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EXP LANATION
T h is map sh ow s th e distribution of unconsolidated deposits and undifferentiated
bedrock in parts of th e Livengood C-3 and C-4 quadrangles, T olovana mining
district. U nits w ere mapped by interpreting 1:63,360-scale, false-color infrared
aerial ph otograph s taken in August 1978 and August 1986, and verified during
five days of field ch ecking in 2003 and tw o days in 2011. T ailings w ere mapped in
th e w estern Livengood Creek area on 1:6,000-scale aerial ph otograph s taken in
2001; additional disturbed ground is expected as exploration and mining continue.
Bedrock geology w as mapped by Ath ey and Craw  (2004) and Ath ey and oth ers
(2004a,b).

DESCRIP TION OF MAP  UNITS

UNCONSOLIDATED DEP OSITS

ALLU V IAL DEP O SIT S

CO LLU V IAL DEP O SIT S

LANDSLIDE DEP O SIT S— Matrix-supported silty diamicton w ith  numerous
angular to subangular pebbles, cobbles, and boulders of Amy Creek dolomite and
limestone and Amy Creek siliceous mudstone and ch ert east of low er Amy Creek.
P reviously mapped as debris fan and rew orked loess by Ath ey and oth ers
(2004a,b). Slide in th e vicinity of low er Amy Creek measures l.37 km long by up to
1.1 km w ide, and th e 3.5-m-th ick slide deposit is composed of th ree 0.8- to 1.5-m-
th ick, very pale brow n (10Y R8/3) to reddish  yellow  (7.5Y R7/6), massive, h orizontal
beds th at could indicate a h istory of th ree failure events. In th at section, th e slide
overlies th rust-faulted Amy Creek dolomite and limestone bedrock (Ath ey and
oth ers, 2004a,b) th at is altered to dark yellow ish  brow n (10Y R6/8) to w h ite
(10Y R8/1) and contains lenses of rotated, angular fragments of dark gray Amy
Creek siliceous mudstone and ch ert. T h e slide is overlain by ~1.3 m of artificially
emplaced silty mining debris. T h e slide on th e w estern flank of th e bedrock ridge
betw een Lucky and Goldstream creeks is deeply dissected, and th e slide h eadw all
at ~530 m (~1,750 ft) elevation is subdued, indicating th e antiquity of th e deposit.
Discontinuously frozen w ith  low  to moderate ice contents.

Qcl

CORRELATION OF MAP  UNITS

U NDIFFERENT IAT ED ALLU V IU M— Ch iefly moderately to w ell-sorted,
stratified, polymictic pebble, cobble, and boulder gravel, sand, and silt comprising
ch annel and overbank deposits of generally small streams. Clasts of th e local
bedrock are rounded to subangular. Locally auriferous. U nfrozen to
discontinuously frozen w ith  low  to moderate ice contents1.

Qa

T ERRACE ALLU V IU M— Ch iefly moderately to w ell-sorted pebble and cobble
gravels w ith  some silty sand and local silt lenses no longer flooded by th e streams
th at deposited th e alluvium, w h ich  is locally auriferous. Covered by 1 to 2 m of
overbank silts and sands. Locally covered by several meters of retransported silt
and low land loess. May include several levels. Locally subject to inundation by
seasonal slope and stream icings. Continuously to discontinuously frozen w ith  low
to moderate ice contents.

