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INTRODUCTION AND ACKNOWLEDGMENTS 

The reconnaissance geologic mapping and related studies of the Ophir 
quadrangle presented in  t h i s  report are based largely on helicopter-supported 
f i e l d  work by the authors during two weeks in July 1980 and only s ix  days, 
wing t o  curtailment by inclement weather, in June-July 1981. This time d i d  
not permit adequate coverage of a11 parts of  the quadrangle. Previously, a 
few spot observations, related t o  work in adjacent areas, were made just 
within the northern and eastern parts of the quadrangle by Patton in 1960, 
Patton and Chapnan i n  1974, Chapman in 1977, and Patton i n  1978 and 1979. 
Detailed geologic mapping of the  southeast corner of the quadran l e  (Ophi r  
pl ace*-gold mining area) by T. K. Bundtzen and 6 .  M. Laird (19807 of the 
Alaska Division of Geological and Geophysical Surveys was not duplicated by 
the authors, and, with minor modifications, i s  included in t h i s  map and 
report.  The mapping refinements and descriptions of the ultramafic rocks a t  
Mount Hurst by R .  A. Loney and G. R. Himel berg (1984) are incorporated 
a1 so. The general ired geol ogi c maps and bull e t i  ns, and detai led descriptions 
of the placer-gold deposits and mining operations produced from much edrl i e r  
U.S. Geological Survey boat and foot traverses in parts o f  the quadrangle by 
A. G. Maddren (1910), H. M. Eakin (1914), G. L .  Harrington (1919), and J. B. 
Mertie, J r .  (Mertie and Harrington, 1924; Mertie, 1936) were helpful in 
planning the recent f i e l d  work. Geologic mapping in several of the adjacent 
quadrangles, done largely by the authors in the 19701s, provided valuable 
background data. 

We grateful ly  acknowledge the technical assistance of  Susan L.  Douglass 
with petrographic and metamorphic-grade identif ications,  and of Linda M. 
Angeloni with petrographic identif ications and arafting. Paleontologic 
identif ications ( table  1) by David L. Jones, Benita L, Murchey, Anita G. 
Harris, A. K. Armstrong, and W. A.  Oliver, J r . ,  were part icularly helpful and 
provided the f i r s t  pre-Cretaceous faunal ages fo r  t h i s  quadrangle. We are 
indebtea t o  David F. Barnes fo r  supplying rock specimens, col lected during a 
gravity-meter traverse by boat in 1967, from is01 ated ma1 1 outcrops along the 
Innoko River, Our appreciation also i s  extended t o  the s ta f f  of the McGrath 
F i re  Control Station, Bureau of Land Management, for allowing our use of t he i r  
base camp f a c i l i t i e s .  



DESCRIPTION OF rlAP UNITS 

UNCONSOLIDATED DEPOS I T S  

Qa . ALLUVIUM--Si l  t, sand, and gravel in channels and f lood  plains of rivers 
and streams; shown on smaller streams where scale pewits. 
Characterized by bars, oxbow 1 akes, and meander scars; i ncl udes 
some undifferentiated alluvial fans and, locally, placer mine 
tailings. Mapped in major part from aerial photographs. Much of  
the placer gold production in the upper Innoko River, Cripple Creek 
Mountains, and Madison Mountain areas has been from the basal 
gravels in this unit. Thicknesses in mining cuts are generally 1-3 
m and rarely exceed 10 in (Merti e, 1936; Bundtzen and Laird, 1980) ; 
thicknesses elsewhere are unknown, but probably are 10 m or less 
a1 ong smal ler streams and more t h a n  10 m in 1 owl and$ adjacent to 
major rivers. Except in active stream and river channels, unit 
comnonly i s  mantled by muck ranging from less than 1 m t o  about 10 
m in thicknesses 

Q U UNDIFFERENTIATED LOWLAND SILT, SAND, MUCK, AND GRAVEL--Chief l y  f 1 uvial 
depori ts 1 argely over1 ain by muck, plus sane undifferentiated 
alluvial fan, colluvial, eolian, and, near south-central edge of 
map, mi nor g l  aci a1 outwash deposits. Characteri xed by ponds, 
l akes, and entrenched meandering streams in poorly drained 1 owl ands 
and smaller valleys. In minor part may be auriferous; placer gold- 
platinum aeposi t on Boob Creek i s  included. Mapped largely from 
aeri a1 photographs; contacts with adjacent units are approximately 
1 ocated 

'4 t TERRACE ALLUVIUM--Sand, gravel, s i l t ,  and muck; gravel is locally 
auriferous. Mapped on 1 y a1 ong upper I nnoko R i ver and t r  i b u t  ar i es 
in southeast part of quadrangle (after Bundtzen and Laird, 1980) 
and near Folger i'n east-central part of quadrangle, Thickness 
approximately 3-4 m, b u t  poorly known. Unit forms indistinct 
terraces t h a t  l ie approximately 8 t o  60 m above stream level, and 
comnon 1 y over 1 i e a bedrock bench 

PC COLLUVIUM--Silt and intermixed rock debris, mantles hillslopes and 
lower ridgetops; includes some s i l t  of eolian origin, and small 
a1 1 uvi a1 fans. Ponds and swamps are uncmon. Mapping extended by 
interpretation f rwn aeri a1 photographs. Thickness poorly known; 
probably ranges from 2-5 m on hilltops t o  10-20 rn on slopes and the 
tops of lowest hills; not shown where known or interpreted t o  be 
less than one meter thick 



BEDROCK 

Igneous rocks 

TKv VOLCANIC ROCKS--Chief l y  subaeri a1 flows of rhyoli te ,  andesite, and 
minor basalt,  w i t h  some intercalated f e l s i c  tu f f ;  characterized by 
1 i g h t  ye1 lowish- t o  reddish-orange weathered color. Assigned a 
1 a t e s t  Cretaceous and earl  i e s t  Tert i  ary age based on potassi urn- 
argon age determinations ranging fran 62 t o  71 m.y. for  analogous 
units i n  the adjacent Medfra and Unal akleet quadrangles (Patton and 
others, 1980; Patton and Moll, 1985) 

