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Open F i l e  Report 0-89-3 

Compilation Geologic Map of Southern Tyee Basin, 
Southern Coast Range, Oregon 

Alan R. Niem and Wendy A. Niem 

EXPLANATION OF GEOLOGIC UNITS 
(Plates 1, 2, and 3) 

QUATERNARY BEACH AND DUNE SANaS ( Holocene) --Modern sed intent s along 
coastline, includes beach and dune sands and interdune silt, clay,  
and peat. 

QUATERNARY ALLUVIUM (Holocene and Pleistocene)--Floodplain and 
stream channel sediments composed of clay, silt, sand, and gravel, 
includes tidal flat sediments near mouths of Siualaw and Umpqua 
rivers and fluvial terrace  deposit^; near Sit:kum includes l a c u s t r i n e  
sediments that filled an ancient lake created by a large landslide 
(Qls )  . 

LANDSLIDE DEBRIS (Holocene and Pleistocene) --Chaotic mixture of 
gravel, sand, silt, and clay w i t h  blocks of weathered bedrock of 
varying composition Crnostly sandstone and muds tone). Only areas of 
approximately 1 sq m i  or larger are shown due to scale of map. 

QUATERNARY MARINE; TERRACE (Pleistocene) --Elevated deposits of loosely 
compacted sand and gravel; mapped vest of Tenmite Lake on the coast. 

TERTIARY INTRUSIVE ROCKS (Paleocene to lower Eocene and upper Eocene 
to  O l i g o c e n e ? ) - - S i l l s  and dikes, predominantLy b a s a l t  i n  
composition. Paleocene to lower Eocene intrusive rocks related to 
Rosebutg b a s a l t s ;  upper Eocene t o  OPigoeent intrusive rocks related 
ro western Cascade volcanism. 

Western Cascade Stratigraphy 

LITTLE BUTTE VOLCANIC SERIES ( Oligocene) --Wonmarine volcanic rocks, 
including flaws of olivine basalt to pyroxene andesite near the 
base of the un i t  and massive andesitic t o  dac i t i c  pyroclastic racks 
in t h e  upper part of the unit (Ramp, 1972). 



PTcf Indif f erentiated COLESTIN and FISHER FORMATIONS (upper Eocene) -- 
Nonrnarine volcanic s t r a t a  (2200 m) including massive ro poorly 
bedded tuffs, tuffaceous sandstone and siltstone, and eome 
conglomerate and debr i s  f l o w s  (Ramp, 1972) .  Unit contains some 
intercalated subaerial flows and breccias of andesite t o  b a s a l t i c  
andes i te .  

Southern Coast  Range Stratigraphy 
(refer else to "Discuaaion of Southern Tyee Basin-Coast Range 

Stratigraphic Problema" that fol lows this explanation) 

SPENCER PO'I1MATION (upper Eocene ; upper Nariz ian) --Massive t o  
poorly bedded micac eous arkosic sands tone interbedded with t h i n  
eiltssone and some fine tuff. Sandstone is fine- to coarse-grained. 
DeLtaic to shallormarine unir contains a f e w  th in  impure c o a l s ,  
mollusks , and pebble conglomerate 1 Hoover, 1963) . 

Undifferentiated COALED0 FORMATION ( m i d d l e  Eocene; Narieianl-- 
Deltaic sequence cons i s  t i n g  of laminated to cross-bedded fine- 
grained fe ldspathic  sandstone and thin-bedded siltstone with minor 
thin beds of subbituminous c o a l .  

BATEMAN FORMATION [middle Eocene; lower Nariz Tan) --Thick-bedded to 
cross-bedded , medium-grained micaceous arkosic sands tone and minor 
silts tone; l o c a l l y  bearing subbituminous coal and carbonaceous 
silts tone. Many sandstone beds masaive to cross-bedded Some are 
laminated to ripple cross-laminated and bioturbated.  Deltaic and 
shallow marine unir, approx. 1500 ft th ick  (Baldwin, 1474; Weatherby, 
i n  progress) . 

EIXTON FORMATION (middle Eocene; Ulatisian) -- Hicaceous siltstone 
with thin t o  thick sandstone lenses and rhythmically interbedded thin  
graded micaceous sands tone and siltstone. S i l  tstone contains bathyal 
microfossils. Unit i s  approximately 3,000 f t thick. May interf inger 
with upper part  of Tyee Formation. Some th icker  bedded to crosa- 
bedded better sorted sandstone near r ~ p  of formation (Baldwin, 1974) . 

Tet,,, Undifferentiated TYEE FORMATION of Baldwin (1974) (middle  Eocene; l--l U l a t i s i a n )  --Five t o  six thousand feet of well-indurated , thick to  
very thick-bedded clif f-forming , micaceous arkosic sands tone and 
thin-bedded s i l t s  cone. In south, unit includes th ick ,  cross-bedded 
medium- to coarse-grained sandstone with rare pebble  conglomerate,  
t h i c k  c o a l ,  carbonaceous s i l t s t o n e ,  and thinner beds of mudstone and 
mollusk-bearing bioturbated sandstone (shorn on map ae Teta; delta- 
shelf facies of Chan and Dott, 1983).  In north, unit consists of 
fine- to medium-grained, micaceous (biotite and muscovite)  , lirhic 
arkosic sandstone beds w i t h  load, flute, and groove marks, minor beds 
of s i l t s t o n e ,  and thin t o  medium beds of graded sandstone (shown on 
map as Terb; inner to middle  fan and s lope  f a c i e s  of Chan and Dott, 
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1983 or proximal t v r b i d i t e  ramp-slope f acies of Heller and Dickinson, 
1985). Queried contact between the two facies is approximated on 
P l a t e s  1 and 2 and in cross  sections based on studies by Chan and 
Dott (1983) and Beller and Dkckinson (19851. Queried contact between 
the Tyee and Flournoy formations in northern p a r t  of outcrop area i s  
from unpublished mapping by Baldwin .  Molenaar ( 19851 maintains that 
Flournoy and Tyee formations can not  be different iated i n  the 
northern part o f  the map area and that the twa units should be mapped 
rogerher a5 Tyoe. Three members are mapped in the Camas Valley 
quadrangle ( B a l d w i n  and Perttu , 1989) . 

B A U G W  LOOKOUT MEMBER o f  Baldwin I19743 and Baldwin and Perttu 
(1 9 8 9 ) .  Very thick-bedded to massive mkcaceoua lithic-arkosic 
sandstone; medium- to very coarse-grained; rarely cross-bedded; 
minor interbedded s i l t s t o n e ;  cl i ff-former; 2502) f t t h i c k .  May 
interfinger with Elkton sil tstone t o  the nor th ;  interpreted as 
d e l t a i c  facies (MoPenaar, 1985). 

HUBBARD CREEK MEMBER of Baldwin (1 974) and B a l d w i n  and Perttu 
(1989). Mainly dark gray* p a r a l l e l  laminated mudstone and 
siltatone w i t h  minor thin to medium beds of fine-grained 
micaceous sandstone; 400-ft thick slope-former. Interpreted aa a 
s l ~ p e  facies (Molenaar, 1985) .  

TYEE MOUNTAIN HEMBER of Baldwin ( 1  974) and Baldwin and Perttu 
(1989) . F i f t e e n  hundred f e e t  of thick-bedded, fine- to medium- 
grained l o c a l l y  graded to  massive nieaceous l i th i c -arkos i c  
sandstone and thin layers of siltstone; cliff-former; grades 
upward i n t o  Hubbard Creek Member. Interpreted a s  a turb id i t e  
f ac ies (Mo lenaar , 1985) . 

Unconf orrnity ( 1 )  

Undifferentiated FLWRNW FORMATION o f  Baldwin (1974)  (lower to 
middle Eocene; Ulatisian) --Thick-bedded f ine -  to coarse-grained 
mica-bearing l i th i c - f e ldspath ic  sandstone and thick sequence o f  
mudstone-siltstone. Unit: includes deltaic to shelf Eacies CTef ,I in 
the south, bathyal slope facies (Tef2), and turb id i t e  Eacies (Tef3) 
to the north. 

SIUSLAW member (informal). Four to f ive  thousand feet of very 
thick-bedded , massive t o  graded fine-grained micaceous 
amalgamated l i t h i c - f e l d s p a t h i c  sandstone with minor sequence of 
thin-bedded siltstone and fine- t o  very f ine-grained graded 
sands tone beds and some very thick-bedded channelized sands tone. 
Some sandstone beds contain numerous groove, flute, and load 
casts ;  a few are slump f o l d e d .  S i l t s tone  contains bathyal 
microfossils. Informal unit  suggested by maps by Mobil (Seely, 
1989, personal communication), Formerly included i n  White Tail 
Ridge Member of Flournoy Formation of Baldwin ( 1 9 7 4 )  and Tyee 
Formation of Molenaar (1985). Unit may be l a t e r a l  fac ies  a£ both 
Tyee and Flournoy to the south. 



GAMAS VALLEY MEMBER of Baldwin and Perttu (1989). Rhythmically 
thin-bedded s i l t s t o n e  and fine-grained mica-bearing f e l d s p a t h i c  
graded sandstone; 1500 Seer th ick;  some elump folded beds and 
horizons of c a l c a r e o u s  concretions. Deep-mar ine s lope  f ac ies (  ?) . 

/ WHITE TAIL RIDGE MEMBER of Baldwin and Perttu ( 1  989) . Thick- 
bedded, medium- ro coarse-grained, mica-bearing l i t h i c - f e l d s p a t h i c  
sandstone w i t h  minor  interbedded mudstone; mollusk-bearing; some 
coa l  and carbonaceous siltstone layers. U n i t  is approximately 
1500 ft th ick .  Some sandstone beds display hummocky cross- 
bedding.  Some basa l  t h i n  conglomerare beds and pebbly sandstone 
near Bone Mountain and Eden Ridge i n  southern part of map area 
(Baldwin, 1974) . Delta-shelf facies. 

Undifferentiated LOOKINGGLASS FORMATION of Baldwin (1 974) (lower 
Eocene; Penutian t o  lower Ulatisianl--Coarse- t o  fine-grained 
cross-bedded , locally coal-bearing , quartzose L i t h i c  (metamorphic- 
volcanic) sandstones and thick l i t h i c  pebble-cobble conglomerates 
intercalated with thick mudstone with minor t h i n  graded sandstone 
beds. 

OLALLA CREEK MEMBER of Baldwin (1974). One thousand f ee t  of 
thick-bedded pebbly quar tzose  l i t h i c  pebbly sandstone and 
polymic t pebble-cobble conglomerate  i n  type area along OlaLla 
Creek. In other areas (emg. ,  along Oregon Highway 42)  inc ludes  
medium- t o  thick-bedded medium- to  coarse-grained quartzose 
lirhic sandstone, subbituminous coal, and t h i n  beds of very fine- 
grained sands tone  and carbonaceous s i l  tsrone and mudsrone wirh 
shallow-water foraminifers and pelecypods; a l s o  some beds of 
thick massive bioturbated sands tone. Sands tone beds are locally 
trough t o  planar cross-bedded , l e n t i c u l a r  t o  channelized with 
basal pebble  lags. Molenaar (1985) would combine the O l a l l a  
Creek Member and the White T a i l  Ridge Member. Member is 
interpreted as non-marine fan delta a t  type s e c t i o n  by Baldwin 
and Perttu 11989) t o  a f l u v i a l  braided stream depos i t  that 
interfingers with deltaic-coastal plain facies to the northwest 
(Bugler, 1979; Ryberg, 1984). 

TENMILE MJZMBER of Baldwin (1 974 ) .  Well-induraeed, dark gray 
mudstone inters~ra~ified wirh thin beds of fine-grained t u r b i d i t e  
li thic arkosic sands tone. A r a r e  submarine channel fill composed 
o f  elistostromal blocks  is exposed near Agness ( lIyberg, 1984 ) .  
Upper part contains mollusk-bearing mudstones (RYU, 1989, f i e l d  
observation). U n i t  i s  approximately 3,200 f t  thick. Mainly a 
bathyal slope facies (Ryberg, 19841 . 
BUSHNELL ROCK MEMBER o f  Baldwin ( 1 9 7 4 ) .  Eight hundred feet o f  
w e l l - i n d u r a t e d  , very thick- t o  thick-bedded lithic disorganized 
pebble-cobble  conglomerate and some thick-bedded very coarse- 
grained lithic sandstone; cross-bedded t o  channelized; fan d e l t a  
of Kugler (1979) and braided stream deposit of Ryberg (1984) ; 

-4- 



possible submarine canyon facies at Cleveland Bill (Molenaar, 
1985). Near Remote, on ehe w e s t  flank of the Coast  Range 
syncline, the unit is finer grained and includes medium- to thin- 
bedded laminated to cross-bedded lithic f eldspathic sands tone, 
subbituminous c o a l s ,  carbonaceous siltstone, claystone, and some 
thick-bedded b i o  turba ted to massive f ine-grained sandstone to 
very coarse-grained sands tone Lenses. Some ripples, tabular 
cross-bedding, and gtoove c a s t s  are present. and 
thin-shelled pelecypods in a few siltstone layers. Unit fines 
northwestward from the type section ( Ryberg, 1984; Molenaar, 
1985). Coastal plain-shallow marine-deltaic facies; Kugler, 
1979; Ryberg, 1984). 

Angular Unconf ormity 

ROSEBURC FORMATION of Baldwin (1 974)  (Paleoecene to lower 
Eocene) --Thick sequence ( 8,000* f t )  of indurated lithic turbidite 
sandstones and mudstones with bathyal rnicrofossils. Lower part 
of unit is pillow basalts  (Tev) that are intertongued with minor 
amounts of sedimentary rocks (Ter )  . Locally overlain by tuffs 
and tuffaceous siltstone (Tert) The basalts  are, in part, 
equivalent in age and petrology to the Silerz Rives Volcanics of 
the central Coast Range (Snavely and others, 1968); named 
Roseburg Yolcanics by B a l d w i n  ( 19741 ; renamed S i l e t z  River 
Volcanics by Molenaar (1985) . Sedimentary section is interpreted 
as an accreted submarine fan deposited i n  a trench/slope setting 
(Ryberg, 1984; Perttu and Benson, 1980). 

Lithof acies associations within the Koseburg ( informal subdivisions o f  
Ter combined after Ryberg, 19843 are shown generalized to emphasize 
distribution of submarine fan depositional envizonmenrs of this lower 
slope-submarine fan-trench complex formed in a subduction zone (Heller and 
Ryberg, 1983; Perttu and Benson, 1980). 

SLOPE (Ter4) and BASZNAL (Terab) MUDSTONES; massive t o  
laminated mudstone, channeled mudstone, and minor 
rhythmically interbedded sil rssone and claystone; some 
slumped strara. Unit Terab deposited i n  a basin plain 
environment and on seamount highs as hemipelagic muds; 
upper and lower slope mudstone and siltstone in upper slope 
channels; after Ryberg (1984). Basinal unit is mostly 
thick mudstone in the  subeurface in the northern part of 
the map area. 

OUTER FAN and FAN FRINGE FACIES; th in ,  even-bedded very 
f ine-grained to medium-grained graded 1 ithic sands tone and 
siltstone; sandstone/mudstone ratio is 1/1 to 2/1; Bouma 
bcd, cde, and abcde sequences common in turb id i t e  sandstone 
beds as a a few greave, f l u t e ,  and load c a s t s  and sand- 
f i l l e d  burrows at base of beds; mudstone calcareous 
nannoplankton, and bathgal  benthic and planktonic 



foraminifers ; same thickening-upward sequences ; a£ t e r  
Ryberg ( 1984) . 
MIDDLE FAN FACIES ; thick-bedded , fine- t o  coarse-grained 
graded amalgamated l i t h i c  sandstone, l o c a l l y  lenticular 
with thin gray siltstone interbeds containing bathyal 
foraminifers ; some thinning- and f ining-upward sequences ; 
sandstone/mudstone rat io  i s  411 to 6/1. Assoc iated  with 
a f e w  sequences of very thick-bedded, amalgamated, massive 
lenticular medium-grained sandgtone beds with th in  
discontinuous mudstane in terbeds;  s m e  groove and flute 
c a s t s  a t  base 05 beds and burrowed i n  upper part of beds. 
Minor sequence of thin fine-grained graded l ent i cu lar  
sandstone and siltatone. Mudstone w i t h  some burrows and 
planktonLc and benthic bathyal foraminifers.  Bouma abde, 
abe, and ae sequences prevail ; facies a f t e r  Ryberg ( 1 9 8 4 ) .  

