite and slate 

b&ro& yielded mst of a e  values reaxered (oral ooaran. , J. Herman, 

1969), although all of the f i l l  is -ported to can* fine gold (Mss, 

1933, p. 450). Saour-and-fill struees are prevalent in the lower 

part of the channel, but give way to evenly bedded material near the top. 

Mmmmw, discontinuous horizons of rounded or subrounded cobbles are 

present throughout the gravels. A l l  detritus appam to be derived from 

the Valdez Creek drainage; no exotic Lithologies suggest that glacial 

debris from other drainages has been incorporated in .the deposits. 

In addition to the channel fillings, a broad blanket-like deposit 

of w e l l - b d d e d ,  auriferous gravels extends over the Mali axea away from 

the ancestral and present Valdez Creek. Several mining operations s i n e  

1940 have k e n  sustained by gold distributed throughout this blanket, 

e .g. , in the south w a l l  of Valdez Creek across £ran Denali (fig . 2) and 

near Peter s  Creek. 

The V-shaped mss-section and large rounded boulders in the buried 

channel record a period of vigorous erosion - perhaps during an early 

Pleistocene interglacial stage. R ~ m c u t t h g  during th is  was to a 



Figure 2. Placer cut i n  bench gravels, looking south across Valdez Creek 
from M a l i .  (Photo taken in 1946, aourtesy of L.B. Kercher.) 



base level near the present Susitna Valley. A subsequent local raise in 

base level, probably attrjcbutable to an advane of the Susitna glacier, 

initiated a lmg perlad of agqadation during whi& the canyons were filled 

and s-g benches oovered by bedded fluvial gravels. Within the 

gravels, a general absam of smur-and-fill structures e x q t  in the 

deeper chmnds, distinct bedding, dips 1- than mo degrees, and la& 

of Ixding relation to me imegular bedrock surface all suggestmderate 

energy deposition on a gentle alluvial plain. In view of their areal oon- 

figuration parallel to the Valdez Creek Valley and their intend character, 

the author interprets the gravels as a broad proglacial oulmash deposit or 

valley train belaw the stationary or retreating teminus of Ule Valdez 

Creek glacier. The *stern side of the aggradational oulxmsh plain was 

apparmtly bounded and d s s t r u c t d  by the Susitna Valley glacier, deflecting 

the proglacial deposits southward along ~e muntain front. 

A final advanoe and rapid retreat of the Valdez Creek glacier has 

mantled ehe amash plain w i t h  a thin, irregular ground mraine mrplex 

o o n ~ g  a b b t  angular boulders of lithologies indigenous to the 

Valdez (keek basin. The morainal oanplex is rarely mre than ten feet in 

thickness, although locally its surfae is undulatory and marked by nuwirous 

lm ridges and potholes, whose vertical relief also is on the order of 

ten feet. This heterogeneous unit ,  which makes up the present surface, 

is the greatest source of difficulty in obtaining seismic rwords f m  

the area. 

A rejwemtion of Valdez Creek, initiated by withdrawal of the Swim 

glacier and s i m d ~ u s  lowering of base level, has resulted in the deep 

gorge through which the present creek flws -- approximately 20 f e t  laver 

than the floor of the ancestral meek, nuw exposed in the Tammany Cut. 



SEISMIC RE3mmION STUDIES 

Nethods of Data Collectitm 

A lid- n m h r  of shallcw refraction measmemmts were made during 

1969 to aid in estimating the total volm of gravel present rn the DenaLi 

km& and to detexdne whether otber buried d~annels, atgarable to the 

Tamany d.lannel, have bm exodsd into the h c h  nearer me mnmbins. 

The locaticms of profiles shot in the present st* are shaJn m figure 1. 

Seismic data were collected using an E l e ~ ~  l24xam~21 portable 

refraction unit. The PRA-2-12 anplifier bank, SIW-100 oscillograph and 

paver supply were munted in an enclosed, tracked vekicle, praviding off- 

road qability in locating the profiles. Welve 4.5 q s  geophones 

(EUS-8) wsre p l a d  at 50 foot intervals along all spreads shot i n  the 

current study. 

In order to minimize near-surfam velociw variations in ihwed 

swanps and mrainal debris, t31e dah viere xemrded in late May before 

active-zone ground ice had thawed helm a few inches. W i t h  few excep- 

lions, a l l  geophones were aplaazd directly in the from surfaae layer. 

A satisfactory amustic ooupling was abtahed by similarly placing all 

shots in holes dug into the frozen layer or in shallow ponds an the 

frozen surfaae. ~nergy soures used were standard 40% dynami* and varied 

£ram cme to eight sticks depending an record quality and offset d i s t a n e  

to the spread. A l l  profiles wexe reversed and, with the exeption of 

P r o f i l e  V (fig. 4 ) ,  were  shot at  least Wce in the same direction f m  

different offsets; this tedmique pravided the n e e s s q  redundancy for 

establishing kdm& velocities and local departures frcsn Linear tire- 

distance curves. 