TKc MAF I C TO INTERMEDIATE VOLCANO-PLUTON I C COMPLEX--A 1 tered bas a1 t and 
andesi t e  f 1 ows and hypabyssal intrusive bodies, a1 tered maf i c  and 
intermediate crystal  and l i t h i c  tuffs, minor o l iv ine  basalt and 
daci te  flows, and ra re  small monzonitic bodies, Mapped only a t  
Cloudy Mountain and vicinity.  Assigned a 1 a tes t  Cretaceous and 
e a r l i e s t  Ter t iary  age based on potassi um-argon determinations 
ranging from 65 t o  71 m.y. (Patton and others, 1980) 

TKm MONZONITE--Chiefly small pl utons of b io t i t e  monzonite, b u t  includes 
some quartz montodi ori  te, quartz d i  or i  t e ,  quartz monzoni t e ,  and 
hornblende rnonzoni t e  bodies. Rocks are medi um- t o  coarsecgrained, 
equigranular, and contain 60 t o  85 percent feldspar. Analogous t o  
the  l a t e s t  Cretaceous and e a r l i e s t  Tert iary (66 t o  70 m.y. ) 
monzonite u n i t  i n  adjacent Medfra quadrangle (Patton and others, 
1980) 

TKd UIKES AND SUBVOLCANIC HOCKS--Dikes and small intrusive bodies mostly of 
rhyoli t i c  and intermediate composition, f i ne  grained t o  aphanitic, 
i n  part f i ne ly  porphyritic; comnonly deeply weathered w i t h  a pale 
ye1 1 owish-orange color. happed i n  upper drainage of Innoko R i  ver 
where mainly they intrude Cretaceous sedimentary rocks, b u t  dikes, 
too small t o  be shown on t h i s  map, also intrude sedimentary rocks 
here and elsewhere i n  the quadrangle. Mapped in greater detai 1 by 
Bundtzen and Laird (1980), and assigned a middle t o  Late Cretaceous 
age based i n  part on potassium-argon age of 70.1 m y , ,  from daci t e  
dike a t  head of Spruce Creek. Unit interpretea as l a t e s t  
Cretaceous and earl  i e s t  Ter t iary  i n  age, based on close a f f i n i t i e s  
w i t h  igneous rocks of t h i s  age north of Innoko River and in 
adjacent Medfra quadrangle 

TMg GABBRO--Medi um- and coarse-grained gabbro w i t h  m i  nor diori  t e  and 
basalt.  Mapped between Innoko River and Tolstoi Creek where these 
rocks f om small bodies and s i l l s  or dikes w i t h i n  the chert,  
a r g i l l i t e ,  and volcaniclast ic  rocks, and the sandstone, g r i t ,  and 
a r g i l l i t e  (units TrMc and TrMs) of Mississippian t o  Tr iass ic  age. 
Contact relat ions of most of these bodies are uncertain owing t o  
poor exposure, b u t  the gabbro body a t  the head of Frisco Creek is  
c lea r ly  intrusive w i t h  a hornfelsic aureole. A small gabbro body 



of uncertain affinity,  6 km east of upper Tolstoi Creek, i s  
tentatively included in th i s  unit; th i s  gabbro i s  altered by a 
1 arger intrusive body of monzonite-quartz diori t e  (unit  TKm) and i s  
i n  apparent contact w i t h  hornfel s ic  undifferentiated Cretaceous 
c las t ic  rock of unit Ku. An age i n  the range of Mississippian to  
Tertiary i s  assigned provisionally t o  the gabbro unit; a canagmatic 
re1 a t i  on of these rocks t o  either the rnonzoni t e  (TKm) or the 
peridotite (ph,  pc) units i s  possible 

J u  ULTRAMAFIC ROCKS--Peridoti te ,  auni te, serpenti n i  te, and sane gabbroic 
rocks, known only a t  two s i tes  near L i t t l e  Mud River in northwest 
corner of quadrangle, Contacts at  these s i t e s  are concealed, and 
their  nature i s  uncertain. Veinlets of a fibrous mineral, 3 mn t o  
5 cm i n  w id th ,  cut serpentinite a t  the south s i t e ,  Hornblende from 
a hornblende pegmatite within the Nulato quadrangle a t  the north 
s i t e  gives a potassim-argon age of 151 m.y, (Patton and others, 
1984), and based on th i s  sample a Late Jurassic age is  assigned 

Peridotite, found only a t  Mount Hurst. Divided into two units after 
Loney and Himmel berg (1984); age and structural re1 ationships 
uncertain. Chrmiwn, platinum, and palladium occur in these rocks; 
f ie ld  reconnaissance studies and sampl ing by Roberts (1984) 
indicate a low potential for economic lode or placer deposits of 
any of these met a1 s. 

ph HARZBURCITE TECTONITE OF MOUNT HURST--Domi nant 1 y harzburgi te, 
cont ai ni ng 25-30 percent orthopyroxene, and m i  nor 1 ayers and 1 enses 
of dunite; massive t o  we1 1 fo l  iated (Loney and Himnel berg, 1984) 

pc CUMULATE ULTRAMAFIC ROCKS OF MOUNT HURST--Chief 1 y interlayered dun1 te ,  
wehrl i te, 01 ivine cl inopyroxeni te,  and minor gabbro; isocl inal ly 
f 01 ded (Loney and H imnel berg, 1984) 

