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ABSTRACT 

Sequence stratigraphic relationships of Eocene forearc and subduction zone strata 
in the southern Tyee basin of southwestern Oregon record a complex depositional and 
tectonic history in an active convergent margin. Several stratigraphic revisions and new 
members and formations are proposed based on new basinwide lithostratigraphic 
correlations in a fence diagram which was constructed from logs of several exploration 
wells, seismic-reflection profiles, and dozens of measured sections in conjunction with 
recent geologic mapping and biostratigraphic studies (coccoliths and foraminifers). Four 
depositional sequences, separated by sequence boundaries, are recognized in the 25,000-
ft thick section. Syntectonic fan delta, slope, and submarine fan strata of sequence I 
(lower Umpqua Group) represent a partially subducted accretionary wedge deposited in a 
"trench" (Umpqua marginal basin). This marginal basin formed as a result of oblique 
convergence of the North American plate (northern Klamath Mountains) and the Farallon 
plate (Siletz River Volcanics). Wave- and tide-dominated deltas of sequence IT (upper 
Umpqua Group, White Tail Ridge Formation, Camas Valley Formation) filled irregular 
lows and thinned over submarine highs (e.g., Reston high) created by intrabasin, 
imbricate thrust faulting. Farther north, sequences I and ll rapidly thin and onlap oceanic 
basalt islands and seamounts of the older Paleocene to lower Eocene Siletz River 
Volcanics (Umpqua arch) to form a deep-marine condensed section and then thicken 
again northward in the Smith River subbasin in the subswface. These sequences are 
overlain by a tectonism-forced transgressive systems tract (Camas Valley Formation) 
deposited during an onlap caused by tectonic subsidence and clockwise rotation of the 
basin approximately 50 Ma. By middle Eocene, wave- and tide-dominated deltas and 
deep-sea fans of sequences Ill and IV (Tyee, Elkton, Bateman, and Spencer formations) 
prograded northward down the axis of the Tyee forearc basin across the NE-SW 
structural trend of sequences I and n. Periods of deformation and uplift occurred in the 
early-middle and late Eocene and late-middle Miocene-Pliocene as a result of rapid plate 
convergence. 

Organic geochemistry (e.g., Rock -Eval, TOC, TAl, and Ro) indicates that most 
marine mudstone and sandstone units are thermally immature and contain lean, gas-prone 
Type lll kerogen. However, a few nonmarine beds (coals), carbonaceous mudstone, and 
melange units of the adjacent Klamath Mountains are sufficiently organic-rich to be 
sources of biogenic and thermogenic methane discovered in numerous seeps. A 
computer-generated maturation model (BasinMod) predicts that some strata of sequences 
I and ll have been matured in previously more deeply buried areas of the basin. Complex 
diagenesis in the lithic and arkosic sandstones has filled much of the primary porosity 
with zeolite, clay, and quartz cement, thus diminishing the permeability of these potential 
reservoir units. Reservoir-quality porosity, permeability, and some secondary porosity are 
identified in a few delta front and turbidite sandstone units (e.g., White Tail Ridge and 
Spencer formations and Tyee Mountain Member of the Tyee Formation). 

Although the overall hydrocarbon potential of the basin is moderately low, several 
requirements for commercial accumulations of hydrocarbons probably exist together 
locally within and adjacent to the southern Tyee basin. Three petroleum systems are 
identified with five structural and stratigraphic plays. The first petroleum system appears 
near the southern border with the Mesozoic Klamath Mountains and is related to a 
proposed subduction zone maturation mechanism and migration of hydrocarbons along 
thrust faults. Potential reservoir units include members of the White Tail Ridge 
Formation. The seal includes the Camas Valley Formation. The second petroleum system 
is centered in the northern part of the study area and may be associated with 
unconventional plays associated with basin-center gas in overpressured zones in turbidite 
sandstones of the Tyee Mountain Member. The third petroleum system lies near the 
eastern border of the basin where maturation is related to local heating by sills and 



migration of hydrothermal fluids associated with mid-Tertiary volcanism in the Western 
Cascade arc. The Spencer Formation and members of the White Tail Ridge Formation 
represent potential reservoir units. Four structural plays include the Williams River-Burnt 
Ridge anticline, Western Cascades foothills and Bonanza thrust, Tyee Mountain anticline 
play, and anticlinal and subthrust plays in the Myrtle Point-Sutherlin subbasin. Further 
exploration drilling appears warranted. 
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OIL AND GAS POTENTIAL OF THE SOUTHERN TYEE BASIN 
SOUTHERN OREGON COAST RANGE 

by 
In-Chang Ryu, A. R. Niem, and W. A. Niem 

INTRODUCTION 

This study is a culmination of a 5-year 
program to evaluate the oil and natural gas 
potential of the southern Tyee basin (Fig. 1.1). 
Interim reports include a preliminary 
compilation geologic map of the basin (scale 
1:125,000) by Niem and Niem (1990) which 
summarized and made a preliminary 
interpretation of available data on oil, gas, and 
coal resources from industry and state and 
federal agencies. A fence diagram of 24 measured 
sections and 11 exploration wells and an 
accompanying interpretation by Ryu and others 
(1992) used a revised stratigraphy of the basin 
(Fig. 1.2). Details of those two reports will not be 
repeated here; the reader is urged to review those 
publications before reading this report. Those two 
investigations built upon the pioneering work of 
Diller (1898), Baldwin (1974), Baldwin's graduate 
students at the University of Oregon, student 
theses at Oregon State University and Portland 
State University, Molenaar (1985), Chan (1982), 
Heller (1983), Chan and Dott (1983), Ryberg 
(1984), and Heller and Dickinson (1985). 

Other pertinent studies completed during 
this 5-year program include an interpretation of 
sequence stratigraphy of the basin by Ryu and 
Niem (1993, 1994) and by Ryu (1995), a 
sedimentologic study of the Bateman Formation 
by Weatherby (1991), and 25 geologic maps of 
7 .5-minute quadrangles in the Roseburg 30-
minute by 60-minute sheet. These include maps 
of the Reston, Kenyon Mountain, and Remote 
quadrangles by Black (1990; 1994a; 1994b), of the 
Tenmile quadrangle by Wiley and Black (1994), 
of the Camas Valley quadrangle by Black and 
Priest (1993), of the Mount Gurney quadrangle 
by Wiley and others (1994), and of the Dora and 
Sitkum quadrangles by Wiley (1995). Eighteen 
7.5-minute quadrangles in the eastern half of the 
Roseburg sheet will be published by the U.S. 
Geological Survey (J ayko, 1995a, 1995b; J ayko 
and Wells, 1996; Wells, 1996a-i; Wells and 
others, 1996a, 1996b; Wells and Niem, 1996). 
This report should be read with a copy of the 

1 

geologic map of the Tyee basin (1:100,000) by 
Black and others (in prep.). 