INNER FAN t o  LOWER SLOPE ClUNHEL FACIES; massive 
channelized disorganized canglomerate t o  inverse and normal 
graded polymict conglomera~es and very thick-bedded , 
coarse-grained, pebbly,  graded to massive l i t h i c  sandstone; 
minor sequences of interbedded mudstone and thin,  fine- 
grained lenticular sandstone beds ; facies af rer Ryberg (1984).  

BASALTIC SANDSTOME: ( lower Eocene) --Tongue of basaltic sands tone 
i n  Baseburg outer fan strara (unit Ter3) and der<ved from uni t  
Tev; mapped separateLy by Hoover (19633. 

TUFFS; thick sequence of  palagonite tuff  and deep-marine 
tuff aceous siltstane interbedded with pi l low basalts i n  upper 
part  of unit Tev; mapped separate ly  by Hoover (19633. Hoover 
(1963) also recognized water-laid v i t r i c  tuff and l a p i l l i  crystal 
tuff . 
ROSEBURG VOLCANfCS. Tholeiitic pillow basalts, brecc ias , a d  
some massive subaerial f l o w s  (near Drain) interbedded w i t h  minor 
conglomerate and basal tic sands tone. Duncan ( 1982) and Snavely 
and Wells (1984) have published K / A r  da te s  of 59 to 42 Ma (ear ly  
Eocene t o  Paleocene) for this unit. Carayon (1984)  reported a 
K/Ar age of 6 9  &la(?) (latest Maestrichtian) for Roseburg basalt 
sampled near Bushnell Rock. Microfossi ls  (foraminifers and 
coccoliths) in sedimentary interbeds i n  the u n i t  indicate 
Paleocene t o  lower Eocene (Armentrout and others, 1983; Miles, 
1981; Ryberg, 1984; McKeel and L i p p s ,  1975; &Keel, 1983; Bukry 
and Snavely, 1988). These tholeiitic to  a l k s l i c  basa l t s  are 
interpreted to  have formed a t  an oceanic ridge, forming a 
seamount terrane. Alternatively, the basalr may have formed in 
& along a rifted continental margin (Snavely and Wells, 1984; 
Snavely, 1984, 1987 ; Wells and Snavely, 1989) . Unit was accreted 
t o  the Klamath Mountains terrane in the early middle Eocene 
(Snavely, 1987). 



Klamath Mountains Strat igraphy 

UNNAMED SANDSTONE (Lower Eocene? to Upper Cretaceous?)--A well- 
indurated to l o c a l l y  f r i a b l e ,  pebbly, cross-bedded to massive 
medium- to coarse-grained micaceous arkos ic  sands tone o f  unknown 
age. This sandstone occurs as small i s o l a t e d  outliers 
unconformably(?) overlying the melange of  Sixes River terrane which 
is Late Cretaceous in age (Blake,  1984; Carayon, 1 9 8 4 ) .  The unit was 
assigned to Tertiary-pre-Tertiary by Peterson (1  957) and Baldwin and 
Perttu (1989) and t o  Paleocene to Upper Cretaceous by Ryberg ( 1 9 8 4 )  
based on stratigraphic p o s i t i o n .  Carayon (1  984)  reported Eocene 
palynomorphs in the unnamed sandstone from an outcrop near Hoover 
H i l l  (T. 29 S . ,  R. 7 W.). These sandstones may be an Upper 
Cretaceous (Campmian ro  Maestrich~ian) equivalent  of the Cape 
Sebas tian sandstone of Bourgeois (1 984) on the southwest Oregon 
coast. Baldwin (1 989, personal comunicat ion)  believes Late Cretaceous 
foraminifers have been identified from an o u t l i e r  of f r i a b l e  cross- 
bedded pebbly arkosic sandstone i n  this unit i n  T. 29 S., R. 12 W .  

The Eollowing explanation of rock u n i t s  for  the Klamath Mountains 
part o f  t h e  map i s  organized by  tectonostratigraphic rerrane after Blake 
(1984) and Blake and others ( 1 9 8 5 ) .  Within each terrane, the rock units 
are organized by age and stratigraphic position (see  F i g .  1 and Time-Rock 
Chart on P l a t e  1). A brief discussion "Nomenclature of the 
Tectonos trat igraphic  Terranes of the Klamath Mountains" £ f l ~ o w s  l'Discussion 
of Southern Tyee Basin-Coast Range Stratigraphic Problems" a t  the end af 
t h i s  explanation.  

S i x e s  River Tesrane of Blake (1984) and Blake and others (1985) 

S U E S  RIVER MELANGE AMD BROKEN FORMATION (Lower Cretaceous-Upper 
Jurassic ; Wauterivian to Ti thonian and M i d d l e  t o  Upper Creraceous; 
b lb ian  to Cenomanian) --Predominantly well-indurated , tightly 
cemented turbidite sands tone, thick sheared muds tone,  and minor  
conglomerate. Sandstones are micaceous quartzo- fe ldspathic  (Lent, 
1969) to  lithic graywacke. These rocks are well-indurated and 
metamorphosed (laumontlre z e o l i t e  Eacies). U n i t  contains exotic 
tectonic blocks of metabasalt or greensrone (mv) , red and white 
rad io lar ian  chert ( r c )  , bluesch i s  t ( s ch )  , metatuff ,  e c l o g i t e  Cec) , 
and Middle to Upper Cretaceous (Aptian to Upper ~enomanian) 
l imestone Is) . Limestone blocks were named Whitsett limes tone 
l e n t i l s  by Diller (1  898) and consisr  of ahallow-marine a l g a l  
boundstone, pelecypod-bearing gra ins tone ,  and deep-marine 
g lab iger in id  m i c r i t i c  l i m e s  tone with  interbedded radio lar ian chert .  
This unit formerly had been mapped south of Eloseburg as Dothan 
Formation by D i l l e r  (1898), Ramp (19721, and Johnson (1965) and as 
Franciscan terrane by Carayon (1984) .  On the southwestern f lank of 
the bas in  (genera l l y  south of  Myrtle Point), the unit  bas been 
mapped as Jurassic Otter Point Formation by Baldwin and Hess 
(1971) ,  Dott (1971), Lent (19691, and Beaulieu and Hughes (1976). 



Yolla Bol ly  ( e a s t )  Terrane of Blake (1984) and Blake and others (1985) 

Upper Jurassic and Lower Cretaceous (Tithonian to ~auterivian) 
sedimentary and minor volcanic rocks of the Dothan Formation (KJd). 

I KJd] DOTHAN FORMATlOA (Lower Cretaceous-Upper Jurassic; Tithonian to 
Bauterivian) --Thick sequence of well-indurated , medium-grained , 
thin- ra thick-bedded t u r b i d i  t e  sands tone and thin- to thick-bedded 
mudstone with minor lenses of  chert congTomerate, radia lar ian chert, 
and locaL pillow lava (Blake and others, 1985). These moderately ta 
poorly sorted graywacke sands tones are micaceous volcano-quartzo- 
Eeldspathic and contain d e t r i r a l  R- fe ldspar ,  phrenite, purnpellyite 
(Blake, 19841, and local laurnonrite veins. The Dothan i s  
probably a pos t-Nevadan highly folded deep marginal basinal sequence 
that was accreted to the North American plate during the Middle 
Cretaceous (Black, 1979) . Unit crops o u t  mosrLy south of the 
Canyonville Fault Zone and in a small sliver north of the Canyonville 
F a u l t  zone e a s t  of t h e  town of Canyonville. 

Snow Camp Terrane o f  Blake (1984) and Blake and others (19851 

A dismembered Jurassic ( Callovian to Tithonian) ophiolite complex 
(Coast Range ophiolite) with unconformably over l y ing  folded and faulted 
sedimentary rocks of the Lower Cretaceous to Upper Jurassic Myrtle Group 
(KJm, Kdc , KJr) . The Coast Range ophiolite, according Eo Blake (1 984) , 
includes serpentinized peridot i te  ( sp)(as at Nickel Mountain, Ramp, 1978) 
with mafic vo lcan ie s  (unit m em), minor granodiorite and diorite intrusions, 
thick sequence of dioritic to andesitic intrusive and extrusive rocks 
(J sa )  , gabbro (Jgbl along the Rogue River (Gray and others ,  1982) , and 
sheeted dikes which Saleeby ( 1 9 8 4 )  dated  at 164 Ma +/- 2 Ha). Near Marial, 
the ophiolite complex also cantains spilitized pillow basalt, altered 
diabase ,  gabbro, and diorite (Eullixson and others, 1980) . Extensive 
thrusting of these units is postulated i n  the Middle Cretaceous (Carayon, 
1984; Roure and others, 1986). North of the Canyonville Fault Zone and 
east: of the town of Canyonville, this terrane includes undifferentia~ed 
Jurassic volcanic rocks (Jsv) . Along the southeast margin o f  this map, 
this rerrane also includes amphibole gneiss (Ka) and Cretaceous-Jurassic 
hornblende diorite (KJi) .  

Undifferentiated MYRTLE GROUP {Lower Cretaceous-Upper Jurassic)-- 
Sandstone and conglomerate of the Days Creek and Riddle formations. 

DAYS CIIEEX FORMATION (Lower Cretaceous) --Dark gray sandy s iltstone 
with subordinate amounts of light-gray fine-grained sandstone 
overlain by thick- to medium-bedded Sine- to medium-grained gray 
sandstone. 

RIDDLE FORMATION (Lower Cretaceous-Upper Jurassic)--Massive chert- 
pebble conglomerate in the lower part of the unit overlain by 
thin- to medium-bedded , well-indurated l i t h i c  graywacke, 
siltatone, and conglomerate. Abundant fossil mollusks 
indicate a dominantly shallow-marine depositional environment 
(Perttu,  1976). 





Western Kkamath Terrane of Blake (1984) and Blake and others (1985) 

The Western Klamath Terrane r e p r e s e n t s  a disrupted  and dismembered 
continental marginal basin-volcanic arc sequence of metasedimeatary and 
rare metavolcanic rocks ( B l a k e ,  19841 . It consists of highly deformed 
Middle and Upper Jurassic rocks along the western margin o f  the Klamath 
Mountains. This complex tessane has been subdivided by Blake and others 
(19853 into five subterranes  w i t h  s l i g h t l y  different s u b s t r a t e  al though 
m o s t  contain shaly flysch-like Gal ice  Formation. Two of the subterranes, 
the Elk subterrane and the Rogue Valley subterrane, occur on the southern 
margin o f  the Tyee Basin south of the Canyonville Fault Zone and east of 
the Vallen Lake Thrust (Fig. 1 on Plate 1). Common in both subterranes i s  
undifferentiated Rogue and Galice formations. 

Elk Sub terrane  

Undifferentiated small blocks of Lower Cretaceous (Valanginian) well- 
indurated turbidite sandstone,  mudstone, and conglomerate of the Humbug 
Mountain Conglomerate (Kha) and Rocky Point Farmation of Koch (1966) and 
Dotr  (1971) . These lithologies unconforrnably over l i e  widespread Midd le  to 
Upper J u r a s s i c  ( Oxfordian to Kimeridgian)  undifferentiated me tasedimentary 
I J ~ )  and scattered metavolcanic (Jgv) rocks of the E a l i c e  Formation which 
is intruded by Late Jurassic d i o t i t e  plutons ( J d i )  and serpentinite- 
peridorite ( sp) . 

Undifferentiated HUMBUG MOUNTAIN CONGLObElUTE and ROCKY POINT 
FOBMATION (Lower Cretaceous) --Well-indurated, normal to inversely 
graded polymic t chert-volcanic-metamorphic conglomerate and 
overLy ing thin-bedded turbidite graywacke sands tone s i l t s  tone of 
Koch (1966) and Dott (1971). A a l t o  and Dott (1970) in terpreted  
the depositional environment of t h e s e  units as  deep-marine 
turb id i t e s  and d e b r i s  flows. 

/I GGALICE FORMATION (Upper Jurassic)--Dark gray to black  parrly 
f i s s i l e ,  highly  sheared mudstone and siltstone interbedded with dark 
gray f ine-grained graywacke turbid ite sandstone with minor chert 
conglomerate. Mapped u n i t  includes areas of Gal i ce  volcanic s (Jgv) 
roe small or complexly inrerrelated to be mapped separately. 

VOLCANIC ROCJCS in the upper part of the Calice Formation ( U p p e r  
Jurassic) --Volcanic brecc ias  , pillow lavas , and tuffs , p o s s i b l y  
with some intrusive basalt .  

DXORITE (Jurassic)--Diorite stocks and dikes. 



Rogue Valley Sub terrane 

Middle and Upper Jurassic ( CIxf osdian-Tithonian) calcalkaline volcanic 
rocks (Johnson, 1980; Garcia, 1982) and assoc iated volcanolithic sands tone 
and shale) .  

Undifferentiated ROGUE and GALICE FORMATIONS (Jurassic) --Fktrusive 
volcanic rocks, including tuff breccia, greenstone, massive tuffs 
and agglomerates (basa l t  to andesite in composition), and 
rhyodacite flows and bedded t u f f s .  

P i c k e t t  Peak Terrane of Blake (1984) and Blake and others ( 1 9 8 5 )  

This terrane is represented by a small sliver of outcrop o f  Colebrooke 
Schist  at the western edge of the map in T. 31 S. The terrane is, however, 
much more extensive weet  of the map area in the Klamath Mountains where it 
includes an underlying serpentinite melange and contains greenstone 
"knockers". 

COLEBROUKE SCHIST Upper Jurassic ; Oxford ian to Xithonian?) --Dark 
gray m i c a  s c h i s t ,  carbonaceous p h y l l i t e ,  metagraywacke, minor 
meratuff and greenstone, and rare chert (Coleman, 1972). 
Greenschist to blueschist metamorphic minexala in the metagraywacke 
beds include quartz-albite-chlori t e  and phengite +/- lawsonite and 
*/- ca l c i t e  (Blake and others, 1985). In the metabasalts, the 
minerals include albite-chlorite-epidote-att inome */- crossite 
(Coleman, 1972). An Early Cretaceous age (125 t o  138 Ma) of  
metamorphism has been determined for the schis t  in Oregon and in 
California (Dott, 1971; Lanphere and others,  1 9 1 8 ) .  



Discussion of Southern Tyee Baain - Coast Range Stratigraphic Problems 

D i l l e r  (1898) was the  first to  map and define the Umpqua and Tyee 
formations in the southern Oregon Coast Range and pre-Tertiary rock units 
of the northern Klamarh Mountains in she area of investigation. Ewart: 
Baldwin and his thirty-two M.S. s t u d e n t s  a t  the University of Oregon did 
detailed pioneering work in the 1960's and 1970's in developing the Eocene 
stratigraphy, sedimentology, and mapping of the Cooa Bay and Tyee basins 
(see  Author Index h p  on P l a t e  1 and "References Cited"). Baldwin 
synthesized th i s  work into a series of geologic maps and reports ( B a l d w i n ,  
1974; Baldwin and Beaulieu, 1973; Baldwin and Perttu,  1989) i n  which the 
Eocene stratigraphy of the area was defined (Fig .  1) . In these reports, he 
divided the Umpqua Group into three formations : Roseburg (volcanics and 
sedimentary rocks) , Lookingglass, and Flournoy. He further distinguished 
several members within these formatians. 

Some disagreement on the interpretation of the stratigraphy of the 
Tyee Basin developed w i t h  a publ icat ion by Molenaar (1985). He is of the  
opinion that the Roseburg volcanics should b e  called Siletz River 
Yolcanics, a aeparate volcanic unit from the Umpqua Group C ~ i g .  1). In 
addition, be questions the regional uneonformity between the Tyee and 
FLournoy formations and suggests abandoning the Lookingglass and Flournay 
formations, downgrading the ~ a n k  of the  Umpqua Group to Eonnation. He 
would retain four of the f ive  member names but would combine the 
Olalla Creek Member of the Lookingglass Formation and the White Tail Ridge 
Member of the Flournoy Formation into one member ( t h e  White Tail Ridge  
Member)(Fig. 1). 

The stratigraphic relationship and map pattern of the Flournoy and 
Tyee  farmations in the north-central, and western part o f  the basin  is  also 
a subject of disagreement. Dn Plate 1, the contact between the Tyee and 
Flournoy in the northern p a r t  of the map area i a  queried because it has 
never been formally mapped in detail; it is sketched from discussions with 
Baldwin. Baldwin (1974) and B a l d w i n  and Perttu (1989) show that there are 
two lithologically similar formations in the type area in Flournoy Valley, 
with an unconfomity and a thick mudstone unit (Camas Valley Member) 
separating the  thick sandstones of the two units. Molenaar (19851, on the 
other hand, believes that the two litholagically s imilar  formations cannot 
be differentiated in the western and northern parrs of this map area. H e  
th inks  the two units  should be mapped as Tyee Formation as depicted by 
Wells and Peck (1961 and Snavely and others, 1964) .  This would 
significantly change the map p a t t e r n  on Plate 1 (see cross-hatched pattern 
on Pig. 2 ) .  We could not resolve t h i s  stratigraphic problem within the 2 -  
year scope of this compilation study; instead we elected to use Baldwin's 
inrerpretation because of the wealth of detailed geologic mapping ( e  .g., 
rhesis maps) in the southern part of the b a s i n  that utilize h i s  
nomenclature (see Author Index Map an Plate 1 and "References Citedfy). 