Sedimentary and metamorphic rocks 

Ks SANDSTONE, SHALE, AND CONGLOMERATE--Chi e f  1 y f 1 uvi a1 and shall ow-mari ne, 
1 ight-gray t o  01 i ve sandstone, dark-gray to  green s i l  tstone, dark- 
gray m i  caceous shale, and quartz-chert pebbl e congl omerate; may 
include a few thin beds of coal. Poorly exposed and examined in 
f i e ld  only a t  two si tes ;  mapped only near west edge of quadrangle, 
and 1 argely described and photo-i nterpreted fran mapping in the 
adjacent Unal akleet quadrangle (Patton and Moll, 1985). Assigned a 
l a t e  Early ( A 1  b i a n )  and early Late (Cenananian) Cretaceous age 
after Patton and Moll (1985) 



Ku UNDIFFERENTIATED CLASTIC ROCKS--Predomi nan t l y  graywacke and sandstone, - 
very f i n e  t o  medi m grained, medi urn-to medi urn-dark-gray and 
greenish-gray, i n  pa r t  calcareous, w i th  medium-dark gray s i l t s t o n e  
and shale, and minor granule t o  pebble p o l y n i c t i c  conglanerate; a1 1 
are commonly t h i n  bedded, weathered t o  various shades of yellow, 
brown, and red, l a r g e l y  shallow marine t o  nonmarine, and 
unfossi 1 iferous. May inc lude equivalents of the sandstone, shale, 
and conglanerate ( u n i t  Ks), and some or a l l  of  t h e  fo l l ow ing  
Cretaceous uni ts ,  This  and the other Cretaceous un i t s  w i t h i n  the 
area between Beaver and Canadian Creeks south o f  Innoko River  are 
taken 1 argely  from more de ta i l ed  mapping by Bundtten and L a i r d  
(1980) 

Ksc SANDSTONE AND CONGLOMERATE--Chi ef 1 y f ine- t o  coarse-grai ned, greeni sh- 
gray t o  gray, t h i n l y  cross-bedded " s a l t  and pepper" sandstone and 
quar tz-cher t  pebble congl m e r a t e  w i t h  interbedded dark shale and 
s i l  tstone. Subaeri a1 strand1 ine, lagoonal, and coastal  p l a i n  
deposits tha t  grade upwara from the nearshore marine deposits of 
the  underlying u n i t  (Kss). Assigned a La te  Cretaceous age i n  t h e  
Medf r a  quadrangle, and more f u l  l y  described by Patton and others 
(1980). U n i t  poor ly  exposed i n  t h i s  quadrangle, and i d e n t i f i e d  
on l y  a t  east-central  edge of map near head of Fol ger Creek 

Kss FINE SANDSTONE, SILTSTONE, AND SHALE--Fine- t o  medi um-grained, dark- 
greenish-gray, t h i n l y  cross-bedded, f oss i l i f e rous  sandstone w i t h  
dark-gray s i l  tstone and shale. U n i t  probably represents a 
nedrshore marine deposi t ional  environment. More f u l  l y  described 
and assigned an e a r l y  La te  Cretaceous (Cenmanian) age i n  the  
Medfra quadrangle by Patton and others (1980). U n i t  poor ly  exposed 
i n  t h i s  quadrangle, and i d e n t i f i e d  on ly  a t  east-central  edge of map 
between Canyon and Folger Creeks 

K l  s LIHY VOLZANICLASTIC SANDSTONE--Light-gray, tan-weathering, medium- 
grained, f i s s i l e  sandstone and minor micaceous s i  1 tstone; l o c a l l y  
contains calcareous ma t r i x  and abundant woody fragments, p l  ant 
stems, and dicotyledon leaf fragments. Moderately r e s i s t a n t  i n  
outcrop. Mapped on ly  a t  south edge of map j u s t  west o f  Ganes 
Creek. Mapping, descript ion, and Late Cretaceous age from Bundtzen 
and L a i r d  (1980, 1982) 

K ac AGGLOMERATE, CHERT, TUFF, AND SANDSTONE --Medi urn- t o  dark- g r  een 
basal t i c  agglanerate, green chert, l a p i l l  i tu f f ,  and 
v o l c a n i c l a s t i c  sandstone. I n  t h i s  quadrangle, known on ly  on r i dge  
j u s t  east o f  Independence Creek near south edge of map; more 
extensive t o  the south i n  I d i t a r o d  quadrangle. In tepre ted  by 
Bundtten and L a i r d  (1980, 1982, 1983) t o  be near t he  top  of the 
Cretaceous sedimentary rock sec t ion  and of Late Cretaceous age 



Kvs VOLCANICLASTIC SANDSTONE--Gray, w i t h  distinctive green tinge, fine- to  
coarse-grained, well indurated volcanic1 as t ic  sandstone tha t  
includes up t o  40 percent volcanic clasts;  local ly  s i  1 iceous, and 
very resistant in outcrop. May be a lateral  facies equivalent of  
unit Kac. Known only a t  south edge of map just west of Canadian 
Creek; more extensi ve in the adjacent I di tarod quadrangle. Mapped 
and interpreted by Bundtzen and Laird (1980, 1983) as of Late 
Cretaceous age, and, together with unit K I C ,  t o  range from 45 to  
150 m i n  thickness 

Ksd SANDSTONE--Light- to  mediun-gray, fine- t o  coarse-grained, resistant 
1 i thi  c sandstone w i t h  graded bedding, cross-bedding, f l ute casts, 
and ripple marks; includes 15-40 percent shale and s i l  tstone; woody 
fragments and Inocerarnus prisms are local ly abundant. ABCD dnd 
BCDE Boma intervals are present. U n i t  probably forms middle part 
of the Cretaceous sedimentary rock sequence and i s  1 ate  Early t o  
Late Cretaceous i n  age (Bundtzen and Laird, 1983). Differentiated 
only in the area south af  Innoko River between Spruce and Beaver 
Creeks (af ter  Bundtzen and Laird, 1980) 

ks h SHALE AND S ILTSTONE--lvledi urn t o  dar k-gray, f inely 1 arni nated, 1 ocal ly 
graded s i l ts tone and shale with up t o  15 percent fine-grained 
l i t h i c  wacke; sane thin BCDE Bouma intervals present; flysch trace 
fossi 1 Paleodict on abundant locally. Generally weakly resistant + and not we exposed. Probably forms lowest part of the l a t e  Early 
t o  Late Cretaceous sedimentary rock sequence (Bundtzen and Laird, 
1983). Differentiated only in area south of Innoko River between 
Spruce and Beaver Creeks (af ter  Bundtzen and Laird, 1980) 