Includes BENCH  ALLU V IU M (Q fb)— Locally auriferous, oxidized alluvial gravels
th at are present on bedrock bench es w ell above local streams as a result of a long
and complex h istory of stream piracy and tectonic deformation in th e Livengood
area (Mertie, 1918, 1937; Cobb, 1973; Ath ey and Craw , 2004). O n Livengood
Bench , 3 to 15 m of crudely bedded, moderately to w ell-sorted, subrounded,
oxidized, polymictic pebble and cobble gravels w ith  some sand; contains organic
and inorganic silt lenses up to 8 m long and 0.5 m th ick w ith  scattered fossilized
w ood fragments and stumps up to 0.3 m in diameter. O ne silt lens contained late
Miocene to P liocene pollen (Karl and oth ers, 1988). T h e bench  gravels are 15 to 25
m above th e modern drainage and are overlain by 15 to 40 m of frozen,
retransported silt and low land loess. T h e age of th e th ick, fine-grained overburden
is bracketed by th e ages of tw o samples of w ood from th e base of th e silt, w h ich  are
dated at 28,470 ± 600 RC yr B.P . (Beta-6026) and 29,460 ± 480 RC yr. B.P . (Beta-
6025), and a single w ood date from 2 m below  th e top of th e exposed frozen silt
th at dated 26,410 ± 540 RC yr. B.P . (Beta-6027) (W ayth omas and oth ers, 1984).
Continuously to discontinuously frozen w ith  low  to moderate ice contents.

Qat

Qfb

EXP LANATION OF MAP  SYMBOLS

EO LIAN DEP O SIT S

CO MP LEX  DEP O SIT S

P ALU DAL DEP O SIT S

MAN-MADE DEP O SIT S

BEDRO CK

FRO ZEN LO ESS W IT H  CO NSIDERABLE GRO U ND ICE— O n north -, east-, and
w est-facing upper and middle slopes, a blanket 1.5 to 14 m th ick of massive to
laminated, very w ell sorted eolian silt typically contains soil h orizons and organic
layers (Kreig and Reger, 1982, plate12). T ransitional on middle slopes w ith
retransported silt and low land loess covering low er slopes. T h ickness increases
from Livengood north w ard tow ard th e main source of eolian sediments in th e
Y ukon River low land (W illiams, 1962; Brow n and Kreig, 1983; Muh s and Budh an,
2006). P erennially frozen to w ith in ≤1 m of ground surface and locally contains
massive ground ice (Kreig and Reger, 1982, plate 12, table 18). Dissected by
dendritic, pinnate gullies w ith  convex w alls and narrow  floors (Kreig and Reger,
1982, plate 12, fig. 8). T ree cover is dominantly black spruce forest mixed w ith
scattered paper birch ; large black spruce trees and w illow  sh rubs follow  drainages,
w h ere perennially frozen ground is deeper. Includes unit Q e of Ath ey and oth ers
(2004a).

Qelx

MIX ED CO LLU V IU M AND ALLU V IU M— P rimarily elongate, massive to poorly
stratified, generally inorganic silt (loess) mixed w ith  locally auriferous, sandy,
angular to subangular, pebble and cobble gravels w ith  scattered boulders derived
from w eath ered bedrock uplands. Deposited in th e upper drainages of small
tributaries by debris flow s and h yperconcentrated flow s produced during brief,
intense, local summer storms. Grades dow nvalley into retransported silt and
low land loess and stream terraces at th e margins of low lands. Colluvial processes
> fluvial processes. Surface sligh tly uneven. Discontinuously to continuously
frozen w ith  low  to moderate ice contents.

Qcf

SW AMP  DEP O SIT — Elongate deposit of silt and organic material in
impoundment basin beh ind H ess Creek dam, w h ich  w as filled to seasonally supply
w ater for mining purposes until 1984 and drained in w inter to allow
embankments and related structures to refreeze (Brow n and Kreig, 1983). A
ph otograph  taken on 07/22/2011 during an aerial survey by DNR personnel
revealed th at th e impoundment basin is drained.