(7
: 

*
~

T
B

 
a
s
 ~

P
-T

 
xo

ir)
 

-A
 p

ue
 1
1
 s

q
-g

o
sc

d
 '

s
u

o
p

a
s

-s
s

o
m

 
pr

x~
l 
s

a
m

 a
m

m
s

fp
a

q
;~

 =
p

 a
d

r
d

 
FE

ET
 

M
fL

LI
LE

[m
M

 

G 
i 

8
 

a 
e3

 
1
 

0
 

0
 

8
 

-
 

- 
d
 

I
 

0
 

0
 

8
 

0
 

0
 

8
 

FE
ET

 
U

IL
L~

S
E

C
O

N
I 

1 



P R 0 F I L E I11 : T I %  DISTbNCE CURVES ARD WOLS-SECTION 

Arrival Tlmu 

E u t  
1W 

Figure 5. T h e d i s t a n c e  m e s  slnd cross-secticm, Profile 111. 
(For location fig. 1) 



P R O F I L E  I V :  TIME-DISTANCE CURVES AND CROD-SECTION NORTH 

Intercept Times 120 
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Figure 6. Tine-distance curves and cross-section, Profile IV, 
(For location see Fig. 1) 



Wherever possible, as at the west end of Profilm I and 11, shots 

were placed directly on bedrock in old placer cuts, thus allowing a direct  

caparison of caputed and actual. gravel thicknesses. 9310 drill holes 

shannr on figure 1 provide a d d i t i d  control on interpretations. 

aolcgic cross-sectiofls inferred frclm the M s t - a n o e  c lwes  

are s h m  in figures 3 to 6. Qn all reversed profiles permitting a 

good estimate of suballuvial velmities, the standard time-intercept 

mthod (discussed by Dabrlin, 1962, p. 82) was applied to establish the 

planar bs3drock model shm. only the inn-st data between shot 

points were utilized in these ccmputations; redundant M o m t i a n  frcsn 

greaw offsets was usd m m l y  as a check on correct choice of suballuvial 

veldtis and on lccal variations frm a linear &el. A f t e r  the data 

were cwrectd for d a c e  topography (plotted only on inner data actually 

used), all departures from a linear travel-the cuwe w e r e  interpreted 

as ~ s i a t i a n s  of ~e bedrock surface. These are sham as undulations in 

the basic planar nmdels. 

(In the a d  spreads of Profile I and on Profile 11, the data do not 

p m i t  a good choice of travel-the slope. These spreads were  interpreted 

using the mthd-of-differences ( J a k e ,  B61, p. 725) oomectd for 

appropriate critical propagation angles. The solutions so abtained acoord 

well w i t h  adjacent planar solutions. 

Seismic velocities in un£rozen protions of the gravel blanket vary 

frcnn 3,000 feet per second to 3,800 feet per second. The presence of a 

Wn frozen layer conplicates to scare extent the choice of a repres~tat ive  

velccity for the gravels, and creates a comespanding elenent of mbiguity 



in the interpretations. In water-saturated swap  material, the f i r s t  

energy arrived at a velodty diaxacteristic of the frozen surface, e.g. , 
6,300 feet per second in the center of Profile 111. Havever, h the 

bet* drained areas, as along Profile I, the f r o m  layer velocities 

varied bebeen 3,500 and 5,000 feet per second dqmding on aontent of 

ground ice. An average 1- velocity of 3,500 feet g e r  seaand is ob- 

senred along all profiles exoept in well drained areas in the extrertle 

south; this is intmpreted as characteristic of the thawed ground. 

Catputationdl models obtained assuming this velocity are in reasanable 

agreemat w i t h  drillhole data (personal carm., M. Wall and L. K e r d z e r ,  

1969) and w i t h  outmopping bedrodc in the cuts. 

The ambiguikf arises in the m e a l  part of Profile 111, where the 

velocities in the frozen surface cannot be distinguished f m  similar 

effects pmdurJed by a permafrostm%l. If the! gravels were entirely 

frozen, ~e solu.tim would require the b d r d c  to be deeper than sham 

in order to satisfy .the higher velocity, *us doubling the total amount 

of gravel estimated for this park of the bench. In spite of this srmbi- 

gui.ty, a n u r b r  of factors exist which lessen the probability of perma- 

frost lenses in the gravels. They are: (1) solutians to  the data f i c h  

use the high apparent surface velocity plam bedro& mch deeper than 

available drill results muld Mate, (2) no tim differential occurs 

between the area of possible W m s t  and thawed 3,500 f e t  per second 

makrial near the west end of Profile 111, (3) similarly, no change of 

bedrock veld* is &sen& between the area in question and the thilwed 

region, and (4) the area of possible permafrost is relatively dry be- 

rabfalls in late surrmer; a pmafrost lens would be expcted to mntsibute 



mlmter W g h o u t  the dqr  season. In view of these abservatims, inter- 

pretations in tkis region of anbiguity assutrrt a gravel velocity of 3,500 

feet per second. 