Kvg VOLCANIC GRAYWACKE AND CONGLOMERATE--Medi urn-gray to  greeni sh-gray, 
poorly sorted fine- to  coarse-grained graywacke, sandstone gr i t ,  
and pebble to  cobble conglomerate composed chfefly of  volcanic rock 
and i ntcr bedded dark-gr ay mudstone and same argi 11 i tc. Local ly 
abundant Inoceramus shell fragments and prisms are a distinctive 
feature. Mapped a t  Lripple Creek Mountains on east edge of 
quadrangle as extensions of same u n i t  in adjacent Medfra 
quadrangle. A simi 1 ar prism-bearing conglmeratic graywacke, 
mudstonc, and shale sequence occurs on the west side of upper 
Tolstoi Creek; here the graywacke i s  composed in t h i n  section of 
angular t o  subangul ar grains of chert (35 percent), quartz (25 
percent), quartzite (15 percent), and minor amounts of feldspar, 
biotite, white mica, and chlorite. A prismbearing 1 imy sandstone, 
s i l  tstone, and argil l i t e  unit with distinctive brownish weathering 
1 imy beds (unit  Klst of Bundtzen and Laird, 1980), between Spruce 
ana Li t t l e  Creeks south of Innoko River, i s  interpreted as part of 
th is  u n i t ,  An Early Cretaceous (pre-A1 bian) age i s  assigned to  the 
rocks a t  these local i t ies  on the basis of close a f f in i ty  with two 
simil ar, faunally dated units i n  the Medfra quadrangle (Patton and 
others, 1980) 



TrMs SANDSTONE, GRIT, AND ARGILLITE-Medi m-gray  t o  greenish- and 01 i ve- 
gray, medium- t o  very f ine-grained, c m o n l y  calcareous l i t  h i  c 
graywacke sandstone; grades t o  g r i t  and small-pebbl e conglomerate 
w i th  c las ts  of chert, shale, f ine-grained a r g i l l i t e  or  t u f f ,  and 
volcanic rocks i n a dark-gray a rg i  11 aceous matr ix.  I n t e r  bedded 
dark-gray t o  grayish-black, most ly  noncalcareous arg i  1 l i t e ,  
s i l t s tone ,  and shale, and minor tuffaceous and vo lcan ic las t i c  
rocks. No f o s s i l s  are known. F i e l d  r e l a t i o n s  sug es t  t h a t  t h i s  
u n i t  conformably, and possib ly  gradat ional ly ,  over 9 i es  the chert, 
a r g i l l i t e ,  and vo lcan ic las t i c  rocks ( u n i t  TrMc) f r a n  which the  
c las ts  may have been derived; t h i s  contact i s  not p rec i se l y  
defined. U n i t  may be c o r r e l a t i v e  i n  pa r t  w i th  a Permian graywacke 
u n i t  i n  the southwest pa r t  of Ruby quadrangle (Chapman and Patton, 

; assigned a h i ss i ss ipp ian  t o  T r i a s s i c  age (see fo l l ow ing  u n i t  
TrMc 

TrMc CHERT, ARGILLITE, AND VOLCANICLASTIC ROCKS--Medi un- t o  medi un-dar k-gray 
and sane greenish-gray and red, r a d i o l  a r ian  cher t  and minor 
metachert; interbedded a r g i l l i t e ,  l a r g e l y  tuffaceous, cher ty  t u f f ,  
l i t h i c  tu f f ,  and andesi t ic -basal  t i c  vo l can i c las t i c  rocks, a1 1 
medium- t o  very dark-gray and greenish-gray, f i ne -  t o  very f i n e -  
grained, unl ayered t o  banded and shaly, and most ly  noncalcareous. 
Minor l i t h i c  graywacke ranging from f ine-grained t o  g r i t  and 
conglunerate w i th  ma1 1 l i t h i c  pebbles; a few  t h i n  beds o f  
s i l  ts tone and shale; and r a r e  t h i n  beds of impure 1 imestone. U n i t  
character ized by ye1 1 owish-brown t o  yel lowish- and reddish-orange 
weathering colors, t h i n  beddi ng, and pervasi ve j o i n t s ,  f ractures, 
and shears. Local ly,  t he  sha ly  rocks are phyll i ti c, but c m o n l y  
f o l i a t i o n  i s  lack ing  and metamorphic grade i s  very low (prehnite- 
punpel l y i  t e  f ac i  es) where determinable. Radi 01 a r i  ans o f  
Miss iss ipp i  an, Pennsylvanian, Permi an, and T r i a s s i c  ages present 
(tab. I ) ,  but  no other f o s s i l s  are known. Thickness and 
s t r a t i g r a p h i c  sequence are unknown owing t o  the  complex st ructure,  
and l ack  of wel l  exposed sect ions and contacts. I n t e r p r e t a t i o n  of 
l im i ted  data Suggests tha t  lower contact may be a t h r u s t  f a u l t ,  and 
t h a t  t he  outcrop b e l t  i s  f a u l t  bounded l a t e r a l l y  (Patton and Mol l ,  
1982) forming a la rge  pa r t  of the Innoko terrane (Patton, 1978; 
Jones and others, 1984). U n i t  i s  assigned a Miss iss ippian through 
Late T r i a s s i c  age based on the r a d i o l a r i a n  ages present ly  known i n  
t h i s  quadrangle. L i  t ho log i  c a l l  y simi 1 ar Innoko terrane cher ty  rock 
un i t s  i n  the Ruby and Medf r a  quadrangles are coextensive 
imneoiately t o  t he  northeast, and they inc lude r a d i o l  arians c h i e f l y  
of Mississippian, Pennsylvanian, and T r i a s s i c  ages. However, a f e w  
l a t e s t  Devonian ( F m e n i a n ) ,  as we1 1 as Mississippian, r a d i o l  a r i  ans 
(reconfirmed by D. L Jones, o ra l  comun ica t i  on, 1984) occur i n  the 
Ruby quadrangle cher t  and a r g i l l i t e  u n i t  (Chapman and Patton, 
1979), and rad io la r i ans  and conodonts of T r i a s s i c  t o  possib le E a r l y  
Jurassic  age occur i n  the cher ty  tuff ,  c r ys ta l  and l i t h i c  t u f f s ,  
and volcanic breccia u n i t  of the Medfra quadrangle (Patton and 
others, 1980) 