Recent s t u d i e s  of facies and depositional models in the Tyee Basin, 
using Baldwin's ( 1  974) stratigraphic nomenc latuse, have been conducted by 
Chan and Dott ( 1983 )  and by Heller and Dickinson (1985). These 
contemporaneous studies proposed different deltaic-submarine fan models and 
di f ferent  deposi t ional  pos i t ions  on the fan far  t h e  same rock units. Chan 
and Dott (1983) concluded that the Tpee-Flournoy is a sandy submarine fan 

-12- 



F i g .  1 Strat igraphic  nomenclature in the  Tyee Basin, comparing usage 
proposed by Molenaar ( 1985) with usage by Baldwin (1  9 7 4 ) .  Diagram 
slightly modified from Molenaar (1985). 



Fig. 2 Index map of western Oregon showing different interpretations of 
the d i g  tr ibu  tion of Umpqua Formation (or Group) ( including S i l e t z  
River Volcanics in southwestern Oregon) end Tyee Formation. Map A 
shows interpretation used by Wells and Peck (1961) and favored by 
Molenaar (1 9 8 5 ) .  Hap B shows interpretation of B a l d w i n  (1 974) . 
Flournoy Formation of Baldwin 11974) is part of Umpqua Group. Map 
and caption slightly modified from Bolenaar (1985). 



system whereas Heller and Diekinson (1 985) maintained that this sequence 
was deposited as a submarine ramp. We have added tentative boundaries 
be tween the dominantly d e l  ta-shelf sands tone-coaly f acies o f  the Flournoy 
(Tef )  and Tyee ( T e t , )  and the turbidite  fan or submarine ramp f a c i e s  of the 
Tyee (Tetb) and Flovrnoy ( T e f 3 )  on Plate 1, using the boundaries of  Chan 
and Dott (1  983) (Fig. 3 ) .  For the turbidite facies of the Flournoy (Tef , 
we have used the informal name Siuslaw member (from unpublished mapping by 
Mobil Oil Corp., B i l l  Seely, 1989, personal communication) . The type 
section of  the informal Siuslaw rnember of t h e  Flournoy Formation is very  
thick-bedded to massive amalgamated turbidite sands tones along the Siuslaw 
River. 

If the queried stratigraphic break in the north between the turbidite 
facies of the Flournoy Formation (~iuslaw member) and the turbidite facies 
of t h e  Tyee i s  not definable through more mapping i n  the future, then 
perhaps the informal Siusl-aw and Tyee turb id i t e  facie6 should b e  raised 
eventually to  formation status as a t u r b i d i t e  fan lithofacies equivalent to 
the delta-shelf facies of b o t h  the Tyee and Flournoy; or, perhaps, the 
Flournoy nomenclature should be dropped from the northern and western p a r t  
of the map area entirely. Only ongoing detai led mapping of l i t h o f a c i e s  and 
subsurface study, age control, and section measuring can betrer define the 
depositional lithof acies and thereby reaolve this problem. The second year 
of  this project i s  addressing the subsurface distribution o f  these units  
through a well  correlation diagram which w i l l  a l s o  b e  correlated to 
measured sections in the type area. Detailed mapping by members of the  
DOGAMI s taf f  and graduate students a t  the University of Oregon and Oregon 
State  University w i l l  also address this problem. 

Another area of stratigraphic disagreement is the presence of a 
regional unconformity between the White Tail Ridge Member of the Flournoy 
Formation and the Olal la  Creek Member of the Lookingglass Formation 
postulated by B a l d w i n  (1974) (Fig. 1) . Baldwin believes that the 
unconformity at the base of  the Flournoy Locally removed the entire 
thickness of the Lookingglass (Fig. 4B) . Molenaar (1 9851, in h i s  
redefinition of units, believes that the White T a i l  Ridge Member (which 
includes Baldwin's Olalla Creek Member) gradationally ~ v e r l i e s  and loca l ly  
scours into the Tenmile Member ( F i g .  4 A ) .  

Baldwin and University of Oregon graduate students ( e m g .  , Kugler, 
1979) mapped the sequence of shallow-marine sandstones and d e l t a i c  coaly 
facies west of Remote and along the Middle Fork af the Coquikle River as a 
finer grained delta-shelf facies of the Bushnell. Rock Member of the 
Lookingglass Formation ( F i g .  4 B ] ;  this is  the inrerpretation we used on 
Plate 1. Molenaar (1985) contends, on the  other hand, that the Bushnell 
Rock conglomerate facies does n o t  fine t o  this  coaly shelf  faciee near 
Remote but rather that  these rocks are a lithofacies of the White Tail 
Ridge Member (Fig. 4A) .  H e  prefers the model t h a t  the  Bushnell Rock Member 
is a conglomeratic fan d e l t a  lithofacies that pinches out to the northwest 
along with the pinchout of the shallow-marine and d e l t a i c  sandstones of the 
White T a i l  Ridge Member into a 10,000-ft thick slope muds tone facies of 
Molenaar's Umpqua Formation ( F i g .  1) .  An additional compEicatian is that 
mapping by Baldwin and his students show a major angular unconformity 
between highly deformed Roseburg strata (past of Molenaar's Umpqua 
Formation) and the overlying Lookingglasc Formation ( a l s o  past of 
Molenaar's Umpqua Formation) . Perhaps this stratigraphic disagreement 
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TYEE DEPOSFTION 
I 

Fig. 3 Facies distribution and paleageography of Flournoy Farmation (panel  
a) and Tyee Formation (pane l  b) , showing northward progradation of 
d e l t a  facies from early Ulatisian t o  late Ulat is ian (from Chan and 
Dott, 1983). 
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Mo lenaar ( 1985 ) . 
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could b e  resolved by mapping lithof acies and temporarily abandoning the 
established nomenclature; that i s ,  mapping from the type sections of rhe 
u n i t s  and defining them strictly on l i thology and stratigraphic position. 
For example,  Ryberg ( 1984) recognized e ight  li tho£ acies w i t h i n  the Roseburg 
and Loakingglass strata. Using lithofacies associations, he then mapped 
the fan fac ies  of  the Raseburg which we incorporated on Plate 1 i n  order to 
show the distribution of the principal facie8 such as deep-sea 
c~ngZmetatea and sandstone i n  contrast to  thin-bedded mudstone and 
sandstone. This lithofacies association mapping is generalized on P l a t e  1 .  

Another area ef concern is the  stratigraphic age assignment for these 
Eocene unite. We followed u t i l i z e d  t h e  age assignments o f  Armentrout and 
others (1983) and Miles (1981). Miles (1981) showed that, based on 
planktonic foraminifersr the Roseburg and Lookingglass formation8 were 
deposited during early Eocene t i m e  (Zone P7-8), the Flournoy was depos i ted  
during early middle Eocene t i m e  (Zone P10) , and an unconformiry 
representing 1 t o  2 mi l l ion  years occurs between the two units. This 
conclusion agrees with Baldwin's ( 1974) f i e l d  mapping interpretation. 
Bukry and SnavePy (19881, however, reported that cocco l i ths  from the 
Roseburg, Lookingglass (Tenmile Member) , and Plournoy are a l l  from Zone CP- 
11 (i.e., late early Eocene), suggesting age equivalency among the three 
units as Molenaar (1985; Fig. 1) maintained. This apparent age dispari ty  
between planktonic and coccolith zones i n  these units needs to be  addressed 
through sampling the same outcrops for  both foraminifers and cocco l i ths .  

These differences in interpretation of the Eocene stratigraphy 
hopefully w i l l  be resolved through ongoing subsurf ace s tud ies ,  derailed 
surface mapping; of lithofacies, age dating, and section measuring by 
DDGAMI, U.S. Geological Survey, University of Oregon, and Oregon State 
University geo log i s t s .  The result ing stratigraphic framework w i l l  d irect  
future d r i l l i n g ,  defining which are the Earget units  i n  the subsurface. It 
w i l l  also e f f e c t  interpretation of the reservoir and source-rock facies 
discussed in this  preliminary report. 

NOMENCLATURE OF THE TECTONOSTRATIGRAPHIC TERRANES OF THE KLAEfATB MOUNTAINS 

The Mesozoic rocks of the Klamath Mountain province o f  southwestern 
Oregon and northern California have had a long and complicated geologic  and 
structural h i s ~ o r y .  These rocks form the southern margin of  the Tertiary 
Tyee Basin. A br ie f  discussion of these rocks and tectonos tratigraphic 
nomenclature i a  included here because of t h e  need t o  evaluate the oil and 
gas potent ia l  of the Lower Cretaceous Myrtle Group and the implications o f  
the regional structural se t t ing  of these rocks for maturation and 
strucrural traps i n  the southern part o f  the Tyee Basin. 

Coleman (1972),  Dott (lS7l), and more recently Blake (19841,  Blake 
and others (1985),  Roure (19841, Roure and others (19861, Roure and 
Blanchet ( 1 9 & 3 ) ,  Carayon ( 19841 ,  and Carayon and others (1984) have 
recognized that the northern Klamath Mountains o f  Oregon are composed ef a 
series of westward and northwestward oriented nappes or imbricate thrust 
sheets. Some are cut by and have been moved long distances by transcurrent 
faults as a r e s u l t  of p l a t e  c o l l i s i o n  and accretion. Deformation occurred 
in  the Jurassic, early and late Cretaceous, and poss ib ly  as late as the  
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early to middle Eocene as p la te  c o l l i s i o n  caused overthrusting of some 
Mesozoic rocks (e.g., Sixes River terrane) over the Boseburg volcanics and 
sedimentary strata (Carayon, 1984; Carayon and others, 1984).  

These investigators have reorganized, and i n  some cases r e d e f i n e d ,  
tradit ional ly  mapped Klamath Mountain rock u n i t s  into tectonos~ratigraphic 
terranes, r e s u l t i n g  in a d i f ferent  understanding of the complicated 
geologic history of the Klamarh Mountains. Howell and others (1985) 
defined a tectonosrratigraphic terrane as "a fault-bounded package of rocks 
of  regional extent characterized by a geologic history which d i f f e r s  f r o m  
t h a t  of neighboring terranes". Blake ( 1 9 8 4 )  and Blake and others (L985) 
have appl ied  th i s  terrane concept  t o  the complicated Mesozoic geology of  
the Klamath Mountains of southwestern Oregon. They have recognized eleven 
terranes, six of which form the southern margin of the Tyee Basin (Fig. 1 
on Plate  1 ) .  These eerranes are: Sixes River, Yolla B o l l y ,  P i cke t t  Peak, 
Snow Camp, and Western Klamath (E lk .  subterrane and Rogue Valley 
sub~errane) . The Time-Rock Chart on P l a t e  1 i l l u s t r a t e s  the s trat igraphic  
and age relationships between the units that comprise each terrane and 
between terranes. Most of  the rock unit namee within each terrane are the 
formational names tha t  have been traditionally used in geologic mapping of 
the Klamarh Mountains. Traditional rock u n i t  names are used on most of  the 
maps l i s t e d  i n  "Sources of Mapping" on Plate  1 ,  part icular ly  i n  theses. 
The reader i s  referred ro these traditional names in Ramp (19721, Baldwin 
(1974), and Ryberg ( 1 9 8 4 ) .  
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OIL, GAS, AND COAL POTHNT'IAL OF THE SOUTHERN TYEE BASIN 
- A Preliminary Aseessment 

by 
Alan R. Niem 

OIL AND GAS POTENTIAL 

Summary 

Preliminary analysis through compilation of the geologic map, b r i e f  
study of seismic reflection linea, and gathering saurce rock, maturation, 
and porosity and permeability data from industry and government agenc iea 
suggests that the oil potential  of the lower Tertiary marine rocks of the 
southern Tyee Basin is Low while the potent ia l  for  gas is low t o  moderate. 
The potential for gas is best in the south-central part of the baain in 
terma of favorable source rock < e .g., coals) , seals,  maturation, 
reservoirs and structural and stratigraphic traps. T h i ~  area is where 
most of the known gas and o i l  seeps occur ( P l a t e  2) . The occurrence of 
many o i l  and gas shows in exploration wells throughout the q e e  Basin 
indicates  that  the potential of th i s  b a s i n  s t i l l  needs to be further 
investigated and that commercial quantities of hydrocarbons may exist  in 
the  subsurface. 

The adjacent Mesozoic rocka of the  northern Klamatb Mountain Province 
that  flanks the basin t o  the south have low potential  for reservoirs and 
structural traps due t o  the intense  deformation, and indurated nature of 
the sedimentary units and abundance of volcanic and igneous units (Blake, 
1984; Roure and others, 1 9 8 6 ;  Carayon, 1984). It is possible that Tertiary 
Roseburg turbidire strata may be locally matured and fractured by deep  
underthrusting beneath the  margin of the  Klamath terrane (crass sections C- 
C' and D-D', P l a t e  3 ) .  

The northern part of the bas in  appears t o  be underlain by thick 
Paleocene to Lower Eocene oceanic basalt basement ( Sile t z  River-Roseburg 
volcanics) and t h i c k  lower Eocene mudstone (unit Ter4) that  is laterally 
equivalent t o  the  Roseburg turbidire fan strata to the south. Overlying 
these units are thick,  tightly cemented non-reservoir lower t a  middle 
Eocene micaceous l i t h i c - f e l d s p a t h i c  turbid i r e  fan sandstones of the Tyee 
and Flournoy formations) which have Low to  moderate porosities and 
permeabilit ies . Overlying the eurbid i  te sequences are indurated deep- 
marine channelized slope turbidire sandstones and slope mudstones of the 
middle Eocene Elkron Formation (unit Tee) and more fr iab le ,  cleaner (more 
permeable?) arkosic deltaic sands tone o f  the middle Eocene Bateman 
Formation (unit Teb) . Unfortunately , bo th  of these younger units have been 
breached by erosion. However, broad (more open) north-south and northeast- 
southwest trending folds occur to the north (PLate 1) .  Evaluation of the 
14 exploration wells that  have been drilled in the bas in  is in progress and 
may provide further insight t o  the p o t e n t i a l  of the area.  In a d d i t i o n ,  
more da ta  are needed in the south-central part of the area (bath  seismic and 



f i e l d  mapping) on potential source and reservoir rocks, sedimentary facies, 
and favorable structural and stratigraphic t r a p s  - 

The following is a preliminary evaluation of the southern Tyee Baain in 
terms of source rocks, maturation, cap socks or seaLs, potential  reservoir 
rocks ,  structural and s trat igraphic  trapa, timing of hydrocarbon 
accumulation, results of past exploration drilling (20 wells), oil and gas 
seeps, and coal  resources. The reader should refer t o  the o i l ,  gas, and 
coal resource map (Plate 2) , the geologic map (Plate I ) ,  and the cross 
eections (Plate 3). This report also includes data tables of source rock 
and maturation data ,  porasity and permeability measurements, and coal 
analyses and reserves estimates. Sample Locations are indicated and 
numbered on Plate 2 and correspond t o  the sample numbers used i n  the data 
tables. Values for porosity and permeability are shown on Plate 2 and 
l i s t e d  i n  Table 2. This array of d a t a  has been contributed by industry, 
academia, and government agenciea and has been gleaned from published and 
unpublished SQUrCeS; a list of the sources of the data appears on Plate 2 
and in '%ferencec Cited". The author appreciates permission eo p u b l i s h  
these data. This interpretation of the data i s  only preliminary and comes 
from a compilation of the data  at hand. A final evaluation will be 
prepared at the end of the 5-year study of the bas in  by DWdMX. 