In order to better evaluate the oil and gas 
potential of the southern Tyee basin, this 
investigation uses the sequence stratigraphic 
terminology of Van Wagoner and others (1990), 
adapted for the Tyee basin by Ryu and others 
(1992) and Ryu and Niem (1993, 1994). Eocene 
lithostratigraphic units of the Tyee basin (i.e., 
members and formations) are grouped into 
unconformity-bounded depositional sequences of 
related sedimentary facies. Basinward, the 
unconformities become conformable. Each 
depositional sequence consists of lowstand, 
transgressive, and highstand systems tracts. 

In evaluating the oil and gas potential of the 
basin, six topics will be considered. They are: 

(1) Location and geologic setting, Eocene 
stratigraphy, and regional structure; 

(2) Reservoir potential: sandstone 
petrography, diagenesis, and evolution of 
porosity and permeability; 

(3) Source rock and maturation; 
(4) Timing of maturation and burial history; 
(5) Delineation of areas in which these factors 

are optimal for exploration success, 
utilizing the petroleum system and play 
concepts ofMagoon (1988); 

(6) Structural and stratigraphic plays. 

Location and Geologic Setting 

The southern Tyee basin is located in the 
southern Oregon Coast Range and is bounded by 
the northern margin of the Mesozoic Klamath 
Mountains (Fig. 1.1). The Tertiary sequence 
overlaps the tectonic boundary or suture between 
these two terrains. The basin extends 130 miles 
north to the latitude of Salem and Lincoln City 
(Snavely and others, 1964; Chan and Dott, 1983; 
Niem and others, 1992b), but only the southern 
75 miles of the basin are considered in this 
report. It is this part of the basin that has the 



highest potential for oil and gas. Major 
geographic features in the study area are the 
towns of Roseburg, Powers, Myrtle Point, 
Reedsport, and Florence, the Umpqua and 
Coquille rivers, and the Tyee escarpment. Access 
is provided by Interstate 5 0-5) and Oregon 
Highway 42 (OR 42). 

The basin is as much as 55 miles wide and is 
overlapped on the east by upper Eocene to 
Miocene volcanics of the Western Cascade arc 
(Fig. 1.1). The basin is partially bounded on the 
west by upper Eocene to middle Miocene deltaic 
to deep-marine siliciclastics of the Coos Bay 
forearc basin. The southern Tyee basin is a 
composite of two basins; the NE-SW-trending 
early Eocene Umpqua basin and the north-south
trending middle Eocene Tyee forearc basin (Fig. 
1.1). The Umpqua basin is subdivided into two 
subbasins by a NE-SW -trending buried volcanic 
high, named the Umpqua arch by Ryu and others 
(1992). The Myrtle Point-Sutherlin subbasin lies 
south of the arch; the Smith River subbasin is 
north of the arch. 

An aggregate thickness of more than 25,000 
feet of lower to upper Eocene strata is preserved 
in the Umpqua basin although no more than 
10,000 to 15,000 feet of strata are preserved at 
any one location. These strata overlie and, in 
part, interfinger with the Siletz River Volcanics, 
a thick sequence of Paleocene to lower Eocene 
pillow basalt flows and breccias (Figs. 1.1 and 
1.2). The Siletz River Volcanics consist of oceanic 
basaltic crust formed of seamounts and oceanic 
islands (Snavely and others, 1968; Wells and 
others, 1984). The oceanic basaltic crust was 
accreted during the late-early Eocene to the 
North American continent, represented by the 
Mesozoic rocks of the northern Klamath 
Mountains (Fig. 1.1). Blake and others (1985) and 
Niem and Niem (1990) used the name Sixes 
River Terrane for the Dothan Formation of Ramp 
(1972) in the northern margin of the Klamath 
Mountains. The U.S. Geological Survey has 
returned to calling these rocks Dothan Formation 
in mapping in progress (R. E. Wells, 1995, pers. 
commun.); and, therefore, this report refers to 
those rocks as Dothan Formation also. 

Geophysicists estimate that the Siletz River 
Volcanics is more than 25 km thick in the central 
Oregon Coast Range (Trehu and others, 1992). In 
the Umpqua basin, Mobil Oil Corporation drilled 
more than two miles of Siletz River basalt in the 
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Sutherlin No. 1 well in 1979. Therefore, this unit 
is generally considered to be economic basement. 
However, some natural gas seeps and oil shows 
occur where Siletz River flows and intrusions are 
intercalated with or are in thrust contact with 
lower Eocene Umpqua strata or in thrust contact 
with Mesozoic rocks of the Klamath Mountains 
(Kvenvolden and others, 1995; Lillis and others, 
1995). The volcanics form buried highs, such as 
the Umpqua arch. 

The Umpqua arch is a subsurface volcanic 
high of Siletz River seamounts and oceanic 
islands. In seismic-reflection profiles, well
stratified soft palagonite in the Siletz River 
Volcanics is nearly accoustically transparent; 
volcanic breccias and hard pillow lavas, on the 
other hand are strong accoustical reflectors. 
Umpqua Group strata lap onto and thin across 
these highs (Peter Hales, Weyerhaeuser, 1989, 
pers. commun.; Niem and Niem, 1990) (Plate 1). 
The volcanics that comprise the arch are exposed 
northeast and southwest of the Tyee forearc 
basin in the cores of the Dickinson Mountain, 
Drain, and Jack Creek anticlines (Hoover, 1963). 

Eocene Stratigraphy 

This study uses the revised stratigraphic 
nomenclature for the Eocene Tyee basin 
developed from new mapping and facies studies 
of the southern Coast Range by Molenaar (1985), 
Ryu and Niem (1993, 1994), Black (1990, 1994a, 
1994b), Black and Priest (1993), Jayko (1995a, 
1995b), and Wells (1995a-i). Overlying and 
interfingering with the upper part of the Siletz 
River Volcanics is the lower Eocene Umpqua 
Group which includes the Bushnell Rock and 
Tenmile formations (Fig. 1.2). To the north, the 
laterally equivalent lithofacies is informally 
referred to as undifferentiated Umpqua Group. 
This undifferentiated unit is a thick sequence of 
well-indurated, lithic turbidites and dark gray, 
deep-marine mudstone. These strata were 
deposited as middle to outer submarine fans and 
basin plain facies, possibly in a trench or 
subduction zone setting (Baldwin and Perttu, 
1980; Heller and Ryberg, 1983) or in a rifted 
continental margin setting (Wells and others, 
1984; Snavely, 1984). 