TrMb BASALT, GABBRO, AND CHERT--Inter 1 ayered f ine-grai n, gr ayi sh-green 
basal t, grayi s h-green t o  dar k-greeni s h-gray, medt um- t o  coarse- 
grai n, even- textured gabbro-di abase, and 1 ight- t o  medi un-gray, 
radiolarian-bearing chert. Known in this quadrangle only in a few 
scattered exposures along the Innoko River and in the hills near 
heads of Mud River and Gal atea Creek. Probably 1 argely of very low 
metamorphic (prehnite-purnpellyite) facies; a pumpellyite-bearing 
metagabbro fran head of Galatea Creek has been identified in t h i n  
sect1 on; el sewhere the gabbros show essenti a1 l y  no metamorphism. 
Unit widely exposed t o  the north in adjacent Nulato quadrangle 
where interlayered pillow basalt, diabase, nonlayered gabbro, 
chert, and metachert form the lower thrust sheet of a dismembered, 
reversely stacked ophi 01 i t e  sequence, and a Late Mississippi an and 
(or) Early Pennys l vani an throu h Late Triassic radi 01 ari an age S range i s  known (Patton and Mol , 1982; Pat ton and others, 1984). 
Extensive joints, fractures, sl ickensided shears, and quartz and 
calcite fillings, particularly noted in gabbros along the Innoko 
River a t  the south margin of this unit, may indicate close 
proximity t o  the interpreted basal thrust fault contact. Forms 
part of the Toritna terrane (Jones and others, 1984), and of the 
Rampart Group unit t h a t  extends t o  the north and east in central 
A1 aska (Chapnan, 1976). The stratigraphic sequence and t o t a l  
thickness are unknown 

MD1 LIMESTONE--Light- to  medi m-dark-gray, fine-grai ned, sl ightly 
recrystal 1 ized, conodont-bearing 1 imestone with mi nor calcite 
veinlets and lenses; weathers very 1 ight- t o  mediun- light gray and 
brownish-gray; includes minor chert granules and maf ic rock 
fragments chiefly concentrated in thin 1 ayers, and rare thin layers 
contai ning poorly preserved stranatoporoi ds, an unidentified 
brachiopod, crinoid fragments, and she1 l y  debris. Light-01 ive- 
gray, impure chert or cherty t u f f ,  and 1 i ght-01 i ve-gray t o  
yellowish-gray, fine-grained, micaccous, calcareous, smischistose 
t u f f  are interbedded, or closely associated. Known at one s i t e  3 
km east of mouth of Donovan Creek (southwest of M ~ u n t  Hurst) where 
approximately 30 m of this sequence is discontinuously exposed, and 
in four outcrops of  1 imestone, several t o  +50 m thick, near the 
head of Scandinavian Creek; these a l l  l i e  Tithin a belt of chert, 
argi 11 ite, and vol canicl astic rocks ( u n i t  TrMc). Structural, 
stratigrdphi c, and age re1 ations are uncertain; the 1 imestone may 
be a part of unit TrMc t h a t  has not been found elsewhere in the 
quadrangle; possibly i t  is  simil ar  to small, lenticular, 
fossi 1 if erous Mississippi an 1 imestone bodies i n  the northwestern 
corner of Medfra quadrangle ( u n i t  PMcl of Pat ton and others, 
1980). Unit i s  assigned a Devonian t o  Mississippian (latest Early 
or possibly youn er) age range, based on indeterminate 
stromatoporoids 1 F-36, tab. 1) and the youngest conodonts in a 
mixed, a t  least partly redeposited, assemblage (F-35, tab.  1) 



Pzc CARBONATE ROCKS--Chi ef 1 y very 1 ight- t o  medi un-gr ay 1 imestone, 
do1 mi t ic  1 imestone, and do1 mite; a1 1 moderately recrystal 1 ired 
and rangi ng t o  marble, weathered white, pinkish- t o  browni sh-gray, 
and grayish-orange, very fine- and f ine-grained, sugary t o  dense, 
1 ami nated, thin bedded, and weakly t o  strangly f 01 iated; sane si 1 t y  
and sandy calcareous schist, Fossils are 1 acking. Structure and 
nature o f  contacts are uncertain, but field setting suggests t h a t  
unit overlies the schistose metamorphic rocks of unit PzpCs. In 
outcrops 14.5 km south of Mount Hurst, these units are in apparent 
conformable contact, and a few carbonate beds i n t  erl ayered with 
quartzite and phyl 1 i t e  may i ndi cate a gradati onal contact. The 
carbonate rocks close t o  the unexposed contact with ultramafic 
rocks on west slope of Mount Hurst are unaltered. Unit thickness 
i s  unknown, but  width of rubbly outcrop belt on west side of  Mount 
Hurst suggests a thickness greater t h a n  50 m, U n i t  i s  
distinguished f ran the essenti a1 l y  umetamorphosed 1 imestone of 
unit MD1 chiefly by i t s  foliation, a contrast that i s  most apparent 
in outcrops a t  head of Scanainavian Creek. U n i t  is  assigned an 
Early Paleozoic age based on i ts  apparent tectonic affinity with 
the schistose metamorphic rocks of unit Pzps 