Qs

T H INLY  CO V ERED BEDRO CK— Subcrops covered by <0.9 m of loess and frost-
rived and w eath ered bedrock. Bedrock structures visible th rough  th in veneer of
surficial debris.

b'

LO ESS— A blanket generally <1 m th ick of massive, very w ell sorted eolian silt
w ith  th in, local, oxidized w eath ering profiles and traces of organic material covers
ridge crests and upper south -facing slopes. Small, frost-jacked angular rock
fragments are locally present close to underlying w eath ered bedrock. Sections
exh ibit lamination parallel to th e ground surface resulting from th e formation of
th in, ground-ice lenses during seasonal freezing. P ermafrost is absent. Dissected
by concave-floored gullies separated by parallel to subparallel, rounded, low  ridges
w h ere loess is th icker (Kreig and Reger, 1982, plate 11, plate 12, fig. 8). T ree cover
is a forest of closely spaced, mixed paper birch  and w h ite or black spruce or pure
stands of paper birch , except on steep, dry, south -facing slopes w h ere stands of
quaking aspen dominate a w oodland of scattered, mixed w h ite birch  and w h ite
spruce. Includes unit Q e of Ath ey and oth ers (2004a).

Qel

RET RANSP O RT ED SILT  AND LO W LAND LO ESS— Ch iefly massive to
laminated organic silt and silt w ith  trace to some fine sand, lenses and tongues of
locally derived gravel, and scattered to numerous angular rock fragments
(particularly in upper valleys of small, eph emeral streams). Deposited primarily
by h yperconcentrated flow s (T uck, 1940; T aber, 1953, 1958; Costa, 1988; Fraser
and Burn, 1997) draining w eath ered bedrock slopes th inly covered by upland silt
(loess) and generated by th aw ing ice-rich  perma-frost or during brief, intense
summer rainstorms. Complexly mixed w ith  gelifluction and debris-flow  deposits in
upper stream drainages and primary airfall loess in low land sites (Kreig and
Reger, 1982). T ransitional on middle slopes w ith  frozen loess containing
considerable ground ice. Fluvial processes >> colluvial processes. Low land
surfaces fairly smooth  w ith  scattered open-system pingos and local th ermokarst
pits, ponds, and lakes. Erosion on slopes by eph emeral drainages produces
subparallel gullies separated by linear ridges and ellipsoidal and triangular
remnants th at are generally sh allow ly frozen, except beneath  w ell developed
aspen and birch  on upper south -facing aspects (Kreig and Reger, 1982, plate 11).
May be subject to seasonal stream and slope icings. Locally contains fossil remains
of late P leistocene mammals. Continuously to discontinuously frozen w ith
moderate to h igh  ice content; locally contains considerable massive ground ice
(Kreig and Reger, 1982, plate 12) (yedoma of Kanevskiy and oth ers, 2011).
Includes unit cf of W ayth omas and oth ers (1984) and units Q cfl, Q cfu, and Q e–c of
Ath ey and oth ers (2004a).

Qer

P LACER T AILINGS AND ART IFICIAL FILLS— Ch iefly gravel mixed w ith
angular to subangular rock rubble, sand, and silt in placer-mine tailings, ditch es,
active surface-mine pits, and borrow  pits for road construction or h eterogeneous
fine-grained excavated overburden and fillings of siltation ponds. Extents
determined on 1978 and 1986 aerial ph otograph y, except in w estern Livengood
Creek area, determined on 2001 aerial ph otograph y. Includes fluvial deposits in
valley bottoms and fluvial–colluvial sediments in upper drainages th at w ere
mined for placers (Mertie, 1918; 1937; Cobb, 1973; Karl and oth ers, 1988).

REFERENCES CITED
Athe y, J.E., and  Craw, P .A., 2004,Geologic maps of th e Livengood SW  C-3 and
SE C-4 quadrangles, Alaska: Alaska Division of Geological & Geoph ysical Surveys
P reliminary Interpretive Report 2004-3, 24 p.
Athe y, J.E., W e rd on, M.B., Ne wbe rry, R.J., Szum igala, D.J., Craw, P .A.,
and  Hicks , S.A., 2004a,Geologic maps of th e Livengood SW  C-3 and SE C-4
quadrangles, T olovana mining district, Alaska: Alaska Division of Geological &
Geoph ysical Surveys P reliminary Interpretive Report 2004-3a, 1 sh eet, scale
1:50,000.
Athe y, J.E., Szum igala, D.J., Ne wbe rry, R.J., W e rd on, M.B., and  Hicks ,
S.A., 2004b,Bedrock geologic maps of th e Livengood SW  C-3 and SE C-4
quadrangles, T olovana mining district, Alaska: Alaska Division of Geological &
Geoph ysical Surveys P reliminary Interpretive Report 2004-3b, 1 sh eet, scale
1:50,000.