The 250- to 4,000-ft thick Bushnell Rock 
Formation is composed of well-indurated, thick to 
very thick, amalgamated beds of polyrnict pebble-
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cobble-boulder conglomerate and subordinate, 
poorly sorted, very coarse-grained lithic 
sandstone. These lithofacies are conformably 
overlain by very thick-bedded, shallow-marine, 
fine-grained lithic sandstone of the 2,000-ft thick 
Slater Creek Member (Ryu and others, 1992). 
The well-indurated, syntectonic conglomerate 
and thick lithic sandstone formed as alluvial 
fans, fan deltas, beach gravels and inner shelf 
sands, and as deep-sea fan channels and canyon 
fills. These strata were derived from 
sedimentary, igneous, and metamorphic Mesozoic 
accreted terranes of the tectonically active 
Klamath Mountains to the south. The coarse
grained, wedge-shaped deposits thin rapidly and 

are missing in correlative sections of 
undifferentiated Umpqua Group in a distance of 
only 5 to 10 miles to the north (Ryberg, 1984; Ryu 
and others, 1992)(Fig. 1.3). 

Conformably overlying the Bushnell Rock 
conglomerate is the 3,000-ft thick Tenmile 
Formation which consists of rhythmically 
interstratified, thin to very thin beds of graded, 
coarse-grained, lithic turbidites and dark gray 
slope mudstone. Thick, channelized beds of 
pebble-cobble-boulder polymict conglomerate and 
an upper thick, massive shelf mudstone comprise 
a minor part of this formation (Ryu and others, 
1992). 

Fig. 1.2 Stratigraphic column ofTyee and Umpqua basins, 
southern Oregon Coast Range after Ryu and others (1992). 
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These units partially fill the Myrtle Point
Sutherlin subbasin and onlap the Umpqua arch. 
North of the arch, hemipelagic basinal mudstone 
of the undifferentiated Umpqua Group filled the 
Smith River subbasin during the early Eocene. 

Using the sequence stratigraphic concepts of 
Van Wagoner and others (1990), the Bushnell 
Rock and Tenmile formations together with the 
overlying Berry Creek Member of the White Tail 
Ridge Formation comprise Depositional Sequence 
I of Ryu and others (1992) (Fig. 1.2). Some of 
these units (e.g., Bushnell Rock and Tenmile) 
locally overlie an unconformity on the Klamath 
Mountains terranes and Siletz River Volcanics in 
the southern part of the Umpqua basin (Baldwin 
and Beaulieu, 1973; Baldwin, 1974) (Fig. 1.3). 
Northward into the Myrtle Point-Sutherlin 
subbasin, these strata interfinger with middle 
and outer fan lithic turbidite strata and with 
slope and basin plain mudstone of the 
undifferentiated Umpqua Group which is several 
thousand feet thick (Molenaar, 1985; Ryu and 
others, 1992). 

Overlying the lower Umpqua Group are the 
lower Eocene White Tail Ridge Formation and 
Camas Valley Formation (Fig. 1.2). The White 
Tail Ridge Formation has been further 
subdivided by Ryu and others (1992) into the 
Berry Creek Member, Remote Member, Coquille 
River Member, and Rasler Creek Tongue. These 
units are quartzo-feldspathic lithic sandstone, 
siltstone, coal, and mudstone. The Remote 
Member, Coquille River Member and Rasler 
Creek Tongue comprise Depositional Sequence II 
ofRyu and others (1992). 

The coal-bearing White Tail Ridge Formation 
is a 4,000-ft thick deltaic sequence. The Berry 
Creek and Coquille River members contain 
thickening-upward parasequences of delta front 
sandstone formed during highstands. The delta 
front sandstones are hummocky bedded, 
bioturbated, and mollusk-bearing. 
Subbituminous coal and oyster-bearing estuarine 
siltstone are subordinate facies. The Remote 
Member consists of multi-stacked sequences of 
pebble-cobble-boulder polymict conglomerate and 
pebbly, cross-bedded, fluvial to distributary 
channel sandstone formed during a lowstand. 
Root-bioturbated overbank siltstone and coal 
beds also are present. The 2,200-ft thick Remote 
Member was deposited during a period of tectonic 
instability; the unit is locally incised into and 
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overlies an angular unconformity on older lower 
Umpqua Group units in the southern Coast 
Range (e.g., on Fig. 1.3 between section 8 and 
well #16; Reston high of Ryu and others, 1992; 
Black and others, in prep.). The basal contact of 
the Remote Member forms a sequence boundary 
between depositional sequences I and II. The 
Rasler Creek Tongue is a thickening-upward 
parasequence of highstand, wave-dominated 
delta front sandstone and minor paralic coal that 
pinches out to the north into massive, 
fossiliferous, shelf to slope mudstone of the 
Camas Valley Formation (Fig. 1.3). The 1800-ft 
thick Camas Valley mudstone also overlies all 
deltaic members of the White Tail Ridge 
Formation (Figs. 1.2 and 1.3). This mudstone 
unit represents a tectonism-forced transgressive 
systems tract (Ryu and Niem, 1994). 

During accretion of the Coast Range block 
(Siletz River Volcanics and Umpqua basin 
sequences I and II) in the early-middle Eocene, a 
new subduction zone formed to the west in the 
present position on the outer continental shelf
upper slope of Oregon (Heller and Ryberg, 1983; 
Wells and Heller, 1988; Niem and others, 1992a) 
(Fig. 1.4B). Subsidence of the area between this 
new subduction zone and the developing 
calcalkaline volcanic arc (Clarno volcanics of 
central Oregon?) created the Tyee forearc basin 
in which more than 10,000 ft of micaceous, lithic 
arkosic sandstone, mudstone, and minor coal 
were deposited (Snavely and others, 1964; Lovell, 
1969). These younger strata are less deformed 
than the underlying folded and thrust-faulted 
Umpqua Group. These units form depositional 
sequences III and IV and cut across the 
structural grain of the earlier accreted NE-SW
trending Umpqua basin (Figs. 1.1 and 1.2) (Ryu 
and Niem, 1994). Clockwise rotation of the Coast 
Range-northern Klamath block about a pivot 
point in northwestern Oregon began about this 
time (Wells and Heller, 1988). 

The Tyee Mountain and Hubbard Creek 
members of the Tyee Formation comprise 
Depositional Sequence III (Fig. 1.2). The middle 
Eocene Tyee Mountain Member consists of 3,000 
to 6,000 feet of widespread, very thick-bedded, 
rhythmic, fine-grained, micaceous volcanic 
arkosic sandstone and deep-marine mudstone 
(Fig. 1.3). The member formed as a lowstand, 
sand-rich submarine fan (Chan and Dott, 1983) 
or as a submarine ramp (Heller and Dickinson, 
1985)(Figs. 1.5A, 1.5B, and 1.6A). The overlying 
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Figure 1.3 Reduced fence diagram of southern Tyee basin, illustrating 
distribution and geometry of stratigraphic units (from Ryu 
and others, 1992). 
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Hubbard Creek Member is 600 to 1000 ft of thin, 
well-bedded to massive, micaceous, laminated 
mudstone and some thin, nested channels filled 
with turbidite sandstone. The unit represents a 
lowstand and transgressive systems tract (Figs. 
1.6B and 1.6C). 