PzpEs SCHISTUSE METAMRPHIC ROCKS--Mainly $1 ightly foliated t o  schistose 
argi 1 laceous ana arenaceous metasediment ary rocks; some metachert 
and metamafic-volcanic greenschist; minor lithic graywacke, shale, 
and sil iceous-tuffaceous rocks, and rarely garnet-biotlte schist. 
Unit i s  largely of greenschist metamorphic fades,  but ranges t o  
1 ower grade prehni te-punpel 1 yi t e  f aci es, Phyl 1 i te and shal y- sl a ty  
argil l i t e  are 1 ight- t o  medi ui-dark-si 1 very gray and greenish-gray; 
include minor b u t  distinctive beds of maroon and green slaty 
argill ite, Greenschist, greenish-gray t o  grayish-01 ive, probably 
derived fran mafic volcanic protoliths. Quartzite, very light- t o  
1 i ght-gr ay and green i s h- gr ay, and medi m-dar k-gr ay; most 1 y very 
f inegrai ned, b u t  mi nor coarse-grai ned grit and 1 i thic graywacke 
phases, mostly thi nly bedded and weakly f 01 iated; protol i ths 
probably quartz areni te and quartz wacke. Quartz-mi ca schist is  
less connnon, light- t o  mediwn-dark-gray, fine-to very fine-grain; 
in part has wavy foliation and small-scale chevron folds. 
Metachert, light- t o  mediun-gray, almost indistinguishable fran 
quartzite i n  the field; contains probable deformed radi 01 ari ans 
found in two thin sections from outcrops near heads of American 
Creek and of West Fork of North Fork Innoko River ( tab.  1 ) .  White 
quartz in lenses, veinlets, and fracture fillings i s  common 
throughout the unit. The rock types are clearly interbedded and 
evidence of intense structural deformation is lacking, b u t ,  because 
bedrock and rubble exposures are small, discontinuous, and widely 
scattered, the stratigraphic succession and t o t a l  thickness are 
unknown. Contacts with other units are concealed, b u t  the rocks of 
Mississippian t o  Triassic ages are interpreted t o  over1 ie this u n i t  
in thrust fault contact (Pat ton and M011, 1985). Lacking precise 
age data, an Early Paleozoic t o  possible Precambrian age range is 
assigned. An age no older t h a n  Ordovician for part of this u n i t  is  
indicated by the presence of radiolarians. The maroon and green 



sl aty argi 1 1 i t e  and conformably associated rocks resmbl e, in 
1 i thology and metamorphic grade, u n i t s  o f  Early Pal eozoj c, 
(Cambrian) and l a t e  Precambrian age in the Fairbanks (Pewe and 
others, 1966), Livengood ( C h a p a n  and others, 1971), and Circle 
(Foster and others, 1983) q u a d r a n g l e s  of east-central A 1  aska 

btu BEDROCK TYPE UNKNON--Known rock exposures for which geologic data and 
samples are lacking; their i s o l a t e d  settings make interpretation of 
type and u n i t  purely speculative. Shown at seven river-level sites 
a l o n g  Innoko River in sou thwes t  corner of quadrangle  (0. L. Barnes, 
personal c m u n . ,  1984), and on one h i 1  1 between Magitchl ie  Creek 
and Little Mud River near western north edge of quadrangle 
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TABLE 1. -- Location. identifications, md ages of fossils, Ophir quadrangle 

[~ossil collection sites are s h o m  on map as X F-I.] 

USGS 
col lectton ~ g e  and map 

nlraber Location Identification and infonatlon source unit sJnnb01 
Field 
number 

Inoccranus Sp.. prisms (hndtzen and 
Laird. 1980. tab. 1). 

Late Early to Late 
Cretaceous 
Ksa 

Late Early to Late 
Cretaceous 
Ksh 

sp.. shell (Bundtzm and 
980. t3. 1). 

Three Inoceranus sp., shells (Bundtzen 
and Laird. 1980. tab. 1). 

Late Early to Late 
Cretaceous 
Ksh 

Large I n o c e r m s  sp., prisms as much as 
8 cn on an 6 nm thick (Bundtzen and 
Laird: $O.'tab. 1.) 

Early Cretaceous 
Kvg 

Inocsaaus sp.. and brachiopod fragnents 
(Patton. f trld observation. 1977). 

Early Cretaceous 
Kvg 

I n o c e r m s  sp.. prisms (Patton. 
f i e T d s t r v a t f o n .  1978). 

Early Cretaceous 
Kvg 

Indceranus rp.. prfssls (Chapman, Patton. 
and Moll. field observatlon. 1981). 

Early Cretaceous 
Kvg 

F o n m  are similar to trace fossils reported 
fran Mesozoic flysch deposits worldwide 
such as Helmlnthoidae. prevlously reported 
In Crntaceous rocks frmn Alaska; Helmin- 
; h o p y  and Omdrothichnium, n p o T  
rm pper Cretaceous of Spain; 

Cormora he 7 and Sla chde oritis(?). 
M C r e t a - ;  and 
Protopal~odictyon(?), reported from 
North Fmcrica flysch deposits of 
Mlsslssippian to Tertlary age 
(Bundtren and Laird. 1990, tab. 1) 

Cretaceous 
Ku 

63O02' N.. 
156~15'~. 

Several Inocermus sp.. fraqnents 
(Bundtren and Laird. 1980. tab. 1). 