Brown, Je rry, and  Kre ig, R.A., 1983,Guidebook to permafrost and related
features along th e Elliott and Dalton h igh w ays, Fox to P rudh oe Bay: Alaska
Division of Geological & Geoph ysical Surveys Guidebook 4, 230 p.

Cobb, E.H., 1973,P lacer deposits of Alaska: U .S. Geological Survey Bulletin
1374, 213 p.

Cos ta, J.E., 1988,Rh eologic, geomorph ic, and sedimentologic differentiation of
w ater floods, h yperconcentrated flow s, and debris flow s,in Baker, V .R., Koch el,
R.C., and P atton, P .C., eds. Flood geomorph ology: New  Y ork, Joh n W iley & Sons,
p. 113–122.

Fe rrians , O.J., Jr., 1965,P ermafrost map of Alaska: U .S. Geological Survey
Miscellaneous Geologic Investigations Map I-445, 1 plate, scale 1:2,500,000.

Fras e r, T.A., and  Burn, C.R., 1997,O n th e nature and origin of “muck” deposits
in th e Klondike area, Y ukon T erritory: Canadian Journal of Earth  Sciences, v. 34,
p. 1,333–1,344.

Jorge ns on, Torre , Yos hikawa, Ke nji, Kane vs kiy, Mikhail, Shur, Yuri,
Rom anovs ky, Vlad im ir, Marche nko, Se rge i, Gros s e , Guid o, Brown, Je rry,
and  Jone s , Be n, 2008,P ermafrost ch aracteristics of Alaska,in Kane, D.L., and
H inkel, K.M., eds., P roceedings of th e Ninth  International Conference on
P ermafrost, Fairbanks, Alaska, U niversity of Alaska Fairbanks, p. 121–122.

Kane vs kiy, M., She r, Y., Fortie r, D., Jorge n s on, M.T., and  Ste phani, E.,
2011,Cryostratigraph y of late P leistocene syngenetic permafrost (yedoma) in
north ern Alaska, Itkillik River exposure: Q uaternary Research , v. 75, no. 3, p.
584–576.

Karl, S.M., Age r, T.A., Hanne m an, Karl, and  Te lle r, S.D., 1988,T ertiary gold-
bearing gravel at Livengood, Alaska,in Gallow ay, J.P ., and H amilton, T .D., eds.,
Geologic studies in Alaska by th e U .S. Geological Survey during 1987: U .S.
Geological Survey Circular 1016, p. 61–63.

Kre ig, R.A., and  Re ge r, R.D., 1982,Air-ph oto analysis and summary of
landform soil properties along th e route of th e T rans-Alaska P ipeline System:
Alaska Division of Geological & Geoph ysical Surveys Geologic Report 66, 149 p.
Me rtie , J.B., Jr., 1918,T h e gold placers of th e T olovana district,in Brooks, A.H .,
and oth ers, Mineral resources of Alaska— Report on progress of investigations in
1916: U .S. Geological Survey Bulletin 662, p. 221–277.

———1937,T h e Y ukon–T anana region, Alaska: U .S. Geological Survey Bulletin 872,
276 p.

———1958,Complex origin of silts in th e vicinity of Fairbanks, Alaska: Geological
Society of America Bulletin, v. 69, p. 131–136.

Muhs , D.R., and  Bud han, J.R., 2006,Geoch emical evidence for th e origin of late
Q uaternary loess in central Alaska: Canadian Journal of Earth  Sciences, v. 43, p.
323–337.
Tabe r, Ste phe n, 1953,O rigin of Alaska silts: American Journal of Science, v.
251, p. 321–336.