The Baughman Member of the Tyee 
Formation and the Elkton, Bateman, and 
Spencer formations form Depositional Sequence 
IV (Fig. 1.2). Locally resting on an unconformity 
eroded into the Hubbard Creek Member, the 
2,000-ft thick Baughman Member contains cross
bedded, medium- to coarse-grained, micaceous, 
lithic arkosic sandstone. Minor mollusk-bearing 

A) Ear1y Eocene 
NW Umpqua arch 

SEAMOUNT TERRANE 

{Siletz River Volcanics; 
e.g., Umpqua arch) 

siltstones and subbituminous coals occur in this 
well-indurated, sandstone-dominated unit which 
forms prominent cliffs. The Baughman 
represents a lowstand delta and alluvial plain 
(Fig. 1.6B). The middle Eocene Elkton Formation 
is 1500 feet of deep-marine, laminated, micaceous 
mudstone and minor channelized micaceous 
arkosic sandstone. The unit reflects an overlying 
transgressive systems tract of shelfal and slope 
mudstone (Fig. 1.6C). The Elkton and overlying 
2500-ft thick Bateman Formation crop out only in 
the middle of the forearc basin. The Bateman 
Formation is probably correlative to or slightly 
older than the middle and upper Eocene Spencer 
Formation which is exposed on the eastern flank 

SUBDUCTION COMPLEX 

{Suther1in-Myrtle pt. 
Slbbasil) 

(c<(~~~ 
YOicanic arc .1 

B) Middle to 
late Eocene (Tyee forearc basin) Idaho batholith & < ct sE" 

volcanic detritus - Y 
NW ----

SUBDUCTION 
COMPLEX 

FOREARC BASIN ARC 

Figure 1.4 Depotectonic setting of Eocene rock units in the southern Tyee basin 
(modified slightly from Heller and Ryberg, 1983 ). A) Early Eocene lithic 
deep-sea fan of the Umpqua Group and Tenmile Formation slope facies fed by 
fan deltas of the Bushnell Rock Formation. These units were simultaneously 
deposited and subducted (i.e., accretionary wedge with imbricate thrusts) in 
the subduction complex (Myrtle Point-Sutherlin subbasin). B) After accretion 
and clogging of the subduction zone by thickened oceanic crust, a new 
subduction complex formed to the northwest. 
Abbreviations: WTR & CV fms. = White Tail Ridge and Camas Valley 
formations; BR & T fms. -Bushnell Rock and Tenmile formations. Arkosic 
micaceous sandstone and mudstone of the Tyee, Elkton, and Bateman-Spencer 
fqrmations accumulated in the subsequent forearc basin on top of the Umpqua 
basin accretionary wedge. 
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Early Eocene Tyee depositional model for deltaic shelf sands in line source cascade into 
deep water to form a sand-rich submarine fan (from Chan and Dott, 1983). 

Paleogeographic reconstruction of the southern part of the Oregon Coast Range during Eocene · 
deposition of the Tyee Formation (from Heller and Dickinson, 1985). 

Figure 15 Comparison of depositional models proposed for the Tyee Formation. 
Diagram A is the sand-rich submarine fan model of Chan andDott (1983); 
diagram B is the submarine ramp model of Heller and Dickinson ( 1985 ). 
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Figure 1.6A Formation of a sequence boundary, lowstand systems tract (LST), and 
lowstand basin-floor fan due to rapid relative fall of sea level resulting from 
a high rate of tectonic uplift and/or eustatic sea level fall (modified slightly 
from Van Wagoner and others, 1990). 
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Conditions and Events: Bushnell Rock channels) 
• Rate of eustatic fall and/or tectonic subsidence decreases, reaches a stillstand, and rises slowly 
• Deposition of basin-floor submarine fan ceases 
• Coarse-grained, braided stream or estuarine sandstone aggrade within the fluvial systems, often 

filling incised valleys in response to sea level rise (e.g., Bushnell Rock conglomerate) 
• Fine-grained turbidites deposited on the slope form a shale-prone wedge with thin turt>idite 

sandstone beds that downlap on top of the abandoned fan 

Figure 1.6B Lowstand systems tract (LST): a lowstand slope-wedge forms as a result of a 
slow fall of relative sea level,followed by a stillstand, and then slow rise of 
relative sea level (modified slightly from Van Wagoner and others, 1990). 
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Figure 1.6C Formation of a transgressive systems tract (TST) due to a rapid rise of sea 
level, resulting from increased tectonic subsidence rate and/or rapid eustatic 
sea level rise (modified slightly from Van Wagoner and others, 1990). 
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Figure 1.6D Creation of a highstand systems tract (HST) by a slow relative rise, a 
stillstand, and a slow fall of relative sea level as a result of tectonic uplift 
and/or eustatic sea level drop (modified slightly from Van Wagoner and 
others, 1990). 11 



of the basin adjacent to the Western Cascades arc 
(Fig. 1.1). Both the Bateman and Spencer consist 
of thickening-upward parasequences of 
moderately friable, laminated to hummocky 
bedded, arkosic, micaceous sandstone, mudstone, 
and coal (Weatherby, 1991; Ryu and others, 
1992). The major source areas for the micaceous 
quartzo-feldspathic (K-feldspar) volcanogenic 
sandstones of the Tyee Mountain Member 
submarine fan of sequence III and the highstand, 
wave-dominated deltaic units of sequence IV 
(Baughman Member; Bateman and Spencer 
formations) are probably the Idaho Batholith and 
an active volcanic arc (Fig. 1.4B; Chan, 1982, 
1985; Heller and Ryberg, 1983; Heller and others, 
1985, 1992). Subdued Klamath Mountains 
terrane sources also contributed minor detritus. 

Chan and Dott (1983) and Heller and 
Dickinson (1985) interpreted the facies of the 
Tyee Formation (i.e., Baughman, Tyee Mountain, 
and Hubbard Creek members), based on 
Walther's law of conformable units, as a sand
rich delta system that fed a multisource sandy 
submarine fan or deep-marine ramp facies to the 
north. Based on new detailed geologic mapping 
(Black and others, in prep.), seismic-reflection 
profiles, and subsurface sections (Ryu and others, 
1992; Ryu, 1995), we now recognize a local 
unconformity at the base of the Baughman 
Member and a thick, widespread mudstone unit 
(Hubbard Creek Member) that separates the 
Tyee Mountain submarine fan from the deltaic 
Baughman Member (Figs. 1.2 and 1.3). Sequence 
stratigraphic concepts suggest that the Tyee 
Mountain submarine fan formed earlier during a 
lowstand, followed by deposition of slope to shelf 
mudstones of the Hubbard Creek transgressive 
systems tract (sequence III) (Figs. 1.6A, 1.6B, 
and 1.6C). A later lowstand event deposited the 
deltaic Baughman Member at the start of 
sequence IV (Fig. 1.6B). 