Arry further at-ts to apply s e i d c  methods to the ben& gravels, 

as for exmnple in supprt of an -loration program, should include a 

prehasive evaluation of surfaoe velocities. Such a survey a u l d  ke an- 

ductd w i t h  a port-able seismic unit in the late sumuer seasan, after 

seasand ground ice has mlted. W i t h  the resulting velocity mtrol at 

hand, a very accurate carpilation of bdrmk amfiguration might be ob- 

tained using the techniques and timing of this investigation. 

An inspeckion of the inferred cross-sectians sham that the Denali 

bench is a relatively mmth bedrock srxrfa(3e. M e  undulaticm and 

shallcrw depressions thracterize its relief rather than deeply incised 

c h m l s  such as the Tamnany Channel. Deposits along the Dry Creek cut  are 

the deepest present on the bench. Profiles I and 11 reveal that mining 

oprations in the cut did not extend to the edge of the channel; a con- 

siderable volume of channel fill still d s t s  at this location. E l s d t e r e ,  

the b& is mantle3 w i t h  a blanket of gravel, averaging in thidcness f m  

45 feetin the north to near 75 feet in the south. These general thick- 

nesses are in g o d  agreemmt w i t h  & m t i c m s  along the Valdez Creek 

gorge and w i t h  available drill hole data. 



Gold Values in the Gravels 

S e v w a l  mthods may be applied in assessing the bulk value of a 

deposit s& as that on the Mali bench. Perhaps the best estimates 

of value are those reported ly Ross (1933, p. 451) for the older workings. 

Until 1931, placer opwations in the Tanmny Qlannel had processed approsd- 

mtely 500,000 yards of material, yielding sane 6,750 ounces of gold or 

$236,000 (at $35 5 ounce) . An average valw for all gravel, including 

the bedrock conamtration was about $1.10 per &ic yard. 

Ross also reports that rn the s& side of Valdez Creek, dcxrJnstream 

frm Denali, trhe pmcessing of l O O , O O O  cubic yards of bench material pra- 

d u d  2,850 ounaes of gold, excluding that in the sluice boxes at the time 

of his &tion. His estimate of bulk value, oamputed to present price 

of gold, is near $1.20 p cubic yard. 

Mbre reentestimates have been made for the gravels near Peters 

Creek (see fig . 1) . There, amplete panning of a vertical channel s q l e ,  

tatalling about 16 cubic yards, gave an average value of 50 oents per 

cubic yard, w i t h  little variation mughout the blanket (persod aamm., 

L. B. K e r c h e r ,  1969). 

A d r i l l  hole to bedrock near Prof i l e  I11 suggested also that gold is 

distributed uniformly in the gravels and averages about $1.27 per cubic 

yard, although sore allmane should be made for indwrtmt "salting" 

the open hole (personal aarrsn. , M. 3. Wall and L. B. Kerchw, 1969) . 
During tAe present investigation, numerous mall samples were panned 

frcxn various vertical cutbanks in the gravels. Small ammts of gold, 

v i s i b l e  to the eye, were found in a l l  of these smples except t h s e  taken 

at the very t q  of the gravel blanket. In v i e w  of the very small guantity 

of sanple taken at each locality, these results cannot provide an estimate 



of bulk value. They do hawever verify the extensive distribution of gold 

-but the gravels. 

A amservative estimate of to ta l  worth may be exknded -b the a t i r e  

blanket using the lclwest val* outlined above and m i n h m m  indicated 

dhmsims of the gravel deposit. An hspction of figure 1 s h m  mat 

title az:eal exta t  of the blanket is at least 3,000 f t  by 7,000 Eeet. 

Using these dirmisians and the mininwn thickmss of 45 feet implied by 

the seismic masumamts, a mnservative volume of 35,000,000 cubic yards 

of auriferous detritus may be infemed to mver the Denali ben&. A t  

50 cents per cubic yard, a resourae value of $17,000,000 in gold is 

implied for lhe B n d i  bench gravels. This figure is based on physical 

~ ~ t s  and s q l e  data taken in a limited area near previous placer 

-ations and thus, must be cnnsidered a ptenkial estimate. Further 

exploration. efforts are needed to verify that the bulk values implied by 

this study actmd over the entire gravel deposit. 



The recent studies smunarized in this zprt and the integration 

of older data suggest that significant quantities of d i s s ~ t e d  placer 

gold m y  be present j-n the extensive gravel deposits near Mali .  Within 

the past 30 years, attempts to mine dewsits have been frustrated 

by property fragmntation and physical difficulties such as * presence 

of boulWs w i t h i n  the gravels. Newer tedmiques of exploration and 

modern tedumlogy in handling bulk placers are needed in order W ameve 

sucosss i n  future q l o i t a t i o n  of the deposits. 
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