SOURCE ROCR 

Distribution: 

More than 1,365 source rock analyses from 139 surface localke iea  
(Plate 2 and Table la) have been performed on most of the Paleogene rock 
unite in the basin and on some of t h e  Upper Jurassic to  Lower Cretaceous 
rock units in the adjacent Klamath Mountaiaa. The types of analyses 
include to ta l  organic carbon (TOC) , Rock-Eval pyrolysis, some C15 soxhlee 
exrrac t i o n ,  and liquid chromatography, and some visual kerogen typing ( see 
Table  1 ) .  Most: source rock analyses (TOC) were performed by Mobil Oil Corp. 
(unpublished) and the U.S. Geological Survey (Law and others, 1984). 
Sampling was concentrated i n  the o l d e s t  units (Upper Jurassic-Lower 
Cretaceous Myrtle Group and Paleocene t o  lower Eocene Roseburg strata) , 
representing 1,310 samples, in the southern part of the map area Csoutheaat 
of Roseburg, in the Canyonville-Myrtle Creek-Riddle area, and in the Agness 
area) (Plate 2 ) .  Fewer analyses a r e  available for the lower  to  middle 
Eocene units (Tyee, Plournoy , and Lookingglaes formations) and even fewer 
for the youngest units (middle Eocene Bateman and Elkeon formations) in the 
north-central part of the map area (Pig. 1).  Virtually no analyses are 
available for the other, intensely deformed, Jurassic-Cretaceous 
sedimentary units of the Klamath Mountain rectonostratigraphic terranes 
(e .g . ,  Sixes River terrane [ u n i t  KJs 1 , GaLice Formation [unit 3gl) . 
Further analysis of ~ u r f a c e  samples of units o t h e r  than the loseburg and 
Myrtle Group is warranted. 

Source rock data  for outcrop samples are listed by locality number and 
surmarized by formation in Table  la. Several hundred source rock analyses 
( e . g . ,  TOG, Rock-Eval, ClS extraction) for samples from eight wells in the 
northern and central part  o f  the basin provide additional information on 
the source rock potential of the Eocene u n i t s  ( i.e., Elkton t o  Roseburg) . 
The subsurface data  are presented as an average for each well in Table lb. 
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Results:  

Moat published and unpublished reports by consultants, industry, and 
government agencies indicate that the source sock potential of the Lower 
Cretaceous and lower Tertiary marine rocka i a  low t o  marginal (more than 
95% o f  the samples analyzed conta in  (1 .O% TOC [see Table l a  and F i g .  11 ; 
which i s  t yp i ca l  of lean source rocks; Tiasor and WelEe, 1978) (Law and 
ochers, 1984; Newton, 1980). Dickey and Hunt 11 972) showed rhat a minimum 
of 0.50 w t  % TOC is necessary for e rock to be in e f f e c t i v e  hydrocarbon 
source. Many of the surface samples are below or barely exceed that  value 
(Table la). 

Outcrop samples of the middle  Eocene Tyee Formation have the highest 
percentage of T.O.C. (0 .90% for 5 sampler, excluding one anomalously high 
value of 11% and coals). The next: highest values o f  TOC occur in Upper 
Jurassic-lover Cretaceous Myrtle Group samples (0.87% for 20 samples), in 
the Cretaceous Days Creek Formation (0.78% for  617 samples) , Upper 
Jurassic-Loner Cretaceous R i d d l e  conglomerate ( 0  -77% for 22 samples) , lower 
Eocene Lookingglass mudstones ( 0  -59% for 1 9  samples), lower and middle  
Eocene Flournoy shales (0 .58% for 17 samples) ( ~ i ~ .  1). The loves t values 
are i n  the middle Eocene Elkeon mudstone (0.56% f o r  10 samples) and the 
Paleocene-lower Eocene Roseburg muds tone ( 0.48Z for 651 samples) ( F i g .  1). 
Law and others (1984)(~able I c )  showed that the highest values of TOC in 
t h i s  lower Tertiary sequence are in coals ,  ~arbonaceous  shales, and 
muds tones.  The Tyee average is anomalously higher than expected , poss ib ly  
due ro high-grading of three samples (Browning and Flanagan, 1980). The 
TOG values for  more than 300 samples a f  fresh cuttings from eight widely 
spaced oil and gas exploration wells also are i n d i c a t i v e  of low t o  marginal 
source rocks (Table ib), suggesting rhat surface weathering and degradation 
of organic matter is not the reason for  the low values af TOG i n  these 
rocks. However, a low to marginal source rock rating is not s u f f i c i e n t  ro 
condemn a Tertiary forearc bas in  in western Oregon. The M i s t  Gas Field 
producea from m i d d l e  to upper Eocene strata that are similarly low to 
marginal source rocks ( i . e .  , most TOC values (1%; Niem and N i e m ,  1985; 
Armentrout and Suek, 1985) y e t  i t  i s  a commercial field, producing since 
1979 (Olmstead, 1989a). 

There are some no table exceptions to the generalization that: the Tyee 
Basin has poor to Lean source rocks. One is the abundant and potent ia l ly  
very widespread subbituminous to bituminous coals i n  the deltaic f a c i e s  of 
the Tyee Formation (unit Tet, ) , Lookingglass Formation ( O l a l l a  Creek 
Member [ u n i t  Te13] on the east flank; Bushnell Rock Member [ u n i t  Tell 1 on 
the west  flank), and Flournoy Formation ITef) in the southern part of  the 
b a s i n .  Plate 2 illustrates the d i s t r i b u t i o n  of  coal outcrops (and samples 
number I8 and 19 for Tyee Formation in Table  l a )  . These coal beds are 
locally several feet thick, potentially underlie tens of square miles 
( e m g . ,  Eden Ridge f i e l d ) ,  and contain sufficient v o l a t i l e  organic matter to  
generate dry and/or biogenic gas (e .g. ,  45% TOC in Tyee coa l s  , Fig. 1, 
and 27 to 33% volatile matter f o r  hundreds of coal analyses from the Tyee 
Eden Ridge coal field, Tables 4 a  and 4 d ) .  These widespread c a a l s  are 
associated with a locus  of reported methane gas seepa in the basin (see 
"Coal Resources" discussion and PLate 2 ) .  Buried coals and marginal t o  
lean upper CowLirz mudstone associated with the upper Eocene d e l t a i c  
Cowlitz Formation i n  the Tualatin and/or Nehalem basins e a s t  of the Mist 
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Gas F i e l d  may be the source of the p a r t i a l l y  thermogenic gas produced in 
the f i e l d  (Armentrout and Suek, 1985; Fortier, 1989, ARCO, ~ eraona l  
communication) . 

Orher types of source rock analyses (e.g. , visual kerogtn typing, C15 
extract,  Rock-Eva1 pyrolysis) substant iate  the TOC analyses t h a t  most 
Eocene t u r b i d i t e s ,  s lope  mudstones, and deltaic and shelf formationa in the 
baain  are limited (poor) t o  marginal source racks. These other types of 
analyses have been conducted on much fewer samples. For example, 
microscopic inspection 05 kerogen types from outcrop and well cuttings 
samples (Brown and Ruth, 1983; Browning and Planagan, 1980; Tybor i n  
Newton, 1980) suggests that  most kerogen i n  the samples i a  dominated by 
terrestrially derived herbaceous pollen and woody material ( i. e. 
carbonaceous plant debris). There are only minor t o  trace amounts of 
amorphous material and a l g i n i t e  (see Flournoy i n  Table la). T h i s  dominant 
type of  kerogen tends to  be  gas-prone (Tissot and Welte, 1978; Tybor in 
Newton, 1980) . Low extractable bitumen Levels in a few samples (e.g., 188 
ppm) and C15 excract ( t o r a l  estimated hydrocarbon) of  a few surface samples 
and dozens of subsurface samples also suggest that these Lower t o  middle  
Eocene units have poor t o  very paor oil source rock raring (Tybor i n  
Newton, 1980; Brown and Ruth, 1983). 

Law and others (1984) and Tybor (in Newton, 1980) showed t h a t  low 
hydrogen indices CH index = S P I T O C )  and high  oxygen indices (02 index a 
S3/TOC) from Rock-Eva1 pyrolysis of a dozen outcrop samples of these lower 
Tertiary formations (Table lc) p l o t  i n  the field of Type I11 hydrogen- 
def ic ient  organic matter on a binary graph of oxygen index versus hydrogen 
index (Van Krevelen diagram Pig. 2) , thus reconf inning the terrestrial gas- 
prone Inon-oil or low o i l  po tent ia l )  nature of the kerogen ( F i g .  2; Table 
lc) . Further confirmation of this conclusion is provided by similar Boek- 
Eval pyrolysis analyses of many well cuttings of these Eocene units by 
Brown and Ruth ( 1983) and Amoco I 1985) . Law and others (1 9843 warned thac 
the low TOC in these samples a l s o  can lead t o  artificially Low hydrogen 
index values due to adsorption a£ pyrolysis products by c l a y s  ( l i k e  
smectites) and other mineral. matter. The only exceptions to the poor to 
lean source rock evaluations are the two coal samples from the Tyee 
Formation (sample nos .  25 and 2 6 ) .  These coals also have high hydrogen 
indices and could serve as gas and minor o i l  sources (if matured) ; they 
p l o t  as Type I and Type X X  o i l -  and gas-rich source rocks, according t o  Law 
and others (1  984). 

The genetic potential ( S 1  + S2 in Table lc from Law and others, 1984) 
from source rock pyrolysis analysis is a measure o f  the  source rock 
generation c a p a b i l i t y  o f  a rock expressed in milligrams of hydrocarbon 
p e r  gram ( rug/&)  or kilograms o f  hydrogen per t on  of rock. Rocks with less 
than 2 kg/ron genetic potential  have low hydrocarbon potential whereas 
samples with greater than 6 kg/ ton genetic p o t e n t i a l  have goad source rock 
values. Far the few outcrop samples of Tyee, FZeurnoy , Lookingglass, and 
Roseburg strata t h a t  were analyzed, the genetic potential is (0.6 kg/ron; 
for the Elkton, it is (1.15 kg/ton. Thus, the genetic p o t e n t i a l  a l s o  
indicates that the Lower Tertiary s tra ta  of t h e  Tyee Basin are lean source 
rocks. The important exceptions being the two coals in the Tyee and the 
carbonaceous sha le  i n  the Lookingglass Formation (nos. 21 , 26¶ and 2 7 ,  
Table lc) which have genetic p o t e n t i a l s  of 148 kg/ ton ,  61 kg/eon,  and 11 
kg/ron. These data  reaffirm Che importance of coals as potent ia l  source 
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Fig* 2 Modified Van Krevelen diagram (Tissot and Welre, 1978) of hydrogen 
and oxygen i n d i c e s  o f  samples from southern Tyee Basin (adapted 
from Law and others, 1 9 8 4 ) .  



rocks for gas in the Tyee Baain. Rare traces of oil are recognized in some 
wel l s  that penetrated the coals (see  oil and gas seep section and Table 4 c ) .  

S i m i l a r l y ,  visual kerogen typing, Rock-Eva1 pyrolysis ( for generation 
potent ia l )  , chromatography, and C15 extraction characterization of dozens 
of  well  cuttings samples a l s o  confirm the gas-prone, non-oil or low oil 
source potential o f  these Paleocene-Eocene units (Brown and Ruth, 1983 ; 
Amoco, 1985) . Brown and Ruth (no d a t e ,  report on Amoco Weyerhaeuser F-1 
well) suggested that these hydrogen-deple ted , highly oxidized woody 
kerogeas with high pristanelphytane ratios in the Paleocene t o  upper Eocene 
units in the Tyee Basin were probably subjected to degradation during 
transport and soon af ter  shallow burial, perhaps by oxygenated waters. 
Most kerogen formed in & and has no& migrated after burial. 

These preliminary analyses, however, should not condemn th is  bas in  of 
over 15,000 feet of Eocene s t r a t a  aa a non-oil gas-prone prov ince  because 
this sampling (part icularly  in the younger units)  may not be ent i re ly  
representative. The reports of several natural "oil  seeps" and shows in 
wel l s  i n  older non-coal-bearing u n i t s ,  l i k e  the Roseburg, suggest that 
some unsampled ail-prone source may exis t ,  perhaps at depth* 

More systematic outcrop sampling and f i e l d  mapping of potential  source 
rock mudtone u n i t s  such a s  the Tenmile Member, coa l s  i n  the Lookingglass, 
Tyee, and Flournoy (White Tail Ridge Member) , and the melanged Sixes  River 
terrane rocks ( e s p e c i a l l y  in the southwestern part of the map area) should 
be done in order t o  evaluate more f u l l y  the source rock potential  of the 
area. 

MATURATION 

Distribution of Samples : 

The distribution o f  surface samples of the early Tertiary and some of 
the Upper Jurassic-Lower Cretsceoua serata ( i. e m  , Myrtle Group) across the 
b a s i n  for which thermal maturation data (vitrinite reflectance , Rock-Eva1 - 
SZ , 212, 53 and tsansf ormation ratios ,  TAf and C15 extrae t chromatography) 
are available i.6 also skewed. The majority of d a t a  is for samples in 
Paleocene-lower Eocene Roseburg turb i d i t e  fan srre ta  in the Roseburg- 
Sutherlin area and for Upper Jurassic-Lower Cretaceous Myrtle Group in  the 
Nyrrle Creek-Canyonville-Riddle area ( P l a t e  23 . Scattered outcrop samples 
of Tyee, Flournoy, and Lookingglass in the southern and central  part of the 
map area have been analyzed for maturation; and there are f e w  samples f o r  
the youngest units (Bateman and Elkton formations) in the central part of: 
the basin (Fig. 1 ;  Table la ;  Plate 2). 

Continuous downhole samples (cuttings) for vitrinite ref lee tance, 
Rock-Eval, and C15 e x t r a c t  are averaged for s i x  wells scattered across the 
c e n t r a l  and northern part of  t h e  basin (Table lb and Plate  2 ) .  A summary 
of the average vitrinite ref lectance  value f o r  the Eocene s e c t i a n  in each 
weLI i s  presented i n  Table Lb. Additional outcrop samples of the lower 
Tertiary units in the southwestern p a r t  of the map area and perhaps from 
the older Jurassic-Cretaceous sedimentary units ( such as the h i g h l y  sheared 
marine mudstone i n  the S i x e s  River terrane) should be ana lyzed .  



Results:  

Preliminary interpretation of the maturation data auggests that most 
Tertiary and some Upper Jurassic-lower Cretaceous units anaLyeed are too 
thermally immature for generation of thermogenic dry gas and are marginal ly  
mature t o  immature for o i l .  Most samples (>80I3 give v i t r i n i t e  reflectance 
values {RQ) (0.66% (Fig. 11, juer below the major window of oil generation 
and significantly below the levels of dry and wet gas generation- (Fig. 3) . 
The top of the oil window varies with the kind of organic matter from 0.5 
r o  0.7% Ro, and the bottom 02 che window i a  1 .3% Ro (Tissot and Welte, 
1978) (F ig .  3 ) .  Most Tyee Basin samples cluster around 0 .55  to 0 -66% Ro 
(TabLes l a  and lb) . Themnogenie gas is thought to be generated at 
vitrinite reflee tance values above 0.70% % for woody or terrestrial Type 
111 kerogen. Therefore, the virrinite reflectance values of many 05 the 
w e e ,  Flournoy , Lookingglass, Roseburg, and Myrtle Group samples which 
contain p r i n c i p a l l y  Type I11 kerogen are insufficient t o  generate 
thermogenic dry gas ( Law and others, 1984)  . For example, one Bateman coal 
sample has a v i t r in i t e  ref lee tance of 0.45% (correlates to subb ituminous 
rank, Fig. 3). Three Elkton outcrop samples from near the top of the 
section average 0.59% Xo; the average of seven FLonrnog samples is  0 -50% 
Ro. The v i t r in i t e  reflectance of 19 Lookingglass outcrop samples is 0.59% 
Ro, and the average for 165 outcrop samples from the Roseburg is 0 .59% Ro. 
Upper Juragsic t o  Lower Cretaceous Riddle Formation samples average 0.56% 
Ro ( 2  samples) ( F i g .  13 . 

The Tyee average is higher than expected af 0.662 Ro which puts these 
rocks close to the center o f  the oil g e n e r a t i o n  window. This average is 
anomalous because the vitrinite reflectance values o f  more deeply  buried 
Eocene units (e .g . ,  Roseburg, Lookingglass, and Blournoy) that u n d e r l i e  the 
Tyee are lower (P ig .  1). Xn a d d i t i o n ,  the average values o f  vitrinite 
r e f l e c t a n c e  for hundreds of cuttings samples from several o i l  and gas 
exploration wells that penetrated the Tyee and underlying Eocene units 
(e .g  . , Amoco Weyerhaeuser F-1 and Weyerhaeuser 8-11 a t e  nearly the same as 
the values for outcrop samples (e .g. ,  0 -49 to  0.66% Ilo, Table l b )  (Brown and 
Rnth, no d a t e ;  Amoco, 1985). Vitrinite reflectance values for the Tyee 
coals i n  outcrop are probably more typical  of the formation and vary from 
0.63% (sample 18, Table la) to 0 .552  (sample 19, Table la)  which 
corresponds to  subbituminous t o  high v o l a t i l e  "C" bituminous coal (Demshur, 
Core Lab, 1979, l e t  tar i n  Browning and Planagan, 1980) (Fig. 3) . 