Cretaceous 
Ku 

Inoceraus sp.. in shell beds 
-in and Laird, I980. tab. 1). 

Cretaceous 
Ku 

Inoceramus sp.. from float in creak bed 
(Mettle and Harrington. 1924. p. 39). 

Cretaceous 
Ku 

Indetemfnate radiolrrians.l/ 7 
TrMc 

Late Devonl an 
to Recent (probably 
Paleozoic) 

T r K  

Trl-bladed primary splnes On spheroidal 
spumellarians. and bipolar hexactine 
sponge spicules.l/ 

Albaillella sp.. flattened, oblique 
sogwntafion; Abaillrlla sp., elongate. 
s e m n t e d ;  large spheroidal spume1 larians 

Middle or late 
Hisslssippian 

T rMc 
wiih equant hexagonal pores; and a few 
rather mall, bladed spines.l/ 

Indatanninate eadiolarians. and bipolar 
hexactlnc sponge spicules.l/ 

Latentifistula 1 ella (Onniston and 
Lane Group,%Tbaillella sp., 
eloniate, seqncnt- 

Late Mississippian 
TrMc 

63°11.8~.. 
156~45.5 'Y. 

Latentifistula i ella (Ormiston and 
Lane) ~ r o u p  .* 

63O09.1 N.. 
1 ~ 6 ~ 5 6 . 6 ~ .  

Ear ly-Mi ddle 
Mississipplan 

TrMC 

Albaillella sp.. segnentod, assymc- 
trical; spumllarians with twisted 
sptnes; and bipolar hexact ine sponge 
spiculas.~l 

Indeterminate radiolarians.l/ 



TABLE 1. -- Location. ~den t i f l ca t lons .  and raQs of foss i  1s. Ophlr quadrangle--Continued 

80Ch-9A M1899 63°07.4'~.. La ten t l f l s tu la  1 e l l c  ( h l s t o n  m d  
157OOO.8'~. Lane) 6roup.~- 

Late Mfrslssipplan 
T* 

80Ch-82B MI917 63°08.71~. Indetemlnate radiolarlans.l/ 7 
1 s r ~ o 0 . 4 ~ ~ .  1t-n~ 

mh-1096  hR1919 63°18.7'~. Indetemlnata r r d i o l a r l  ant .l/ 
1W046.8'Y. 

a h - 4 5 0  M1905 63O26.4 N. Indetemlnata r d l o l a r i a n s . l /  
1W042.4'Y. 

81ACh-32 CR2568 63O21. ' W. nodoca spp.. nrssel larlans, sp.. Late T r ias r i c  
l lsOalu. '+- S P . ~  1 rnc 

77Ch-29 MOOS9 63°21.8'~., n ace spp.. nasel l a r l m s ,  
1 l 0 * ~ . l ~ Y .  

81ACh-33 rC12569 63°27'~.. Blpennate A l b a i l l e l  l a  sp. cf. Late Mlsslssipplan 
1 ~ 6 ~ 2 2 . 4 ' ~  A. cartala, an ate t l f l s t u l a  TrHc 

G e l l a  (ormir:dhoup.L/ 

78APa-2 -- ~ 3 ~ 3 5 .  IN., Indeteraf nate rad lo la r lan r  recogntzed I n  7 
156°0a'~. t h h  sectlon by Patton. 1978. TrHc (over la in by 

pa) 

77Ch-26 IROOSB 63O35.8'N.. Albai l l e l l a  sp., se-nted, assyne- Middle o r  Late 
156'11 'Y. t r i c a l ;  and b ipo la r  hcxactfna sponge Mlsslss ippfan 

s p l c u l e s , ~  T r n c  

80Ch-62C MI914  63O36.4'N.. Dlverse p y l m t e  fonns inc luding Ear ly  Mlrs iss lppian 
1%009'~. k c h o c  t ium sp.; and spuml lar lans w i th  

+cr.y 
TrMc 

Wh-616 M I 9 1 1  63O37.6'~., L a t ~ n t i b l f l s t u l r  sp.. f r 3 g n m t r . y  
156~11.8'~. 

Pennsylvanlan- 
Ear ly  Petmi an 

TrMc 

80Ch-61C MI912  63°37.5'~., Tri-bladed prlmary spine8 on spheroidal Late Devonl an- 
157°11.6'~. spmellarlans.l/ Recent (probably 

Paleozoic) 
1 tnc 

Wh-4.8C IR1908 63°10.5'~.. A l b a i l l  118 sp., flrttrnd, obllque Mlddle-Late 
156°03.7'~. +.l/ ~ i ~ s l s s l p p i a n  

Trnc 

80Ch-476 MI907  ~ 3 ~ 4 1 .  'N.. I n d q t a m l n a t ~  radio1 arrans.&/ 7 
156~06.2 '~.  TrMc 

79APa-60 ROE66 63O36.5'N., L a t m t i b i f l s t u l a  sp.. f r a ( ~ c n t s . l /  Pennsylvanian- 
156O22.5 'Y. Ear ly  Permi an 

( l a t e s t  kr rowan- 
Yolfcmpian) 

TrMc 

80Ch-496 MI1909 63O37. 'N.. Ind t tamlna te  r a d l o l a t i a n s . ~  
156O31.4 ' W. 