Flanking the Tyee basin on the west, the 
Coos Bay basin contains the 6,000- to 7,000-ft 
thick upper Eocene (late Narizian) deltaic 
Coaledo Formation which is correlative to the 
Spencer Formation and possibly to the slightly 
older(?) Bateman Formation (Fig. 1.1). These 
upper Eocene units represent a widespread late 
Eocene delta-coastal plain that extended from 
Coos Bay northward to the Puget Lowland of 
Washington and may have once covered Tyee 
basin strata (Snavely and Wagner, 1963; Dott, 
1966). 
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The overlying Oligocene to middle Miocene 
marine strata of the Coos Bay basin are not 
preserved in the Tyee forearc basin. They were 
either never deposited there or have been eroded 
since uplift of the basin. Very thick upper Eocene 
to Miocene nonmarine lava and pyroclastics in 
the adjacent Western Cascades arc flank the 
basin on the east and overlie an angular 
unconformity on the Tyee and Umpqua basin 
strata (Fig. 1.1). 

Starting in the late-middle Miocene, a period 
of rapid plate subduction and reorganization on 
the Oregon outer continental shelf resulted in E
W compression and some oblique-slip, normal, 
and reverse faulting of the Tyee Basin strata 
(Niem and Niem, 1990). This resulted in uplift 
and rapid erosion of the Coast Range. Major 
rivers (e.g., Umpqua) formed entrenched 
meanders during the Pleistocene and Holocene. 
Personius (1993) showed evidence that 
compression folding has slightly deformed 
Holocene river terraces along the Siuslaw River 
east of Florence. 

Regional Structure 

The tectonic boundary between the Tertiary 
southern Oregon Coast Range and the Mesozoic 
northern Klamath Mountains is delineated, in 
part, by major thrust and transcurrent faults, 
including the northeast-southwest Wildlife Safari 
fault, the east-west Canyonville fault, and the 
north-south Coquille River-Powers fault (Diller, 
1898; Perttu, 1976; Ryberg, 1984; Ramp and 
Moring, 1986) (Fig. 1.1). The Wildlife Safari fault 
is an oblique-slip reverse fault which has an 
estimated 3 miles of right-lateral separation 
(Ryberg, 1984). Carayon (1984) suggested that 
the northeastern segment of this fault may be a 
major thrust fault. Recent mapping of the 
1:100,000 Roseburg sheet by Wells and others of 
the U.S. Geological Survey confirms that the 
Wildlife Safari fault is, in large part, a thrust 
fault which involves units as young as the White 
Tail Ridge Formation (Jayko and Wells, 1996; 
Wells and Niem, 1996). 

The nearly east-west transcurrent 
Canyonville fault zone offsets various Cretaceous 
and Jurassic tectonostratigraphic terranes of the 
Klamath Mountains (Blake, 1984). Ryberg (1984) 
estimated >15 miles of right-lateral motion on 
the Canyonville fault. The half-mile-wide fault 
zone contains sheared serpentinite and slivers of 



Cretaceous-Jurassic Riddle Formation and other 
terranes. Latest renewed motion on this fault 
may have involved members of the White Tail 
Ridge Formation before deposition of the deltaic 
Tyee Mountain Member of the middle Eocene 
Tyee Formation. This and other faults appear to 
have been sufficiently active in the late-early 
Eocene to have produced scarps of uplifted 
Klamath Mountains terrane rocks which were 
point sources of detritus during syntectonic 
deposition of the boulder-cobble conglomerate in 
the Remote Member of the White Tail Ridge 
Formation and the fan delta facies of the 
Bushnell Rock Formation (Perttu, 1976; Heller 
and Ryberg, 1983; Ryberg, 1984; Kugler, 1979). 
For example, A. Jayko of the U.S. Geological 
Survey has mapped a thick, basal, boulder 
conglomerate (largely granitic clasts) and lithic 
arkosic sandstone, probably Remote Member, 
overlying a Jurassic granodiorite pluton of the 
Klamath Mountains south of Glide (Buck Rock
White Rock area; Jayko, 1995a, 1995b). 

Ryberg (1984), Baldwin and Hess (1971), and 
Ahmad (1981) reported that the north-south
trending Coquille River-Powers fault displays 
mainly reverse separation with as much as 5,000 
feet of offset. This fault uplifts Klamath 
Mountains terranes on the west against Tyee, 
White Tail Ridge, and Tenmile strata on the east. 
It may be related to a major right-lateral 
northwest-trending fault in the Coos Bay basin 
which can be extended into the southwestern 
Tyee basin in T. 28 S., R. 12 W., offsetting Siletz 
River Volcanics against lower Umpqua and 
Tenmile strata (Baldwin, 197 4). 

The major structural features in the Myrtle 
Point-Sutherlin subbasin include the northeast
southwest-trending Bonanza fault zone, Reston 
fault, Wildlife Safari fault, and numerous folds. 
The Bonanza fault zone is a 5-mile wide system 
of NW -verging out-of-sequence thrust faults, 
some back thrusts, high-angle reverse faults, and 
northeast-southwest-trending asymmetrical 
anticlines cored with Siletz River Volcanics. 
Tight synclines within the thrust system involve 
lower Umpqua Group slope and basinal 
mudstone and middle to outer fan turbidite 
sandstone. The main thrust overrides the White 
Tail Ridge, Camas Valley, and Colestin 
formations in the Hinkle Creek 7.5-minute 
quadrangle (Wells, 1996b). Some thrusts in the 
subsurface appear to be be blind thrusts 
associated with fault-propagation folds (Plate 1). 
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In an earlier interpretation, Niem and Niem 
(1990) postulated that some of these structures 
might be fault-bend folds. The principal folds 
north of the Bonanza fault zone, from north to 
south, are the Jack Creek anticline, Hardscrabble 
Creek syncline, Drain anticline, Yoncalla 
syncline, Dickinson Mountain (or Red Hill) 
anticline, Heavens Gate anticline, Calapooya (or 
Metz Hill) syncline, and Oakland anticline (Fig. 
1.1) (Hoover, 1963; Niem and Niem, 1990; Wells, 
1996g, 1996h). Mobil Oil Corporation drilled the 
Oakland anticline in 1979 (Sutherlin Unit No. 1) 
and penetrated <4,000 feet of Umpqua turbidite 
strata and >9,000 feet of Siletz River pillow 
basalt and some subaerial flows (Bill Seeley, 
Mobil Oil Corp., 1989, pers. commun.). 

The imbricate thrust boundary and strike
slip faults of the southern Tyee basin have been 
interpreted as a collision boundary or suture zone 
between obliquely underthrusted oceanic crust 
(represented by the Siletz River Volcanics) and 
North American continental crust (represented 
by the Klamath Mountains terranes) (Heller and 
Ryberg, 1983; Ryberg, 1984; Carayon, 1984). The 
imbricate thrusting generally becomes less 
intense and generally younger to the north (R. E. 
Wells, 1994, pers. commun.). Suturing was 
largely completed by the early-middle Eocene 
(Snavely, 1987). 