Only the o l d e r ,  more deformed Lower Cretaceous Days Creek Formation 
of the Myrtle Group are i n  the major zone of the oil generation window, 
averaging 1.01% Ra for 43 outcrop samples and 0.74% Ro for t w o  samples 
(Fig. 1). Unfortunately, t h i s  unit is breached by erosion in the Myrtle 
Creek area. Also  based upon p l a t e  tectonic reconstruction, this unit would 
not l i k e l y  underlie much, i f  any, of the Tyee Basin. The Paleocene to 
Eocene formations, e.g . ,  Roaeburg Formation and Roseburg VoLcanics, are 
thought to have been subducted beneath the Klamath Mesozoic terranes 
including the Myrtle Group (Snow Camp terrane;  see P l a t e  3 ,  croas section 
A-A') . An exception is in T. 31 and 32 S *  , 8. 10 W. where Myrtle Group 
strata appear to dip northwestward beneath the Tyee and Flournoy forearc 
strata that unconformably overlie these Klamath terranes (Plate 1 and cross 
section D-I)' on Plate 3 ) .  



ZONES OF PET FlOLEUM 
MNERATION AND DESTRUCT ION 

F i g .  3 Correlation of maturation indices  ( D m ,  1977) I from Newton, 1980). 

Fig.  4 Naphthenes sample l o c a l i t y  Fig. 5 Naphthenes , sample l o c a l i t y  
109, Roseburg mudstone. 30, Flouraay muds tone 
(from Tybar, in Newton, 1980). (from Tybor, in Newton, 1980). 
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Limited analyses suggest that the kerogen in these Upper Jurassic-  
Lower Cretaceous and Paleocene to Eocene u n i t s  is probably dominated by 
gas-prone woody or coaly humic) t y p e s  ( see "Source Rock" section) . This 
type of kerogen and the l o w  ro marginal amount of total  organic carbon in 
these rocks (excepe for coals) is more l i k e l y  to produce quantities of dry 
thermogenic gas rather than large quant i t ies  of oil (see F i g .  3 ) .  The dry 
gas window occurs a t  much higher values of v i t r i n i t e  reflectance <Ro >1.0 
t o  3.5%) than have been measured i n  these surface and subsurface samples 
(Fig. 3 ) .  It is, therefore, unlikely that significant quantities of dry 
thennogenic gas would be  generated although some wet  thermogenic gas and 
immature oil may have been generated at  0.6% or above. This does not 
exclude the posaib ili t y  of generation of commercial quanti t ies  of biogenic 
gas in thermally immature strata particularly from the coals (see "Oil and 
Natural Gaa Seeps and Shawa in Water Wells" sec t ion) .  

Other types of geochemical t e s t a  for maturatian (although more limited 
in number of samples) confirm the thermal immaturity o f  the Eocene and 
Upper Jurassic-Lower Cretaceous un i t s  broadly indicated by the virrinite 
ref lee tame values. For example, thermal alreration index (TAX) and level  
of maturation index (LOMI determined by microscopic inspection of kerogen 
and coloration of spores are t y p i c a l  of low level of maturation l i . e . ,  
imature to marg ina l ly  mature i f  TAI a -2 to 2.32; Haykus in Newton, 1980, 
and LOM of 6-7 according to Browning and Flanagan, 1980)ITable la). 
However, Browning and Flanagan ( 1 980) noted some reworked thermal ly  mature 
Cretaceous pollen (LOM = 11-12) in a l l  the Eocene units as well as in the 
Coaledo Formation of the  Coaledo Basin. This is strong evidence of 
reworking of Upper Cretaceous strata, possibly of a younger Maesrrichtian 
age (Browning and Planagan, 1980) unknown i n  moat of the Oregon Klamath 
Mountains e x c e p t  a t  Cape Sebaa tian (Bourgeois, 1984)  . Browning and 
Planagan (19803 analyzed only a few surface samples from the Sixes River 
terrane (Otter Point and Dothan formations in  their  report) .  In those, aL1 
the pollen are entixely carbonized; and, theref ore ,  the rocks are thermally 
overmature (i. e., beyond the o i l  window) . 

Another geochemical indicator o f  thermal maturity is the 
transformation r a t i o  ( S1/( S1 + SZ)(Table Ic} ; S 1 ,  S 2 ,  and S3 are measured 
during Rock-Eva1 pyrolysis. According to Law and others ( 1 9 8 4 )  , Sl 
"represents the quantity o f  v o l a t i l e  hydrocarbon (HC) expelled from rocks 
held at 250 degrees C for 5 minutes; S2 measures the quantity of 
hydrocarbons (HC) released from the rock samples upon pyrolysis of the 
kerogen a t  250 ra 550 degrees C programmed ar  25 degrees C per minutes. S3 
is a measure of the amount of p y r a l i  t i c  carbon dioxide evolved during the 
heating i n t e r v a l  from 250 to 390 degrees C" see a l s o  Tissot and Welte, 
1978; E s p i t a l i e  and others, 1 9 7 7 ,  for more d e t a i l s )  . Some Eocene rock 
samples from the Tyee Basin are within t h e  o i l  generation window according 
to  the i r  transformation ratios ( i . e .  0.1 to 0 . 4 1 ,  bur most samples are 
not (Table l e )  . Pn a d d i t i o n ,  the Tmax temperature (Table  1c) determined 
from Rock-Eval pyrolysis, corresponds to temperatures typical  o f  immature 
source rocks  ( i . e . ,  in  the range of 400 to  435 degrees C; Law and others, 
1 984) . 

Similar resu l t s  o f  Rock-Eva1 analysis have been obtained on hundreds 
of cuttings samples from e x p l o r a t i o n  wells scattered across the basin 
(Brown and Ruth, 1983; Amoca, 1985). C l f  e x t r a c t s  and gas chromatography 
a l s o  indicate  Low y i e l d s  and immature source rocke (Brown and Ruth, 1983). 
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Detailed C15 soxhlet extraction and chromatography reveal that the organic 
matter in a few Roseburg and Tyee outcrop samples is mainly steranes and 
Eerpanes which are also typical of recent and thermally immature 
sedimentary arrata (Haykua in Newton, 198Q)(Figs. 4 and 5 ) .  

However, these preliminary indications of low maturity and source rock 
potential  should not condemn the basin  from further exalorstion for oil and 
gas. Some coal-rich d e l t a i c  units could produce commercial quantities of 
b i o g e n i c  gas (see " O i l  and Natural Gas Seeps and Shows in Water Wells" 
sect ion and Table 3a). For example, similar thermally iumature t o  
marginally mature rocks with low source rock potential  (woody kerogen, some 
coala) alao occur in middle Eocene strata in the Astoria and NehaLem bas ine  
and in the Mist Gas F i e l d  in northwestern Oregon (Niem and Niem, 1985; 
Armentrout and Suek, 1985; Alger, 1985). The middle  t o  upper Eocene 
Covlitz Formation has produced over 35.8 b i l l i o n  cubic feet of methane gas 
s i n c e  1979 COLmstead, L989a) * 

In a d d i t i o n ,  the scattered reports of "gas" and "oil" seeps in the 
southern part o f  the basin suggest that  some source rocks have been l o c a l l y  
matured (Place 2) .  Local maturation mechanisms should be evaluated: ( 1 )  
f laah maturation by heat generared from thick Tertiary intrusions (unit Ti 
on Plate 13 i n  po ten t ia l  deep-marine mudstone and coaly source racks (e.g. 
east of Sutherlfn and Roseburg), deeper burial of deltaic-marine lower 
Tertiary rocks ( e .g . , Flaurnoy) that dip eastward beneath the western 
Cascade province where higher geothermal gradients should have been 
present; note Fisher  [un i t  Tcf 1 and L i t t l e  Butte Volcanics [un i t  ~ l b l  on 
Plate 1; cross section C-C' on Plate 3 1 ,  and ( 2 )  poss ib l e  deeper buria l  due 
t o  postulated underthrusting of the PaLeocene t o  Eocene Roseburg strata 
beneath the northern Klamath province (cross sec tiong A-A' and D-D', Place 
3 )  * 

Local heating by intrusions of thermally imature  muds tones in the 
Astoria and Nehalem bas ins  of northwestern Oregon may be the source of the 
thermogenic gas in the Mist Gas F i e l d  (Niem and N i e m ,  1985) .  'This 
mechanism appears t o  be limited in the Tyee Basin because there are 
r e l a t i v e l y  few intrusions ( u n i t  Ti on Plates I. and 2 1 ,  and most are c lose  
t o  the Cascades in the southeastern part  of the  basin- Deep buria l  of 
strata due to underthrusting and seepage up along thrust fau l t s  and other 
faults ( e m & .  , strike-slip faults) also appears to be a local mechanism, and 
i t  may explain the occurrence of some of the g a s  and o i l  seeps (e.g. along 
the Restan Fault) ( P l a t e  2) tsee  further discussion in "Oil and Natural Gas 
Seeps and Shows i n  Water Wells") . Some a i l  shows even occur in the 
northern part  of the bas in in the basement volcanics ( e  .g. , Florida 
Exploration w e l l )  h i n t i n g  that potential source rocks  may e x i s t  w i t h i n  or 
beneath the volcanics (Table 3a3.  Structural models and seismic reflection 
daea indicate that p o t e n t i a l  reservoir strata i n  the Tyee, Plournoy, and 
Lookingglaas overlie thrusted Roseburg volcanics and p o t e n t i a l  sedimentary 
source rocks (see "Structural Traps and Regional S trucrure" section). 



RESERVOIR ROCKS 

Very limited data on porosity and permeability (fewer than 35 analyses 
from 22 Local i t ies ,  TabLe 2 )  are presently avai lable  on potent ia l  sandstone 
reservoir rocks of the basin. These analyses ate shown on Plate 2 and are 
listed by formation and averaged i n  Table 2 .  They are wide ly  s c a t t e r e d  
across the b a s i n  and are far too few in number t o  make thorough conclusions 
about the reservoir potent ia l  in the basin. However, from limited 
diagenesis studies (Burns and Ethridge, 1979; Ryyberg, 1984;  Chan, 1985) and 
cursory f i e l d  and w e l l  measurements of poroaity and permeability (Newton, 
198O), the reservoir potential of most Coast Range Paleocene to upper 
Eocene units and Upper Jurassic-Lower Cretaceous units ( e  .g. , Myrtle Group) 
of the northern Klamaths appears to be generally low with some exceptions. 
The low porosity and permeability can be a t t r ibuted  t o  extensive post- 
burial diageneeis which formed pore-filling cements and clay minerals 
through chemical alteration of the unstable volcanolithic, micaceous 
quartao-feldspathic and l i t h i c  (metamorphic de tr i tus-r ich)  graywacke 
sandstones. 

Porosities are highest in fine- t o  coarse-grained micaceous 
fe ldspathic- l i thic  sandstones of the Flouxnoy Famation I range 1.8 t o  
38.22, av. 17 . T %  for 14 samp1es)ZTable 2). Porosities in the other un i t s  
from highest  t o  lowest are:  Roaebusg fine-grained turbkdite  sandstones: 
13.32 for 9 samples; Lookingglass: 7 .O% (only 1 sample) ; Myrtle Group 
graywackes: 6.7% for 12 samples (range 4.3 t o  1 2 . 9 % ) .  No data are 
available for the Bateman and EIkton formations. 

Permeabilities are h i g h e s t  in  the Flournoy Formation (range 0 . 1 7  to 
154.0 a d ;  av. 34.9 ad for 12 samples). The next moat permeable units are 
Roseburg Formation: range 15.6 to 53.4 md; av. 33 .8  md for 3 samples; 
Myrtle Group: range 0.03 to 90.0 md; av. 8.1 d f o r  12 samphes. No 
permeability data are available for the Lookingglase , Elkton, or Bateman 
sands tones. 

Generally, the units with the highest porosity also have the highest 
permeability although there are exceptions l Table 2 )  . 

In studying outcrop samples of Tyee and Flousney micaceous f e ldspa th i c  
and li t h i c  sands tones in thin see t ionr scanning electron microscope ( SEM) , 
and microprobe, Chan (1985) reported that major reduction o f  primary 
intergranular petosity has occurred through: ( 2 )  s m e  compac tibn o f  duet ile 
grains such a8 micas; ( 2 )  chemical alteration and compaction of "sof ter"  
volcanic grains t o  form clayey pseudomatrix; ( 3 )  precipitation of 
smectite/chlorite clay rim cements in primary interparticle pores and pore 
throats, ( 4 )  filling much of the remaining interparticle pore space with 
z e o l i t e s  ( laumontite and heulandite/clinoptil~lite) ; and ( 53 local early 
calcite concretions folLowed by breaking of c lay  rim cements during 
continued compaction and final formation of late-stage calcite cement. 

Burns and Ethridge (1 97 9) also described similar e x t e n s i v e  alteration 
and cementation in the Paleocene Roseburg lirhic aandstones and in the 
Loakingglass and Flournoy sandstones. In addition, they discovered minor 
iron oxide cement and some late-stage pore-filling quartz and radiating 
chlorite cements in these largely l i t h i c  sandstones. Burns and Ethridge 
suggest that zeolites are more abundant in the Roseburg sandstones. 



Chan (1985) found that secondary porosity, developed from 
dissolution of c a l c i c  pa lg ioc lase ,  i s  rare and that d i f f e r e n t  facies within 
the middle Eocene Flournoy and Tyee Soma tions have undergone varied 
diagenet ic his tor ies .  For example, outer fan fine-grained turb id i re s  tend 
t o  be more enriched i n  clay matrix whereas "cleanertq and coarser grained 
delta-shelf and inner fan sandgtones are better cemented with zeolites, 
mixed layer chlorite/emectite clays, and calcite (in the form of larger 
concretions) . These s tud iea  are from limited sampling of outcrops. 
Subsurface samples have not been s t u d i e d *  

Theae diagenet ic  studies and quantitative analyses of porosity and 
permeability are roo few in number and too w i d e l y  spaced t o  be necessarily 
diagnostic of the reservoir potent ia l  of all 10,000 to 15 ,000  E t  of lower 
Tertiary strata in  the baain*  

In reconnaissance examinat ion of ourcrops , most potent ia l  reservoir 
units in the  Tyee Basin  appear to b e  well-indurated and r ight ly  cemented. 
For example, deep-marine, polymict  eonglameratee of the Roseburg Formation, 
micaceous f e ldspath ic  l i t h i c  eurb id i t e  sandstone (sandy submarine fan and 
turbidi te  trench deposits) of the Tyee and Flournay formations (un i t s  Tefg 
and 'ktb), and polymict conglomerates of the Bushnell Rock Member ( a  fan 
delta o f  the Lookingglass Formation) (Ryberg , 1984; Kugler , 197 9 )  appear to  
have more limited reservoir potential  (Bill Seely, Mobil O i l  Corp. 1989 ,  
peraonal communication; Terry Mitchell, Amoco, 1985, personal 
communication) . However, a more permeable, previously unreported de l ta ic (  ?) 
t o  shelfal(?)  sequence i n  Roseburg strata that occurs immediateLy south of 
the  Sutherlin well ( 5 .  25 S . ,  X. 4 W .) was a target of exploration in that 
well {Bill Seely , Mobil O i l  Corp., 1989, personal communication) . Other 
such facies  may exis t  in the basin. Ongoing f i e l d  s tudies  by DOGAMX (e.g., 
Black), 1. Ryu, and A. Wiem have generally suggested that potential f r i a b l e  
"permeable" sands tones are best deveLoped i n  the s h e l f  a l d e l t a i c  fac ies  and 
more quartto-Eeldspathic u n i t s  such as the coal-bearing White Tail Ridge 
Member of the Flournoy Forma tion (unit Tef , the arkosic-quar tzo- 
f e l d s p a t h i c  southern facies of the Tyee ( u n i t  T e t a )  , and the  coarse-grained 
quartzose distributary channel sandstanea in the Olalla Creek Member of the 
Lookingglass Formation (unit  Te13) and Bushnell Rock coal-bearing sands tone 
facies near Remote. The del ta ic  and shelf sandstones of the Tyee, 
Flournoy , and Lookingglass ( eag.  , Olalla Creek Member) are concentrated in 
the southern part of the baain;  rhese units r a p i d l y  wedge our, are 
erosionally cut out, or undergo rapid facies change t o  slope mudstones and 
thick deep-marine wel l - indurated turbidite  fan or ramp sandstone fac ies  to  
the north (cross  section A-A', P l a t e  3 )  ( ~ e l l e r  and Dickinson,  1985; Chan 
and Dott , 1983)CFig. 4 ) .  Some f r i a b l e  porous sandstones in these units in 
Camas Valley and along Oregon Highway 42 i n  T. 29  and 30 S., R. 8 and 9 W .  
should be studied further (Niem observation; B i l l  Seely, 1989, personal 
communication; Jerry Black, personal communication, 1989; Paul Ryberg, 
personal c m u n i c a t i o n ,  1989) . 