Tuck, Ralph, 1940,O rigin of th e muck–silt deposits at Fairbanks, Alaska:
Geological Society of America Bulletin, v. 51, p. 1,295–1,310.

Waythom as , C.F., Te n Brink, N.W ., and  Ritte r, D.F., 1984,Surficial geology of
th e Livengood B-3, B-4, C-3, and C 4 quadrangles, Alaska: Alaska Division of
Geological & Geoph ysical Surveys Report of Investigations 84-6, 1 sh eet, scale
1:63,360.
William s , J.R., 1962,Geologic reconnaissance of th e Y ukon Flats district, Alaska:
U .S. Geological Survey Bulletin 1111-H , p. 289–331.

ACKNOWLEDGMENTS
W e th ank th e staff of T alon Gold Livengood for permission to enter th eir busy
mining properties and for providing logistical support. Doug Baker kindly allow ed
access to h is placer properties on upper Livengood Bench . T h e friendly h ospitality
of Larry Nelson, w h o let us camp at h is placer mine, w as greatly appreciated.
Several field colleagues, including Jen Ath ey, Rainer New berry, Dave Szumigala,
and Melanie W erdon, mapped bedrock in th e Livengood area and provided data
th at better delineated outcrops and subcrops in our surficial geology map. T yler
Cole, U .S. Bureau of Land Management in Fairbanks, efficiently provided GIS
coverage of th e recently mined area on upper Livengood Bench , w h ich  is
incorporated into our map. Assistance in th e field during 2003 w as provided by
Carrie Brow ne and Lauren Staft of DGGS. W e w elcome th e insigh tful comments
made in 2003 at th e terminus of th e ancient, large landslide on low er Amy Creek
by Florence W eber (U SGS) and De Anne Stevens (DGGS). Review  comments by
Diana Solie and T rent H ubbard th at h elped complete and clarify th is report are
greatly appreciated.

Funding w as provided to DGGS for th is w ork by th e State of Alaska and th e U .S.
Geological Survey (National Co-operative Geologic Mapping P rogram, ST AT EMAP
aw ard number 03H Q AG0055).
_____________________________________
1 Th e extent of perennially frozen g round  is continuous w h ere perm afrost und erlies >90
percent of th e area, is d iscontinuous w h ere it und erlies 50–90 percent of th e area, is sporad ic
w h ere it und erlies 10–50 percent of th e area, or consists of isolated  m asses w h ere it und erlies
<10 percent of th e area (Ferrians, 1965; Jorg enson and  oth ers, 2008). Ice content is assum ed
to b e low  w h ere estim ated  g ravim etric soil m oisture is <25 percent relative to d ry w eig h t, low
to m od erate w h ere estim ated  g ravim etric soil m oisture is 25 to 50 percent relative to d ry
w eig h t, and  m od erate to h ig h  w h ere estim ated  g ravim etric soil m oisture is 50 to >1,000Contact— Identity and existence certain, location approximate
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EX P O SED BEDRO CK— O utcrop and rubble crop th at sh ow  no evidence of
dow nslope displacement.b
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North  w all of form er Liveng ood  P lacers, Inc., m ine cut,
sh ow ing  retransported  low land  silt overlying  oxid ized
auriferous stream  g ravels containing  late Miocene–P liocene
pollen ab ove faulted  g reenstone and  silic ified  d olostone (Karl
and  oth ers, 1988), south eastern Liveng ood  C-4 Quad rang le
(ph otog raph  taken 08/20/2003 b y P .A.C. Burns2).

South w est-facing  m ine-cut exposure at term inus of oxid ized
land slid e d eposits overlying  th rust-faulted  Am y d olostone in
low er valley of Am y Creek, south w estern Liveng ood  C-3
Quad rang le. Scale rod  is 2 m  long  (ph otog raph  taken
06/19/2011 b y R.D. Reg er1).