Field mapping and interpretation of seismic
reflection profiles indicate that much of the 
thrusting occurred prior to deposition of the 
middle Eocene Tyee Formation (Niem and Niem, 
1990; Black, 1990; Black and Priest, 1993). 
Movement on some thrusts south of the Reston 
fault, for example, ceased before fan delta 
conglomerates of the Bushnell Rock Formation 
(as at Bushnell Rock) prograded into the basin. 
Renewed movement on the Reston thrust fault in 
the late-early Eocene created an anticlinal 
basement high (the Reston high) which uplifted 
Siletz River Volcanics and the lower Umpqua 
Group (Tenmile turbidites and Bushnell Rock 
conglomerate) (Black, 1990). Deltaic strata of the 
White Tail Ridge Formation thin over the Reston 
high, suggesting that in the late-early Eocene the 
high was an effective barrier which controlled the 
depositional pattern of the White Tail Ridge 
Formation in this area (Fig. 1.3) (Black, 1990; 
Ryu and others, 1992). Other faults appear to 
have been active contemporaneously with 
depositio:ri of the lower Umpqua Group (Heller 
and Ryberg, 1983; Perttu and Benson, 1980), and 



many younger faults deformed the White Tail 
Ridge Formation. For example, the White Tail 
Ridge Formation is involved in reactivated out-of
sequence thrusts near Glide and south of Tenmile 
(Wells and Niem, 1996; Wiley and Black, 1994). 

In the northeastern part of the Myrtle Point
Sutherlin subbasin, the Bonanza fault zone can 
be mapped from the foothills of the Cascades east 
of Sutherlin to the Tyee escarpment west of 
Melrose (Fig. 1.1). Seismic-reflection profiling 
shows that the fault zone and associated folds 
extend beneath the forearc basin sequence in the 
central part of the southern Tyee basin (Fig. 1.1; 
Plate 1) (Peter Hales, Weyerhaeuser, 1989, pers. 
commun.). In the southwestern part of the 
subbasin west of Remote and Dora, NNE-SSW
trending thrusts and high-angle reverse/oblique
slip faults locally bound basalt-cored anticlines 
and are probably the exposed continuation of the 
Bonanza fault zone. In addition, NE-SW-trending 
basalt-cored anticlines mapped north of the 
Bonanza fault zone in the eastern part of the 
basin appear as discontinuous, NE-SW-trending, 
elongate anomalies on aeromagnetic maps 
beneath the Tyee Formation in the central part of 
the basin (Peter Hales, Weyerhaeuser, 1995, 
pers. commun.). A high-resolution aeromagnetic 
survey of the southern Tyee basin, to be flown by 
the US Geological Survey in 1996, should provide 
additional constraints on the subsurface 
structure. 

Many faults in the southwestern part of the 
Myrtle Point-Sutherlin subbasin juxtapose 
melange and broken formation, Dothan 
Formation, and serpentinite against Siletz River 
Volcanics and Umpqua-Tenmile turbidite fan and 
slope strata. Baldwin and Beaulieu (1973) and 
Baldwin (1974) originally mapped these faults as 
high-angle reverse and normal, and some thrust 
faults. Niem and Niem (1990) offered an 
alternative explanation that the Mesozoic rocks 
in this area are part of major overthrust sheets 
(or nappes) with serpentinite over Umpqua 
turbidite strata and Siletz River Volcanics. 
Subsequent uplift and erosion have left klippen of 
melange (i.e., blocks of blueschist and 
greenstone) over undifferentiated lower Umpqua 
and Tenmile turbidite strata and Siletz River 
Volcanics. Parke Snavely in unpublished 
mapping and Robert McLaughlin of the U.S. 
Geological Survey (1995, pers. commun.), in 
recent mapping of the Bridge 7.5-minute 
quadrangle west of Remote, found Siletz River 
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Volcanics thrust over Mesozoic Klamath 
Mountains rocks as well as high-angle, right
lateral oblique-slip and reverse faults. 
McLaughlin (1995, pers. commun.) interprets 
that there has been considerable tectonic 
shortening in this area. He also found Bushnell 
Rock conglomerate locally overlying an angular 
unconformity on Dothan Formation. 

Carayon (1984) and Carayon and others 
(1984) showed in a cross section a small klippe of 
melange (Dothan Formation?) thrust over lower 
Umpqua strata and Siletz River Volcanics in the 
Bushnell Rock-Reston area north of the Wildlife 
Safari fault. Baldwin (1984) proposed an 
alternative interpretation that the exotic blocks 
of pre-Tertiary strata, blueschist, and greenstone 
are olistostro"llal blocks that slid or slumped into 
the Umpqua marginal basin during the Eocene 
from uplifted Klamath Mountains terranes to the 
south. Large clasts of pre-Tertiary rocks in mud 
matrix support fill ancient channels near Agness 
and may be debris flow deposits in a submarine 
canyon head in the Umpqua Group-Tenmile 
Formation (Ryberg, 1984). 

Ryberg found that some tectonic wedges of 
melange with blocks of blueschist and disrupted 
Mesozoic rocks also contain blocks of mudstone 
with Paleocene foraminifers. Ryu (1995) sampled 
a sheared mudstone in the Slater Creek area 
which also yielded early Eocene(?) foraminifers. 
These early Tertiary foraminifers suggest that 
some Klamath Mountains "pre-Tertiary" melange 
formed in the earliest Tertiary and may be 
equivalent to the Eocene coastal belt Franciscan 
of northern California. This melange with exotic 
blocks may represent an uplifted segment of the 
more deeply subducted part of the Paleogene 
accretionary wedge. 

Thus, some geologists have favored the idea 
of significant tectonic shortening via thrusting 
and subduction at the southern boundary of the 
southern Tyee basin. Eocene Umpqua Group 
turbidite strata involved in such a setting could 
extend as thrust slices far beneath the northern 
margin of the Mesozoic Klamath Mountains (Fig. 
1.4A). 

Ryberg (1984) presented an alternative 
structural interpretation that Umpqua Group 
turbidite strata and Siletz River Volcanics do not 
extend as thrust slices beneath the Mesozoic 
terranes but rather are abruptly terminated by 



the oblique-slip Wildlife Safari fault. If the reader 
prefers the Ryberg model, then there are no 
Umpqua Group turbidite strata as a target for 
exploration or as potential source rocks beneath 
the Dothan Formation within a reasonable 
drilling depth. Recent detailed mapping of 
Eocene sedimentary units in the Roseburg area 
by Wells (1996e, 19960 shows relatively minor 
thrusting and shortening (i.e., a few miles) on the 
Bonanza and Wildlife Safari faults, not tens to a 
hundred miles expected in a major subduction 
zone. Some seismic-reflection profiles also 
suggest minor net slip (e.g., Plate 1). 