TABLE 1. -- Location. i den t i f i ca t ion r ,  and apes of foss i ls .  Ophlr quadrangle--Continued 

F-35 80Ch-1138 27738-PC 63°12'N.. Conodonts frm limestone:-- Mississippian, 
157%3 ' W. 2 Gnathodus aff. 6. texrnus no older than 

re-aber f i c a p m e l  lows la tes t  Early 
14 *det. f ~ a g m n t s - -  ( l a tes t  Osagean) 

sme f r a n n n t s  resrrrnble 
HDl 

1 Pseudowly~nathus sp. Indet. p l a t f o m  
?r aanent -< - - 

2 incrnplete platfonn f r a p e n t s  of 
51 honodella sp. Indet. wi th pseudokeel 

1 &~EJGTG~ elmtent 
2 Lonchodinlfonn elements 
2 zynprioniodiniforn elements 
1 dip lododel l i forn e lment  

+I00 indet. bar, blade. and p l a t f o m  
f raIpcnts 

The conodonts a r t  pecul i r r l y  preserved i n  
tha t  they are incredib ly  broken i n t o  sharp 
angular f r a w n t s ,  not the usual breakage 
produced by hydraul i c  sor t ing and abrasion. 
Randmly spaced c i rcu la r  holes i n  the 
conodonts. a t t r i bu ted  t o  boring by fungi or 
algae, f a c i l i t a t e d  brtakage l n t o  i r regular .  
ragged crumbs. This f l t s  a concept of a 
redeposited lag concentrate. The mlxed 
fauna includes~redeposited ( rworked)  Late 
Devonian (Palmatole i s ) ,  e a r l i e s t  
~ l i s s f s s l p p d o o k i a n )  e l m n t s  
(Si  honodel la). indigenous and (o r )  
?*ate Ear ly  M ~ s i s s i p p i a n  
(Oragean) elaacnts 6. texanus seudo t smiplaber). and var o u m =  
ranging, though s t r i c t l y  Mlsslssippian. 
Species. The youngest m d  m s t  b i o s t r a t i -  
taph ica l l y  r e s t r i c t e d  e l m n t  I s  8 texanus seudo emi laber of l a t e  

~sa-e! ~hu: th: age of the rock 
i s  no older than l a t e s t  Osagean, but 
i t  could be of post-Osa can age I f  the 
Osagem conodonts are also redeposited. 
Conodont co lor  a l te ra t ion  index i s  3, 
i n d i c a t i n  tha t  i h e  host rock reached 
a t  least  120-160 C. I d a n t l f  lcat ions 
and in te rp re ta t ion  by Anita G. Harr is  
( u r t t t e n  camnunteation, 1980). 

F-36 80Ch-46C A-81-31M 63'28'~.. Crinoidal wackestone. Large fragnents are Early Paleozoic. 
1 5 6 ~ 3 9 ' ~ .  possible calcareous algae suggestive of probably 5 i  l u r ian  

the genus K m i a  but are not t yp ica l  or Devonian, but 
sxmples; these may suggest l a t e  Paleozoic no older than 
age. It i s  also possible the specimen IS Ordovician 
r poorly preserved stranatoporold and the H01. 
age could be Ordovician through 
Devonian. This l a t t e r  age I s  supported 
by specimen 80Ch-98A. (A. K. Amstrong. 
w r i t t e n  e m n i c a t i o n .  1981). 

Massive st rmatoporoid(?)  and 7rmose 
strarrtoporoid?; S i lu r ian  o r  Devonian. 
more l i k e l y  Devonian I f  the rams@ 
r t rmatoporo id  i s  co r rec t l y  iden t i f i ed .  
This I s  so rec rys ta l l i zed  as t o  be 
inde ten ina tc  but my guess i s  that  i t  i s  
s t rmatoporoidal  because saw o f  the 
apparent rmose fotms have an apparent 
ax ia l  canal ( W .  A. Oliver, Jr.. 
m i t t e n  canaunlcation, 1981). 

b conodonts e r e  found (Anita 6. Harris. 
w i t t e n  c m n i c a t i o n ,  1980). 



TABLE 1. -- Locatlon. Ident l f  icatlons, md ages of forsf Is, Ophir quadrmsle--Continued 

F-37 80th-9BA A-81-31M 63°29'~.. The specimen I s  a poorly paserved and Early Paleorofc, 
1 ~ 6 ~ 3 8 ' ~ .  m v f i t r l l 4 z c d  s t r m t w r o i d  and i s  probably Silurqm 

Ordovlclm through Davonfm I n  age or Devonian, but 
(A. K. kmittonq. written CmWfunlcatlOn, no o l k r  than; 
1981). Middle Ordovlclan. 

m 1  
Mrsslve strmrtoporoid. indettnnlnate; 
probably S l l u r i m  or Dcvonlm. Poorly 
pressvad but I agree with Annstrong 
that t h i s  I s  a stranatoporold. Probably 
post-Ordovician (Y. A. Oliver. Jr.. 
wr i t ten eamunieatlon. 1981). 

Conodont -- one i n d e t m l n r t e  bar f r8gmnt 
af post-Cower Ordovician morphotype. 
Conodant c o l w  al terat ion index I s  3. 
indlcatlnq that the host rock reached 
at  least 120-160~~. (Anita 6. Harris, 
w r l t t m  caaunlt8tion. 1980). 

F-38 80Ch-21A -- 63°09'~., Indetenwfnatc radiolarlans. recognitad I n  Early Paleozoic, 
1 ~ 6 ~ 4 9 ' ~ .  th fn  section a$ re l r t l ve l y  larger. vary no older than 

clear. round f m s  l n  very f inegralned Ordovician, 
unto1 iatrd. s l l # t t y  dcfmed mctarhert PZFCS 
(S. L. Douglass, 1982; Chrpnan and B. Hurchcy 
1984). 

F-39 79APa-158B -- 63°58'~. .  Abundmt sttetchmt. Indetmninatc radio- Early Paleotu~c. 
156O38 ' Y l a r i m r  i n  mtschart  of low mctmorphlc no older than 

factis; recognized i n  th in  section by Ordovician. 
5. L, Douglrss, 1982; Chapnan md PzRs 
8. Hurchcy 1984. 

Idcnt i f i ca t lon  by Benita Murchry md David L. Jones. U.S.G.S., wrl'ttcn cmunicat ion,  1 9 8 ~ .  