Other than izhe Upper Jurassic-Lower Cretaceous Myrtle Group (Days 
Creek and Riddle formations o f  the Snow Camp terrane), there is a lack of 
measurements of poros i ty  and permeability for  the Jurassic-Cretaceous 
f e ldsparhic  li th ic  sandstones, conglomerates, and turbid i t e  sands tones 
( e m g . ,  the Dothan or Sixes River terrane). Thin section descriptions of 
rhese units indicate that i n  add i t  ion to  being intensely deformed 



( i s o c l i n a l l y  folded and faulted), extensive cementation and diagenetic 
alteration severely limits the reservoir potential o f  these turb idite units 
(Hicks, 1964; CorneLL, 1971;  M.C. Blake, 1989, USGS, personal 
communication). There a r e ,  however, some loca l  blocks of unnamed clean, 
friable arkosic micaceous to pebbLy cross-bedded sands tone (Upper 
Cretaceous, Paleocene, or Eocene, unit lK on Plate 1 )  on top of the S i x e s  
River terrane (as at Hoover Hill; Peterson, 1957)  at  the southern margin of 
the Tyee Basin and tectonically adjacent to lower Eocene Roseburg strata 
(northeast of Myrtle Poin t  in T. 29 S. ,  R. 12 B.). Hew mapping may show 
that this lower Tertiary-Cretaceous(?) sandstone is more widespread and 
could act aa a reservoir. Deciphering t h e  distribution, age, and tectonic 
position o f  this Tertiary-Cretaceous arkosic micaceous ssndtone is 
important to future reservoir assessment of th i s  b a s i n .  

Experience in other convergent margin basif is  (e.g. ,  California) shows 
that  commercial, quantities of gas can be produced from apparently tightly 
cemented l i t h i c  graywackes and quarteo-feldspathic sandstones sueh as these 
Paleocene to Eocene and Upper Jurassic-Lower Cse taceous sands tones (Myrtle 
Group) . In addit ion,  secondary fracture porosity, produced by tectonism 
particularly on thrust related structures (aueh as in crests of fault- 
propagation antic linal fo lds)  , could localPy produce fractured and jointed 
reservoirs i n  these lower to middle Eocene sandstones that have sueh low 
primary porosity and permeability in hand specimen. For example, a 
reservoir in highly fractured but normally t ighrly  cemented Eocene shelf 
limestones is producing commercial quantities of oil in the Durnal Field of 
Pakistan (Potwar Plateau) i n  a fault-bend fold below a surface syncline in 
the convergent margin setting of the Himalayas (Jaswal, 1989, personal 
communication). 

There is definitely need for  longer term f i e l d  mapping of potential 
sandstone f a c i e s  (members), analysis of fractures and joints related t o  
structures, systematic outcrop sampling for porosity and permeability i n  
the different facies of the Cretaceous and Paleocene to Eocene fomat iona ,  
and microscopic analysis of sands tone diageneeia and eLectrie log analysis 
of porosity and permeability in the existing wells. The few outcrop samples 
collected by Chan (1985) and by Burns and Ethridge ( 1 9 7 9 3  may nat be 
e n t i r e l y  representative due to deep surf ace weathering ef f e c t a  . 
CAP ROCKS AND SEALS 

Many overlying andlor up-dip faulted thick mudstone members could act  
as s e a l  or cap rock to these potential Eocene sandstone reservoirs. The 
very t h i c k  ( >3,000 f t) Tenmile Member ( u n i t  Te12) , thinner Camas Valley 
Member (unit Tef2) ,  and Hubbard Creek Member (unit T e e 2 )  could be seals  to 
the d e l t a i c  sandstone members (i.e., Bushnell Rock Member, White Tail Ridge 
Member, Tyee Mountain Member) in the Lookingglass, Flournoy, and Tyee 
formations, respectively (Plate 3) . In the Roseburg Formation, slope and 
basin mudstone facies ('Per4) updip  from turbidite sandstones could a l so  act 
a s  seals (Plates 1 and 3). In addition, some sandstones (particularly in 
the tuxbid ire  fan facies of she Tyee and Flournoy formetions) appear to be 
very right due to extensive clay rim and zea l i ee  pore-clogging cements. 
For example, outer fan sandstones of the Tyee Formation have very poor 
yield of groundwater (dry to < 5 gpm) w e s t  of Corvallis (Penoyer and Niem, 
1975)  ; they could ac t  as a seal. Ovarthrus ted  Klamath terranes such as the 



melanged mudstone of the Sixes River tersane {unit KJsl and possibly Dorhan 
Formation (KJd) P l a t e  1 and croes sections A-A" and D-D' on Plate 3)  could 
also  a c t  as seals and source beds at  depth. 

STRUCTURAL TRAPS REGIONAL STRUCTURE 

Structural and atrstigraphic traps abound in the basin. There are 
numerous u n t e s t e d  anticlines and f ault-bounded blocks  within the bas in  that 
could act as structural traps (Plates 1 and 2 ) .  Howevers some dry well8 
( e .g . , nos. 3 ,  6 ,  7 , and 8 on Place 1) have been drilled on top of or near 
these anticlinal or f a u l t e d  structures. This compilation, using a t t i t u d e s  
from numerous sources, aerial photographic analys is ,  and preliminary study 
of  seismic lines has tentatively recognized additional northeast and 
northwest trending faults (on Plate 1 labeled A where interpreted from 
a e r i a l  photographs and AS where interpreted from aerial  photographs and 
study of se i smic  lines) and folds rhat should receive f u r t h e r  f i e l d  
investigation. Preliminary reconnaissance in the Tyee, Plournoy , and 
Roseburg suggests that some of these faulrs may have some oblique s l i p .  
Conjugate oblique-slip f a u l t s  with subhor izontal  s l iekensides are abundant 
throughout the central. Coast Range ( Snavsly and others, 1976a, 1976b, 
1 9 7 6 ~ ) ~  in the Tillamook area (Wells and others, 1983) ,  and in the Aetoria 
Basin (Niem and Niam, 19851 as well as in southwestern Washington {Wells, 
1981, 1989). For example, this compilation and Duel1 (1957) show faults 
with a component of left-lateral strike-slip t h a t  offset the  a x i s  of the 
north-south trending Coast Range synclinal ax is  in the Eden Ridge coal 
f i e l d  area (Plate 1 ) .  Subhorizontal slickensides are well preserved in a 
basalt quarry on the north side of Oregon Highway 42 about 2 miles west  of 
Bridge, Oregon (T. 29 S . ,  R. 12 W.). 

The major transcurrent structures in the southern part  of  the map area 
are the east-west Canyonville and Wild  Life S a f a r i  faulrs and possibly the 
Coquille River-Powers Fault (Dil ler,  1898; Perttu,  1976; Ryberg , 1984; Ramp 
and Maring, 1986). The Wildlife Safari Faulr separates the early Tertiary 
(Paleocene to lower Eocene) subduction zone-submarine fan sequence 
(Roseburg Formation, Ter, and Roseburg Volcanics, Tev) on the north from 
the Mesozoic terranes of the Rlamath Mountaina an t h e  south (Baldwin, 1974; 
Ryberg, 1984; Carayon, 1984). Presumably this fault was initiated during 
ob lique convergence of the Eocene Coast Range trench sediments and ~ c e a n i c  
seamount province with the North American continental plate, represented by 
the northern Klamath terranes. This oblique-slip reverse f a u l t  has an 
es timsted 5 km of right- lateral  separation (Ryberg, 1984) . Carayon ( 1984) 
suggested rhat the northeastern segment of this f a u l t  ray be an underehrust 
boundary with the overlying Upper Cretaceous Sixes River melange of the 
Klamath Mountains (Plates 1 and 3 ) .  

The nearly east-west Canyonville Fault Zone (transcurrent) o f f s e t s  
various Ere taceous and Jurassic tec tonostrat igraphic  terranes of the 
Klamath Mountains (Blake, 1984; Fig. 1 on P l a t e  I ) .  Ryberg ( 1 9 8 4 )  
estimated 30 ka of right-Lateral motion. The 1 km wide fault zone contains 
sheared serpenrinite (unit sp) and s l ivers  of R i d d l e  Formation and other 
Snow Camp tewrane socks. Latest motion on this f a u l t  may have involved 
members of the Lookingglase and Flouraoy formations before deposition of 
t h e  deltaic  facies of the m i d d l e  Eocene Tyee Formation (unit T e t  ) . The 
f a u l t  may have been s u f f i c i e n t l y  active in the early Eocene to produce 
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Fig. 6 Deparecronic s e t t i n g  of Eocene rack units in southern Tyee Basin 
( from HelPer and Ryberg , 1983) . L i t h i c  Roseburg and Lookingglass 
formations were deposited in the subdue tion zone; atkoaie Tyee and 
Bateman deltas  were deposi~ed in the subsequent f orearc bas in .  



scarpa in the Klamaeh Mountains which could have been point sources during 
syntectonic deposition of the Lookingglass Ce.g. , fan deltas of the 
Bushnell Rock Piember) (Perttu, 1976; Heller and Ryberg, 1983; Ryberg, 1984; 
Kugler , 1979) ( F i g .  6A) . 

Ryberg (1984)  , Baldwin and Hesa (1971) , and Ahmad ( 1981) report: that 
the north-south-trending Coquilla River-Powers Fault displays mainly 
reverse separation with as much as 1500 m of offset, uplifting Klamath 
terranes on the west  a g a i n s t  Tyec-Flournoy and Lookingglass strats on the 
east. It may be related ro a major right-lateral northwest-trending fault 
i n  the Coaledo Basin that can be extended into the southwestern Tyee Basin 
in T. 28 S. ,  R. 12 W., offsetting Roseburg baaalts  against Roseburg strata 
(Baldwin, 1974) and may extend offahote as the Fulmar Fault (SnaveLy, 1 9 8 9 ,  
personal coannunicazion) . 

Other major structural features in the southern part  of  the basin 
include northeas t-~outhwes t striking imbricate thrust Eaul ts and high-angfe 
reverse faults (e .g. ,  Bonanza Fault Zone, Ilesron Fault) that involve 
PaLeocene to lower Eocene Roseburg basalts  and various subparallel 
northeast-southwest trending f o l d s  ( e  . g . r  Oakland ant ic l ine ,  Calapooya 
syncline, Red Hill-Dickinson Mountain an ticline, Drain anticline, Jack 
Creek anticline, Hardscrabble Creek syncl ine ,  and Yoncal l a  syncl ine)  
(Hoover, 1963; Ealdwin and Perttu, 1980). The in tens i ty  of imbricate 
thrust faulting and asymmetrical folding increases toward the Wi ld l i f e  
Safari  Fault with broad, more open anticlines cared by Roaeburg b a s a l t  and 
synclines to the northwest (cross section B-B', Plate  3 ) .  Fault vergence 
is  to  the northwest. Mobil Oil Corporation drilled the core of one of 
these anticlines (Sutherlin Unit  No. I )  in 1977. These thrust and high- 
angle reverse fault zones are significant because many gas and oil seeps 
( e m g . ,  along the Reston Fault) appear t o  be associated with these 
srsucrures (Plate 23 . 

The imbricate thrust boundary and strike-slip Eaul ts of the southern 
Tyee Baain have been interpreted as a collision boundary or suture zone 
between the obl iquely  underthrus ted Sile tz River oceanic crust  (Farallon 
and Kula plates; represented by t h e  Roseburg and Lookingglass formations) 
and the Klamath Mountains hinterland (North American 1 Beller and 
Ryberg , 1983; Ryberg , 1984;  Carayon, 1984) ( F i g .  6A) . Suturing occurred in 
the early middle  Eocene prior t o  Tyee-Flournoy Eorearc deposition (Bukry 
and Snavely, 19883 The overall pattern of f a u l t  s p l a y s  suggested to 
Ryberg 11984) that some right-lateral str ike-slip motion may a l s o  have 
occurred on the Bonanza Fault as a result of this oblique underthrusting 
event.  This thrust  fau l t ing  i s  camplex, with local  back thrusts and 
isoclinal. folding of thin-bedded Roseburg strata as seen along the Umpqua 
River in T. 26 S., R. 6 W. 'Phe early  Tertiary thrust faults in the 
southeastern part of the Tyee Basin are unconformably overlain by Flournoy 
Formation and upper Eocene tuffs  and flows of the western Cascades 
calcaZkaline volcanic arc (e.g.,  Fisher Formation, unit TcE and L i t t l e  
Butte Volcanics (unit TPb, Place I). Less deformed middle  Eocene 
s i l i c i c l a s t i c  d e l t a i c  and t u r b i d  ite strata o f  the Flournoy , Tyee , Blkron, 
and Bateman formations occupy most o f  the central and northern parts  o f  the 
map (Plate 1). 

Preliminary study of seismic lines in the central and northern part of 
the map area suggests that many o f  the thrusts and the volcanic-basement- 



cored folds extend beneath the relat ively  undeformed foreare s tra ta  of  the 
Flournoy-Tyee formations (Pete Hales, Weyerhaeuser, 1989, personal 
communication)(cross sections A-A' and C-C', Plate 3 ) .  Seismically, some 
of the f a u l t  zones i n  the subsurface appear to form fault-propagation 
folds. In addition, t i p  points and t r iang l e  zones as described by Jones 
( 1982) and passive roof thrusts and near-surface synclinal sag atruc tures 
are recognizable (Suppe, 1985; Pennock and others, 1989) (Plate 3 ,  crose 
section A-A'). Some faults related to these structures may come ro the 
surface i n  the W i l l i a m s  Canyon area. On the Porwar Plateau of Pakistan, 
normally tightly cemented sedimentary sequences produce petroleum from 
highly frsctured fault-propagation antielinal folded re~ervoisa  associated 
wich former act ive  f loor  thrusts beneath sgnclinally folaed passive roof 
thrusts (Jaswal,  1989, Oil and Gas Development Corporation, Pakistan,  
personal communication) . Fault-propagat ion folds have aLse been recognized 
in multichannel seismic profile0 on #he central Oregon continental  s h e l f  
( Snavely , personal connmrnicarion, 1 9 8 9 ) .  

The northeast-southwest trending thrusts and high-angle reverse f a u l t s  
i n  the Roseburg submarine fan srrata and volcanics in the eouthwesrern part 
of the basin in the Remote-Coquille area are probably the exposed 
continuation of the Bonanza, Reston, and other northeast-southwest trending 
faults and basement-cored folds. However, many of these faults juxtapose 
Middle and Upper Cretaceous Sixes River melange and broken formation and 
serpentinite against Paleocene t o  lower Eocene Roseburg volcanics and 
turbidite fan strata (cross section D-D', P l a t e  31 * Baldwin and Beaulieu 
(1973) and Baldwin (19741 o r i g i n a l l y  interpreted  these fau l t s  a s  high-angle 
reverse and normal, and some thrust faults in which Roseburg strata and 
volcanics form the upper block or hanging w a l l  and the Sixes River terrane 
(formerly Otter  Point Formation of Dott, 1971) forms the uplifted lower 
block or foot wall. An alternative explanation i a  t h a t  much of the  
Cretaceous Sixes River terrane (KJs) forms a major overthrugt sheel: ( o r  
nappe) with serpent in i  te over Roseburg strata and volcanics (cross section 
D-D', Plate 3). Subsequent uplift and erosion have l e f t  klippen a £  Sixes  
River melange ( i .e. ,  blocks of b l u e s c h i r  t and greenstone) over Eocene 
Roseburg s t r a t a  and volcanics i n  t h i s  area. 

A similar explanation was f irst  proposed and mapped by Carayon (19845 
and Carayon and ochers (1  984) i n  the Buahnell Rock-Reston area (T* 29 S. , 
R.  7 W. )  where ahe showed an overthrust relationship north of the  Wi ld l i f e  
Safari Fault wirh  a small k l i p p e  of pre-Tertiary Sixes River tectonic 
melange IKJS) thrust over Roseburg s trate (plate I ) .  Baldwin's (1984) 
a l t e r n a t i v e  explanation far the geologic relationships i n  t h i s  poorly 
exposed area is that exposed exotic boulders of pre-Tertiary strata, 
blueschist, and greenstone are small o l i s tos troaa l  blocks t h a t  s l i d  or 
slumped into the Roseburg f l y s c h  basin during the Eocene from u p l i f t e d  
Klama~h terranes  to  the south.  Some channel-shaped olistostron?al d e p o s i t s  
with ~ X Q C ~ C  pre-Tertiary blocks near Agness are i n  mud matrix support and 
may b e  d e b r i a  flow deposits in a submarine canyon head in the Lookingglass 
Formation (Ryberg, 1984) . Ryberg found t h a t  aome o f  the t ec ton ic  melange 
wedge8 with exot ic  blocks of b lueschis t and disrupted Mesozoic rocks, 
formerly mapped a s  pre-Tertiary Otter Point  melange by Baldwin and Beaulieu 
(1973), also contain blocks o f  mudsrone wirh Paleocene microfoss i l s ,  
suggesting that  the tectonic melange formed i n  the latest Cretaceous to  
early Tertiary. 