Wells (1996, pers. commun.) has recently 
hypothesized that this suture may be analogous 
to the suture between the Ontong Java Plateau 
and Solomon Islands in the southwest Pacific. He 
thinks that the oceanic plate (represented in the 
southern Oregon Coast Range by the thickened 
oceanic seamount crust of Siletz River Volcanics 
and lower Umpqua Group turbidite strata) may 
have split the continental plate (represented by 
the Mesozoic Klamath Mountains terranes) like a 
spear point, rather than slipping far beneath the 
edge of the continental plate. In this type of plate 
collision, slices of continental rocks are thrust 
partially over and partially under the oceanic 
plate. Tectonic shortening of the folded and 
thrusted Coast Range Siletz River Volcanics and 
Umpqua Group turbidites is relatively minor in 
the final stages of collision and accretion. The 
exact nature of the suture zone between the 
Umpqua Group of the Umpqua basin and the 
northern Klamath Mountains is presently a 
subject of detailed field investigations by the U.S. 
Geological Survey (R.E. Wells, R. McLaughlin, 
and A Jayko, 1989-96, pers. communs.). 
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The forearc basin sequence (middle Eocene 
Tyee and younger formations) is less deformed 
than the Umpqua basin strata. This sequence 
overlies an angular unconformity on generally 
more intensively faulted and folded lower 
Umpqua strata (Fig. 1.1 and Plate 1). In the late
middle Miocene to the present, renewed 
underthrusting and subduction of the Juan de 
Fuca plate beneath the North American plate on 
the outer continental shelf and slope of Oregon 
created east-west compression of the basin 
(Snavely, 1987; Wells and Heller, 1988; Niem and 
others, 1992b). This produced the broad, open 
north-south-trending folds and high-angle faults 
in the forearc basin sequence in the central and 
northern parts of the study area (Niem and 
Niem, 1990; Black and others, in prep.). Toward 
the eastern flank of the basin, these north-south 
axes gradually become NE-SW-trending, 
subparallel to the older structural trend due to 
the buttress effect of uplifted Siletz River 
Volcanics during compression. Some of these 
folds and fault blocks have been explored (e.g., 
General Petroleum Long Bell No. 1, Florida 
Exploration Harris 1-4, and Northwest 
Exploration Sawyer Rapids wells). 

On the geologic map of western Oregon, Wells 
and Peck (1961) showed a broad north-trending 
synclinal axis in the Tyee forearc strata, roughly 
bisecting the middle and upper Eocene Elkton 
and Bateman formations. Although Niem and 
Niem (1990) also followed that general outcrop 
pattern, they depicted many smaller structures 
superimposed on that structure. For example, 
NE- and N-trending folds gently deform the 
Elkton and Bateman formations, and E-W
trending left-lateral faults displace the synclinal 
axis south of Remote. 
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Figure 2.1 Geographic distribution of sandstone and conglomerate samples from the Eocene Tyee basin. 
Solid circles represent the locations of seventy sandstone samples petrographically analyzed 
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SANDSTONE PETROGRAPHY 

Framework Mode and Cements 

The composition and diagenesis of some Tyee 
basin units have been analyzed by Burns and 
Ethridge (1979), Chan (1985), Heller and Ryberg 
(1983), Van Atta in Newton (1980), and by 
several MS and PhD theses completed at the 
University of Oregon (under the supervision of 
Ewart Baldwin), at Portland State University, 
and at Oregon. State University (see list on 
compilation map of Niem and Niem, 1990). We 
expanded upon those studies and have included 
stratigraphic units not previously investigated. 

Seventy sandstone and conglomerate samples 
were studied petrographically from the entire 
Eocene section throughout the southern Tyee 
basin (Fig. 2.1). These samples represent the 13 
sandstone-dominated lithostratigraphic units in 
the basin. Most were collected from the measured 
stratigraphic sections described by Ryu and 
others (1992) (Plate 2A). 

The average compositions of the framework 
grains, detrital matrix, cement, and porosity of 
each of the sandstone-dominated units are 
presented in Table 2.1. More than 400 points 

SEQUENCE STRATIGRAPHIC UNIT NUMBER 
OFSAMPLFS 

Spencer Formation Z' 
IV Bateman Formation Z' 

Elkton Formation 1. 

Baughman Member 5 
m Tyee Mountain Member 13 

Kasler Creek Tongue Z' 
n Coquille River Member 8 

Remote&: Upper Umpqua 12 
White Tail Ridge Formation Z' 

Berry Creek Member 8 
I Tenmile Fonnatlon 5 

Slater Creek Member Z' 
Bushnell &: Lower UmlXlua 7 

Klamath Mtns. Pre-Tertiarv 1. 

AVERAGE 

were counted in each thin section. Sandstones 
are mainly composed of quartz, plagioclase, K
feldspar, and varying proportions of sedimentary, 
volcanic, and metamorphic rock fragments. Clay 
matrix and cement are abundant. Framework 
grains (primarily rock fragments with sub-equal 
amounts of quartz and feldspar) are the 
dominant component, averaging 79% of each 
sample (Table 2.1). 

Matrix commonly comprises 8% and ranges 
from 5 to 11%. Most sandstones are arenites 
(<10% clay matrix), but some turbidite 
sandstones (e.g., Tyee Mountain Member and 
Elkton Formation) are wackes (>10% clay matrix) 
in the classification of Williams and others 
(1954). Texturally, both primary detrital 
orthomatrix and secondary diagenetically formed 
epimatrix and pseudomatrix (developed from 
deep burial) are common in the sandstones 
(Dickinson, 1970). In many thin sections, it is 
difficult to distinguish between them. X-ray 
diffraction and scanning electron microscopy 
analyses indicate that these matrix clays are 
dominated by smectite, corrensite, chlorite, illite, 
and serpentine. Authigenic clays, zeolites, 
calcite, and quartz cements average 11% of the 

BULK COMPOSmON (%) 

FRAMEWORK DETRITAL CEMENT VISUAL 
GRAINS MATRIX POROSITY 

76.12 9.26 11.70 2.92 
84.56 7.77 7.67 0.00 

79.10 10.26 10.63 0.00 
80.95 9.87 6.92 2.'ZJ 
76.66 11.06 10.56 1.72 
74.15 7.11 15.13 3.61 
80.46 4.70 12.09 2.75 
79.65 7.38 11.57 1.40 
71.50 8.93 18.43 1.15 
85.56 4.45 9.20 0.?9 
81.49 8.45 8.79 1.'Zl 

82.23 5.79 11.68 0.30 
78.()3 8.73 10.65 2.60 
77.64 7.80 6.00 8.56 

79.15 7.97 10.79 2.10 

Table 2.1. Overall composition of seventy Tyee basin sandstones and conglomerates analyzed 
in this study. *Additional compositions ofTyee sandstone and conglomerate units 
are reported in Burns and Ethridge (1979), Chan ( 1982 ), Heller ( 1983 ), Newton ( 1980), 
Ryberg (1984), and Weatherby (1991). 
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sandstone bulk composition. Minor amounts of 
hematite and limonite cement also occur in some 
weathered samples. Authigenic clays are 
primarily corrensite and chlorite, but illite is also 
common. The textural and mineralogical 
characteristics of the various cements and clay 
matrix is further described in the Diagenesis 
section of this report. 