South of the Wildlife Safari Fault, Carayon (1984) showed t h i s  
Cre taceoua melange and broken formation (Sixes  River terraner thrust over 
Roseburg strata. Carayon (19843 was the  f irs t  t o  map in d e t a i l  the 
overthrusting of Snow Camp terrane ophiolite over the Sixea River terrane* 
On Plate 1 ,  we have extended t h i s  pattern to include poas ib l e  klippen of 
Lower Cretaceous Days Creek. and Riddle formations and Jurassic o p h i o l i t e  
sequences on the  Upper Cse taceous Sixes River terrane, following Blake's 
(1984)  general pattern. Earlier mapping (e .g . ,  by Cornell, 1971, and 
Hicks, 1964) interpered these as depoei tioaal relationships andlor high- 
angle normal and reverse fau l t ing .  Additional f i e l d  study is needed t o  
clarify these relationships. 

Therefore, the underthrust early Tertiary Roseburg errata may extend 
beneath the Klamath terranes (cross sections A-A' and D-D' on Plate 3) and 
may have important implications for oil and gas exploration. For exmple, 
thermally inrmature Roseburg s rrara when deeply underthrus ted could have 
been matured and fractured. An exploration etrategy could d r i l l  through 
the upper Sixes River thrust p la te  (or nappe) ,  i f  it is thin, into the 
Paleocene-Eocene Roseburg s erara and the unnamed Tertiary-pze-Tertiary 
sandstones below. This concept of Sixes  River terrane thrust over 
Paleocene-lower Eocene uni ts  i s  cons i s tent  with oblique subduction and 
accretion of Eocene strata beneath the North American continent during the 
early middle Eocene ( F i g .  6 A I .  

A LITHOPROBE geophysical, study by Cloves and others (19871 and other 
studies (e .g . ,  Snavely and Wagner, 1981; Snavely, 1987) have shown that 
early Tertiary Roseburg-equivalent Crescent Basalt and early Tertiary 
turbidice core rocks of the Olympic Mountains were also partly underplated 
beneath the leading edge of the North American p l a t e  represented by 
Vancouver Island (also composed of Mesozoic igneous and sedimentary 
accteted terranes) at the northern end of the Oregon-Washington marginal 
basin during the early Tertiary. The idea of northwes tward and westward 
overthrusting of  the Sixes River terrane i n  the early Tertiary is  also 
consistent with the earlier northwestward and westward overthrusting of 
nappes of other Klamath Mountain terranes (such as the Elk subterrane over 
the Sixea River, Snow Camp rerrane over Sixes River, and Yol la  Bolly 
terrane over the Snow Camp terrane)(cross sections A-A' and D-D', Plate  3 ) .  
The complex overthrusting of various Klamath Mountain terranes has been 
suggested Coleman (1  9 7 2 )  , Dot t 11 971) , Carayon (1 984) , Blake C 1984) , Blake 
and others 11985) ,  Roure and others 119861, and Roure and Blanchet (1983). 
The northeast-southwest striking and north-south trending everthrust and 
transcurrent faults on Plate 1 formed as older farearc terranes, 
calcalkaline arcs, and ophiolite sequences were accreted in the late 
Jurassic, early Cretaceous, Lare Cretaceous, and l a t e  middle Eocene 
(Carayon, 1984; Roure and others, 1986; Rnure and Blanchet ,  1983). Ryberg 
( 1984) presents an alrernative structural interpretation with cross 
sections in which lower Eocene Roseburg s trata  and thickened buoyant 
Raseburg oceanic c r u s t  does not extend beneath the Sixes River terrane but 
rather are abruptly terminated by the oblique-slip Wild1 if e Safari Paul t . 
Lf the  reader prefers the Ryberg model, then there are no lower Eocene 
Roseburg strata a8 a target for exploration beneath the Sixes  River terrane 
w i t h i n  a reasonable drilling d e p t h .  The exact  nature of the suture zone 
between the Rosebusg Formatian of the southern Tyee Baakn and t h e  nor the rn  
Klamath Mountains w i l l  be the subject of  f i e l d  and geophysical 
investigations by the U . S .  Geological Survey (R. Wells and M. C. B l a k e ,  
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1989, personal communications>, by DOGAMf, and by the University of Oregon 
and Oregon Stare University. 

Soon after accretion of the Roaeburg volcanics  and fan strata in the 
ear ly  midd le  Eocene, the subduction zone was re-established along the 
present continental slope and outer shelf, end middle Eocene Tyee-Flournoy 
farearc strata were depos i ted  in the Tree Bagin ( ~ e l l e r  and Ryberg, 1983; 
Ryberg, 1984)(Fig. 7 ) .  In the late middle Miocene to the present, renewed 
underthrusting and subduction of the Juan de Fuca plate beneath the North 
American p la te  (now represented by the accreted Oregon and Washington 
forearc basin and Olympic Mountains Woh melange of Rau , 1973, and Tabor and 
Cady, 1978) created east-west compression and produced the  broad, open 
north-south trending folds and faults i n  the Flournoy and Tyee Curbidites 
and Elkton Formation in the northwestern part of the map area and in the 
adjacent upper Eocene Coaledo Basin (Newton, 1980; Snavely, 1987; Wells and 
others, 1984; Niem and N i e m ,  1984; Niem and others, in press) . Some of 
these folds and fault blocks  have been d r i l l e d  (e-g* , General Petroleum 
Song Bell No. 1, Florida Exploration Well 1-4, Northwest Exploration Sawyer 
Rapids). On t h i s  compilation the trends of the broad fold axes in the 
Tyee-Plournoy strata appear to change orientation from northeast to 
northerly probably ref lee ting the in£ hence a£ late middle Miocene 
reactivation of older structures in the undesly ing subdue  ion zone-trench 
fan sequence of the Roseburg Formation and volcanics  i n  the southeastern 
part  of the map. From the pattern of strikes and d i p s  and from preliminary 
study of seismic reflection lines, it appears that some older structures 
have been reactivated as high-angle faults up into the younger strata (for 
example, in the Williams Canyon area, T. 26 a d  27 S . ,  R. 9 W . ;  cross 
section A-A', P l a t e  3 ) .  These folds and f a u l t  blacks may be additional. 
structural targets for exploration. 

On the geologic map of western Oregon, Wells and Peck (1961) ghowed 
a broad north-trending synclinal a x i s  in the  Tyee Basin forearc strata, 
roughly b i a e c t i n g  the middle  Eocene Bateman and EPkton formations. This 
compilation con£ irms that broad outcrop pattern (Plate  1 ; cross section C- 
C', PLate 3 )  . However, many smaller reactivated basement structures have 
gently deformed the younger Elkton and Bateman strata into northeast- and 
north-trend kng folds (Plate 1) . This preliminary study suggests that  
numerous s m a l l  fau l t s  have disrupted the Tyee, ELtron, and Bareman strata 
in to  small fault blocks  with many opposing attitudes (Plate 1) such that no 
s ing le  major north-south fold axis can be drawn through the area. 

A similarly complex fault p a t t e r n  is present i n  northwestern Oregon 
(Niern and Niem, 1985; Wells and oehers, 1983) and in the central Coast 
Range ( Snavely and others, 1976a, 1976b, 1 9 7 6 ~ )  . These small faul t-bounded 
blocks have created many structural traps  in the Mist Gas Field i n  
northnes tern Oregon (ALger,  1985; Bruar and others ,  1984) . Only detailed 
mapping in the Tyee-Flournoy, Bateman, and older strata will determine if 
this intense late middle Miocene fault pattern e x i s t s  i n  the southern Tyee 
Basin as well. 



STMTIGRAPHIC TRAPS 

Stratigraphic traps may occur in t h e  Tyee Basin by northward pinch out 
QE conglomeratic  and sandstone f ac ies  to deep-marine mudstone facies and by 
channelized sandstone and conglomerate geometries. There seems t o  be some 
control of the depositional facies by the Roseburg Volcanics and by 
t e c t o n i c s  (Perttu  and Benson, 1980). Piate 1 shows the different submarine 
fan facies of the lowex Eocene Roseburg Formation Terfe43 generalized from 
Ryberg (1984).  The Roseburg Formation is thought to represent an early 
Eocene trench f i l l  and subduction complex (Fig. 6AI . Thick amalgamated 
inner fan turbidite sandstones and conglomerates and thick-bedded middle 
fan channelized facies grade northward t o  deep-marine, largely very thin- 
bedded outer fan turbidite sandstones and thick bas inal  mudstone f a c i e s  i n  
the northeastern part of the baain. This wedge of overlapping fans  ( a  
former trench fill) rapidly thins against thin-bedded Paleocene-lower 
Eocene slope and basin mudstone (Ter4) deposited on older highs 
(seamounts?) of  Roseburg basa l t  north of the Bonanza Fault Zone (Seely, 
1989, personal connnunication) and the Red Hill-Dickinson Mountain anticline 
(cross section B-B', Plate 3)(Fig. 6 A ) .  These deep-water mudsronea are 
exposed on the flanks o f  the Drain and Jack Creek antic l ines  (Hoover, 
1963) , are thicker in wells  in the nor thern  part  o f  the map area, and thin 
over a Roseburg high i n  Amocca'e 3-1 and F - l  wells (Pete Hales, 1989, 
personal  comraunication) (cross sections A-A' and B-B' , Plate 3) . In 
addition, Perttu and Benson (1980) measured paleocurrent indicators that  
show d e f l e c t i o n  of flow around the highs,  suggesting that  the folds were 
growing as the sediments were being d e p o s i t e d  and accreted i n  the early  
Eocene. Therefore, subsurface pinchours of the lower Eocene strata over 
old highs are possible. The synorogenic Lookingglass Formation displays a 
number of facies ranging from coarse conglomerate fan deltas a f  the 
Bushnell Rock Member ro the thick s l o p e  mudtone and thin turbidi te  
sandstones (Fig. 6A) of the Tenmile Member ( a  possible seal) t o  the thick 
"permeab let' she l f  and thinner deltaic coal-bearing sands tones of the Olalla 
Creek Member and Bushnell  Rock Member near Remote (Rugler, 19793. The 
deltaic and fan d e l t a  units rapidly thin and wedge out to the north and 
northwest i n  outcrop and in the subsurface ( P l a t e a  1 and 3, cross  section 
A-A') 

The forearc Tyee and Flournoy formations which unconformably overlie 
both the Klamath Mountain terranea and southern C o a s t  Range Roseburg and 
Lookingglass aera ta have been b r o a d l y  subdivided i n t o  several  facies , 
including a delta-shelf f a c i e s  at the south, s lope  channels and mudstone, 
inner to  outer tuxbid ire  ramp (Heller and Dickinson, 19851 and/or a sandy 
fan facies to t he  north (Chan and D o t t ,  1983) (Figs. 6B and 7 ) .  It appears 
that  the type Flournoy Formation consists of coal-bearing deltaic clean 
channel and shelf sandstone (White Tail Ridge Member) and the overlying 
thick Camas Valley mudstone ahich c o u l d  a c t  as a sea l  i n  the subsurface. 

Many b iogenic  methane gas seeps and shows in the Melrose area (T. 27 
S., &. 7 W.) appear to be associated with coals in the OLaZla Creek Member 
of the Lookingglass Formation and White Tail Ridge Member of the Flournoy 
Formation. 

In the Camas Valley quadrangle, Baldwin and Perttu ( 1 9 8 9 )  recently 
mapped and defined three members of the  Tyee Formation, the sandstone-rich 
Tyee Mountain Member and the Baughman TAookout Member separated by mudstones 
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Fig. 7 Comparison of depositional models recently proposed for the Tyee- 
FLournog formations of the Tyee Basin. A is the sand-rich 
submarine fan model of Chan and Dort (1983); B is the submarine 
ramp model of Heller and Dickinson ( 1985). 

-EPrIy h u e  Ty=Flournoy m&d for rl~tll sandstoan fn a lime ~ l u r c c  -ding inlo dccp alter to form sand-rich fan 
dtposib. 

-P~lcogtognpYc rrconstructton of southern pert of Oregan Coast Range during Eocene deposition oCTyee Formatlon 
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productive. Many had shows of gas and traces of  o i l  (Olmrtead, 19895) 
(Table  3 a ) .  Several wide ly  spaced wells have been d r i l l e d  i n  the central 
and northern parts  of the map (wells no. 1, 2 ,  3 ,  4 ,  and 5). Depths of 
these wells range from 4,428 f E  to 11,330 Er. The w e l l s  were spudded in  
the midd le  Eocene forearc turb id i t e  fan facies of the Tyee and Flournoy , 
del ta ic  Bateaan , and Elkron elope strata. Many wells bottomed in basement 
highs of Roseburg Yolcanics   ere Hales, 1989, personal communication) 
(cross section C-C', Plate 3 ) .  Three wells (Clark'l~ 'VakPand well. ' '  [no. 
61, Mobil Sutherlin Unit No. 1 [no. 73, and Union Liles No. 1 [no* 81) were 
located on the southwest-plunging axis of the Oakland a n t i c l i n e  (Plates 1 
and 2 ) .  These wella were spudded in more highly deformed Paleocene-lower 
Eocene Roseburg flysch s tra ta  (cross sections B-B' and C-C', Plate 3 ) .  
Yell depthe range from 2,235 f t  to 13,177 f t .  Some wells (egg. ,  Sutherlin 
Unit No. 1) penetrated  thick sequences of Roseburg basalt Icroers section B- 
B', Plate 3 ) .  

A number of o l d e r  shallow dry wells (545 Et t o  3,693 f t )  (nos. 10, 11, 
1 2 ,  13, 14 ,  IS, and 16) were drilled in the early 1900's t o  1950's. More 
recently ( 1 9 8 0 ' ~ )  Hutchins and Marrs drilled Glory Hole 1 ( 2 , 9 8 7  f t) in 
Flournoy Valley near Pfelrose where there is a locus of reports o f  gas and 
oil seeps in water wella and natural seeps ( P l a t e  2 ) .  Many of these wells 
were spudded in the del teic quartzo-feldspathie sands tones and coals  of the 
Lookingglass ( O l a l l a  Creek Member, uni t  T e l  ) and PLournoy (White Tail 
Ridge  Member, U n i t  Te f  ) formations. Although cormercially unsuccessful, 
some wells had shows of gas and traces o f  o i l  (Olmatead, 1989b) (Table  3a). 
Favorable areas for further ex~koration e x i s t  in this area and west  t o  
southwest of t h i s  area (especially west  of the Tyee escarpment; e-g. ,  B. 7 
t o  10 W., T. 30 S . ,  T. 26 S . )  in the thick Tyee-Flournog strata.  The 
stratigraphic target would be potential Oralla  Creek d e l  tait-shelfal and/or 
White Tail Ridge d i s t r i b u t a r y  channel or s h e l f  sandstone reservoir facies  
below (Plate 3 ,  cross sec t ion  A-A') . The overlying Teamile and Camas 
Valley mudstones as well as th ick  TyeeJPlournoy mudstone beds and 
impermeable graywacke sandstone could act as seals 

No wells have been drilled in the southwest part  of the basin except 
no. 17 (Hutchina and Marrs Great Discovery No. 2, 3,510 f r )  south of Oregon 
Highway 42 which spudded i n  OZalla Creek del~aic-shelfal f ac ies. 

The northern and central  parts o f  the southern Tyee Basin appear t o  
have more l i m i t e d  exploration i n t e r e s t  because of the apparent pinch o u t  of 
the cleaner more permeable del ta -she l f  sands tone facies , and thick 
sandstones o f  the Roseburg submarine fan f a c i e s  rapid ly  change to thick 
basinal mudstones (Ter4) to t h e  north (cross sect ion A-A') . However, o i l  
and gas shows reported i n  the basement volcanics  { e.g., Florida Exploration 
wel l )  indicate the possibility of source rocks beneath conventional bas in  
reservoirs that should b e  further investigated. In addition, several shows 
of o i l  and gas were noted in the Northwest Exploration Sawyer Rapids well 
and in  Amoco's Weyerhaeuser F-1 and B-1 w e l l s  (in Flournoy/Tyee turbidi tc  
strata) point ing  our that  the oil and gas  potential of these units can not 
be dismissed. 



Future Studies :  

Twenty widespread wells are not a true test of the o i l  and gaa 
potential of this area, and many potential reservoir sandstone fac i er  need 
t o  be def ined  better both i n  the surface and subsurface ( @ . g a r  electric Log 
characteristics). Structural and stratigraphic traps in the subsusf ace and 
surface ahould be more clearly delineated through surface mapping, seismic, 
gravity and magnetics analysis, and well log analysis. A fence diagram 
through the exploration wells of the southern Tyee Basin i s  now in 
progrese (Niem, Niem, and Ryus in progress), and d e t a i l e d  mapping in the 
Camas Valley area is proceeding C Black , in progress). 

OIL AND NATURAL GAS SEEPS AND SHOWS IN WATER WELLS 

Preliminary study shows that  12 natural gas and o i l  seeps and shows in 
water wells (some with strong flows) and five oil and natural gas eurface 
seeps have been reported in the southern Tyee Basin ( P l a t e  2; Table 3b). 
Undoubtedly, more occur. Most of these seeps occur in the rural populated 
area around MeLrose, Lookingglass, and Edenbowet and in the Flournoy valley 
(T. 26 and 27 S., 8. 6 and 7 W.1. The gas seeps in water wells and in test 
wells issue from the d e l t a i c  OIaLla Creek Member of the LookinggLase 
Formation and the deltaic facies (White Tail Ridge Member) of the Flournoy 
Formation. A few geochemical analyses ( l oca l i t i e s  S4, S S s  5 7 ,  and S13, 
Table 3b) show that these gases are mostly methane (C1)  and have high 
traces of C2 and C3. Negative (deple ted)  carbon i so top ic  values of -68.3 
o/oo for gas in a dry water well northwest o f  Melrose sampled by Alan Niem 
indicate a biogenie origin for the gas (Kvenvolden, 1983, U.S. Geological 
Survey, written cormnunication) (Table 3b). Shallow buried coal beda in 
these members could be the source f o r  t h i s  methane and other gas shows in 
wells, such as those in the Flournoy valley ( e m g . ,  Locality S l l )  . 

P o s s i b l y  as a result  of these natural and water we13 seeps, several 
shallow ail and gas exploration wells were drilled in the Lookingglass, 
FLournoy, and Camas valleys in the early 1900's (P la te  2 and Table 39). 
For example, the Kernin 81 well southeast of Melrose (no. 24 on Plate 2) 
reported had gas shows. This area merits further exploration as well as 
the area beneath the Qee escarpment t o  the west ( i.e., T. 28 afid 2 9  S. , R. 
8 t o  10 H.) where the Plournoy and Loekingglaes formations are more deeply 
bur ied  beneath the Tyee Formation (Plate 3, cross sec t ion  A-A') . Mudstones 
of the Hubbard Creek Member, Camas Valley Member, and Tenmile Member could 
act as seals for these more deeply buried ~trara. 

Not all the seeps are located in the d e l t a i c  u n i t s .  Some gas  seeps 
I e .g. , 52 and S8) and three unconf i m e d  "o i l"  seeps ( e  .g. , S3 and 513) have 
been reported in areas mapped as or underlain by more intensely deformed 
and rhrusted deep-marine Roseburg fan s t r a t a  (Plate 2 ,  Table 3b) . I r  is 
important to  note that several o i l  and gas seeps occur along or between the  
Reston and Bonanza ( thrus t )  f a u l t s  (Plates I and 2, localities S2, S3, S8, 
5 9 ,  and S13) . Same field chromatographic analyses (no record) indicate 
that  a few of these gases are more thermogenic in origin (abundant C2 and 
C3 as well as C1; B i l l  Seely, 1989, Mobil Oil Corp., personal 
communicatien) . The o i l  from the 60-ft deep water well I l o c a l i t y  S13) 
tested as a high gravi ty  o i l  similar t o  Union's Grays River well no. 1 in 
southwestern Washington (Dole, 1953) . Additional source-rock and 



maturation analyaes and f i e l d  work should be conducted i n  the areas around 
these reported seeps, and the existence a£ the seeps should be canfirmed. 

The thermal maturity of the fractured and deformed s t ra ta  adjacent: t o  
seeps should be rested. Frictional heating along f a u l t s  of  the Roseburg 
turbidi te  l i r h i c  sandstone and muds tone beds may have matured these 
generally immature rocks. It is more l i k e l y ,  however, that  the oil and 
"thermogenic" gar Beep8 in the  lower Eocene Roseburg rurbidite strata are 
associated with  seepage up thrusts and o ther  faults from more deeply  busied 
and melanged , partly subduc ted , Paleocene Roseburg turbidire strata. For 
example, Ryberg (1 984) showed i n  a paleogeogsaphic reconstruct  ion older 
Paleocene melange with exot ic  Mesozoic blocks  and slope mudstone 
underthrusted beneath Roseburg and Lookingglass strata. Deeper burial by 
subduction of the turbidire fan s t ra ta  as well as heat a s s o c i a t e d  with 
fr ict ional  shearing and disruption during the melanging procee~ may have 
thermally matured these older s t r a t a .  A similar s i tuat ion  occurs in 
Tertiary rockr of the Olympic Mountains of  northwestern Washington where 
thermally immature middle  Miocene Hah melange contains several natural oil 
and "thermogenicl' gas seeps (e.g.,  Garfield gas mound). Snavely and 
Kvenvolden (1988)  and Snavely (1987) attr ibuted the source of the o i l  and 
thermogenic gas t o  leakage up thrust faults f r o m  alder,  more deeply  buried 
Eocene Ozette melange below. Preliminary analysis oE seismic reflection 
lines suggests that thrust f a u l t s  Bonanza Fault Zone) in the Tyee 
Bas i n  which involve o l d e r  Paleocene-lower Eocene Boseburg strata can be 
traced beneath the middle  Eocene Tyee-Flwrnoy forearc basin sequence 
(Plournoy-Tyee , lareman, and upper Lookingglass formations ; P l a t e  1 ; cross 
section A-A' on Plate 3 ) .  In addition, these deep-seated faults could also 
act as  conduita for o i l  and gas seepage from more deeply subducted and 
matured Raseburg strata and Paleocene or Sixes River melange. For example, 
one "oil" seep ( S 9 )  appears to l i e  along the Reston fault where it cuts t h e  
overlying Lookingglass. The coincidence of f a u l t s  and "seeps" i n  the  Tyee 
Basin should be investigated further. 

Projecting the  Restan and Bonanza fau l t s  i n  Roseburg s t r a t a  beneath 
the Tyee and Flournoy forearc strata also suggests t h a t  further  explaration 
should be  done i n  the Melrose arear in Lookingglass and Flousnoy valleys, 
and w e s t  o f  the  Tyee escarpment ( c r o s s  sec t ion  A-A', Plate 3 ) .  Faulted 
Boseburg strata may be the source for  the many "biogenic" gas and oil seeps 
in the overlying Lookingglass and Ftouxnoy strata near Melrose and i n  the 
Lookingglass and Plournoy va l l eys .  In add ition, folded and thrusted 
"mature" fractured Roaeburg strata may be more deeply gubducted beneath the 
Sixes River melange south of the W i l d l i f e  Safari Fault (cross sect ions  A-A' 
and D-D', Plate 3). The melange itself appears t o  b e  "organic1' black shale 
in the f i e l d  adjacent to and interbedded w i t h  the Sixes River limestone 
b l o c k s  ( e  .g. , Portland cement quarry in T. 28 S. , R. 5 W.)  . The 
maturation, T.O.C., and kerogen type of the melange should be tested i n  
order t o  evaluate the source rock potential of this unit. 

Mob il sampled one gas seep in the Upper Jurassic-Lower Cretaceous 
Myrtle Group south of  Agness in the extreme southwest corner of the map 
area (T. 35 S., R. 12 B.; loca l i ty  S14 on Pla te  2). Little exploration has 
been conducted in these units because they have been s e v e r e l y  deformed. 
Gas shows were reported in the Lower Cretaceous Days Creek sandstone in 
exploration w e l l s  d r i l l e d  i n  the Riddle area ( P l a t e  2 ,  wells no. 1 8  and 
2O)CTable 3b) .  These uni t s  probably occur below the deltaic facies af  t h e  
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Tyee, Flwrnoy,  and Lookingglass formations south of Oregon Highway 42 
(e.g. ,  in T. 31 and 32 S . ,  R. 10 and 11 W,)(cross section D-D', Plate 3 ) .  
The potential of these u n i t s  as source rocks for o i l  and gas should be 
further investigated. 

COAL RESOURCES 

Plate 2 d e p i c t s  the locations of outcrops of coals and cores that have 
encountered coals. Tables 4a, 4b ,  Sc, 4 d ,  and 4e which accompany th i s  
report, list the following information for the coals: geologic formation, 
name of coal seam, data source, c a a l  bed thickness, moisture content, 
percentages of volatile matter and fixed carbon, ash content, sulfur 
content ,  and British thermal u n i t  (I3tu)ll.b vaLues for 62 local i t ies .  The 
values l i s t e d  for each l o c a l i t y  represent either a single sample or an 
average of s e v e r a l  samples. When the value i a  an average, the number of 
samples "n" is  l i s t e d  i n  the Cosranents column. A total of 631 samples were 
analyzed, 

Most coals  are located in the central and southern part of the basin 
( i . e .  , south of 5 .  22 S.) . Coals occur in the d e l t a i c  Eacies of the 
5 e e  (un i t  T e t a ) ,  Flournoy (White Tail  Ridge Member, u n i t  T e f * ) ,  
Lookingglass (0 la l l a  Creek and Bushnell Rock members, u n i t s  Telg and Tell), 
and Bateman (unit Teb} formations. 

The most extensively explored coal f i e l d  i n  the basin occurs in the 
Tyee Formation a t  Eden Ridge i n  the southwest c o m e r  of the map area (T. 32 
S., R. 11 W . ,  P l a t e  2 ) ,  south of Powers in Coos County (Brownfield, 1981; 
Maeon, 1956). The e l l i p t i c a l  shaped coal f i e l d  l i e s  i n  a s l i g h t l y  
asymmetrical syncl inal  fold (Lesher, 1 9 1 4 ) .  The fold axis appears t o  be  
o f f s e t  several hundred feet by three east-west trending l e f t - la tera l  folds 
(Duellr 1957) and/or vert ical  normal f a u l t s  with 80 to 600 feet of throw 
(NERCO, 1981 ; USBLM, 1983). Early field and laboratory studies of the 
Eden Ridge c o a l s  and coals  from the adjacent  Squaw Basin were made by 
DilLer (1898) , Lesher ( 1914) , Campbell. and Clark (1916) , and Daniels 
(1920). 

Coal occurs  i n  four pr inc ipal  beds  called the Lockhart, Car ter ,  
Anderson, and Meyer coals (see Eden Ridge coaL atratigraphy column on P l a t e  
2 ) .  The coals are knterbedded i n  a 1000-ft sequence of sandstone, 
mudstone, and l o c a l  conglomerate.  O f  the four coal seams, only the 
Anderson and Carter are considered to b e  economically important IUSBLM, 
1 9 8 3 ) .  These two seams have been extensively cored (29 cores) and analyzed 
(e .g. ,  Tables 4a and 4b). Numerous outcrop s e c t i o n s  have been measured 
(Lesher, 1914; Duell, 1957 ) .  The coals have Seen mapped on the surface and 
subsurface, and isopach maps have been con~tructed (NERCQ, 1981) .  The 
Anderson bed averages 6 .2  ft thick; t h e  Carter coal  averages 6 . 9  f t  t h i c k ,  
Tatak reserves for the two  coal seams are es t imated  at more than 50 m i l l i o n  
tons ( D u e l l ,  1957;  USBLM, 1983; Table 4 d ) .  Btuj lb  v a l u e s  (moisture f r e e )  
f o r  the Anderson bed range from 3 ,883  to 10,325 (av. 8,443 for 332 samples) 
and from 3,190 t o  9,160 (av. 6,473 for 337 samples) for  the Carter c o a l .  
Average percentages of  v o l a t i l e  matter and f i xed  carbon (F.C.) i n  the t w o  
seams are quite c l o s e  ( T a b l e  4d) These average v a l u e s  for  Btu,  F .  C .  , and 
percentage volatile matter  indicate that these coals range from lignitic to 
subbituminous in rank (Brownf i e l d  , 1981) . Recalculating the coa l  analyses 



ash free produces values for Btu, F.C., and X volatile matter that  are 
considered medium t o  h igh  volatile bituminous C rank (ASTM standards) 
according to Erwin ( 1953) . 

The wide range of Btu values for both the Carter and Anderson coal 
seams appears to  r e f l e c t  rhe variable amount of interlayered bone coal and 
shaly layers in the coal seams (Woomer and others, 1957) Ash, moisture, and 
sulfur contents average 4 5 - 2 2 ,  4.1%, and 0.8% in the Carter coal and 35.O%, 
3 . 7 X ,  and 1.9% in the Anderson coal* Therefore, these coals ere considered 
to  be l o w  moisture, h igh  ash, low sul fur  coa l s  (Table 4d) (Brownf ield, 
1981 1. Lesher ( 1914) suggested that a washing separatory technique could 
be designed t o  remove part  of the ash from the crushed raw coal in order  t o  
upgrade the Btu qual i ty .  

The Lockhart coal seam a t  the top of the sect ion is discontinuous and 
shaly. It ranges from 0 t o  12 ft th ick .  This seam m89 represent 88 much 
as 16 m i l l i o n  tons of  in-place reserves (USBLM, 19831(Table 4 c ) .  No 
analyseg are available for r h i s  seam. The l e a s t  known seam is the  Meyer 
coal zone which occurs a t  the base of the caal-bearing section ( P l a t e  2 ) .  
This coaly layer ranges from 0 to 19 ft thick (USBLM, 1983)(Table 4 c ) .  
Btu/ lb averages 10,385; moisture content is 3.7%; volatile matter is 38.5%; 
fixed carbon is 36.3% ; ash content is 25.3% ; and sulfur i a  1.68%. However, 
because these values are based on only two  samples, the averages may n o t  be 
representative of r h i s  seam which is generally more shaly than the Anderson 
and Carter eoala .  

Other coal seams are reported in the d e l t a i c  facies of the Tyce 
Formation in Squaw Basin (T. 33 S., R. 11 8.1 in the v i c i n i t y  of Bald Knob, 
approximately 2 m i l e s  south of the Eden Ridge c o a l  field {Plate 2 ,  Table 
4e)(Lesher, 1914; Williams, 1914; Wayland, 1964). These coals appear t o  be 
lower i n  the s trat igraphic  section than the coa l s  of Eden Ridge (Erwin, 
1953) and have not been a s  ex t ens ive ly  explored. Analyses of f i v e  
samples indicate that  values o f  B t u l l b  range from 7,670 t o  11,410 (av. 
11,1741, ash content v a r i e s  from 7*2% t o  30.9% (av. 16.55%), and the amount 
of su l fur  ranges from 0.98% to 1.93% ( av. 1.30X) (Table 412) . Way land (1 964) 
and Lesher (19143 reported that the Squaw Basin c o a l s  consist of one or 
p o s s i b l y  two beds c a l l e d  the Donnell coal and the 7-foot  bed. These coa l  
seams are 6 t o  10 feet th ick  (Table  4e) . ~ i l ' l i a m s  (19143 ranked these 
coa l s  as subbituminous and estimated the reserves of the "7-foot vein" at 8 
million eons. The c o a l s  i n  the Tyee Formatian a t  Eden Ridge and possibly 
in the Squaw Basin are a poteneial reserve although min ing  may not be 
economical a t  present Sue to the c o s t  of removing overburden, underground 
mining, transportation distance, and a poss ib l e  mining problem of f looding 
by groundwater (Due l l ,  1957;  Brownf i e l d ,  1981). 

A 2- t o  3 - f t  t h i c k  coal w i t h  several f e e t  of carbonaceous mudstone 
occurs in the d e l t a i c  facies of the Tyee Formation in sock exposures along 
the Coas Bay wagon road, 4 miles east of Sirkum (Baldwin, 1989 ,  personal 
communication) and 31 m i l e s  north of the Eden Ridge coa l  f i e l d  (Locality C- 
11, Plate 2 ) .  Thus, coals  a r e  widespread in the southern deltaic facies of 
the Tyee Formation. 

Trigger (1966) noted 4- to  6-foot th ick  beds of subbituminous c o a l  and 
interbedded carbonaceous shaLes i n  the d e l t a i c  phase a£ the Bushnell Rock 
Member of the Lookingglass Formation in scattered road exposures 
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