One to three percent porosity was calculated 
from point counts of the sandstones (Table 2.1). 
Most pores are secondary intergranular and 
intragranular, formed by partial to complete 
dissolution of framework minerals, such as 
feldspars. Minot fracture porosity is also locally 
present. Higher porosities (averaging 11 %) in the 
Tyee basin sandstones and conglomerates were 
measured in seventy samples by porosimeter by 

SEQUENCE STRATIGRAPIDC UNIT NUMBER 
OFSAMPLFS 

Spencer Formation ;2'0 

N Bateman Formation ;2'0 

Elkton Formation 1. 

Baughman Member 5 
m Tyee Mountain Member 13 

(26•) 

Rasler Creek Tongue ;2'0 

n Coquille River Member 8 
Remote lr: Upper Umpqua 12 

(14•) 

White Tail Ridge Formation ;2'0 

Beny Creek Member 8 
(1~) 

I Tenmlle Formation 5 
Slater Creek Member ;2'0 

Bushnell&: Lower Umpqua 7 
(~) 

Klamath Pre-Tertiary 1• 

Mountains (13•) 

AVERAGE 

Goode Core Analysis Services of Bakersfield, 
California (Table 2.2). The difference between 
visual point count estimation and the 
quantitative laboratory measurement of the 
porosity might be due in part to microporosity in 
the sandstones, which cannot be accurately 
estimated using the petrographic microscope. 

The composition of detrital framework grains 
varies significantly between lithostratigraphic 
units (Table 2.3 in Appendix). The dominance of 
rock fragments (<45%) over quartz (<30%) and 
feldspar (<24%) classifies most Tyee basin 
sandstones as lithic arkoses and feldspathic 
litharenites according to the scheme of Folk 
(1974), but lithic arenites and subarkoses also 
occur (Fig. 2.2). 

POROSITY(% VOLUME) PERMEABILITY (md) 
Average Range A verge Range 

14.45 10.2-18.7 6.7 1.1-123 
15.7 14.1-173 2.15 2.0-23 
14.7 - 1.6 -
9.7 7.7-12.9 0.24 0.15-0.33 

10.88 73-16.9 0..53 0.01-3.1 
(16.45•) (7.9-38.2•) (18.()3'0) (0.01-154•) 

13.2 12.0-14.4 935 0.2-18.5 
12.9 10.9-16.9 9.59 0.13-40.5 

10.45 5.4-163 2.93 0.05-18.5 
(11.74•) (5.4-322) (3.65•) (0.05-18.5•) 

8 6.1-9.9 0.15 0.~.22 

9.75 63-11.4 0.63 O.!S-1.9 
(9.5?) (63-11.4•) (0.63•) (O.!S-1.~) 

9.58 7.2-15.0 0.27 0.01-1.2 
7.4 7.1-7.7 0.03 0.02-0.03 

8.33 4.7-12.7 1.67 0.05-5.2 
(ll.W) (4.7-283•) (1131•) (0.05-32.6•) 

16.6 16.6 16.6 16.6 
(93:2'>) (43-23.2•) (16.26•) (O.!S-9().~) 

10.73 5.0-18.7 2.76 0.01-40.5 
(12.25•) (43-38.2•) (8.~) (0.01-154•) 

• Includes porosity and permeability data from Shell (1959), Mobil (1980), and Newton (1980) • 

Table 2.2 Summary of porosity and permeability data measured by Goode Core Analysis Service 
(Bakersfield, California) for Eocene Tyee basin sandstones and conglomerates. 
• Additional compositions ofTyee sandstone and conglomerate units are reported 

in Burns and Ethridge (1979), Chan (1982), Heller (1983), Newton (1980), 
Ryberg (1984), and Weatherby (1991). 
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SEQUENCE UNIT Qm. Qp K-spar Plagioclase Lv Lm+ Ls Micas 

HST Spencer Fomation 

IV 1 TST 
B.temut Fonnation 

Elldon Folmlltion 
1
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IHST llMier Cleek Tempe 

II 
CoqaBle River Member 

LST ltemole .t. U. Umpqua 
While Tall Ridge Undiff. 

HST Beny Cleek Member 

I TsT Tenmile Fomudloa ..;;..;;;.;;.. 
Sblter Creek Member 

LST BUihneU .t. L Umpqua 
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Figure 2.3 Relative abundance of major framework minerals from Eocene Tyee basin units. This diagram was modified 
from Heller and Ryberg (1983) based upon our stratigraphic and petrographic data. (LST=Lowstand Systems 
Tract; TST=Transgressive Systems Tract; HST=Highstand Systems Tract). 

Heavies 
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Lithic fragments constitute a significant 
proportion of the detrital fraction, averaging 44% 
of all sandstones (Fig. 2.3 and Table 2.3 in 
Appendix). The proportions of volcanic (Lv), 
metamorphic (Lm), and sedimentary rock 
fragments (Ls) vary from one lithostratigraphic 
unit to another (Fig. 2.3 and Table 2.3 in 
Appendix). Volcanic rock fragments are 
dominated by intermediate composition types 
displaying microlitic or pilotaxitic, and 
porphyritic textures. Metamorphic clasts (Lm) 
include quartz-mica schists, phyllites, 
metagraywacke, metagabbro, metaquartzite, and 
epidote-quartz aggregates. Rare acidic plutonic 
rock fragments (i.e., granitic) consist of 
interlocking coarse quartz-mica-feldspar 
aggregates. Sedimentary rock fragments (Ls) are 
dominated by light and dark unfossiliferous 
cherts and some radiolarian chert. Clasts of fine
grained sandstone, siltstone, mudstone, and 
carbonized plant fragments are also common. 

Monocrystalline and polycrystalline quartz 
(Qm and Qp, respectively) comprise the second 
most abundant framework grain types, averaging 
30% of the detrital fraction (Table 2.3 in 
Appendix). Monocrystalline quartz grains 
display straight to strongly undulose extinction 
and contain vacuoles and inclusions. Some 
monocrystalline quartz grains are embayed and 
euhedral, reflecting their silicic volcanic origin 
(Folk, 1974). Polycrystalline quartz grains also 
have straight to strongly undulose extinction. 
Crystal boundaries are commonly curved to 
sutured and crystal shapes are somewhat 
elongate and strained, suggesting a metamorphic 
ongm. A minor amount of vein quartz and 
microveins in chert fragments also are present. 

Feldspars (F) form 23% of the framework 
grains (Fig. 2.3 and Table 2.3 in Appendix). 
Plagioclase (P) generally exceeds K-feldspar (K) 
with a mean P/F ratio of 0.6 to 0.8 in most 
sandstone units. Plagioclase compositions range 
from nearly pure albite to andesine (average An 
content 1-40%) using the Michel-Levy method. 
Plagioclase grains are usually fresh, but many 
are partially altered to albite, sericite, clay, 
and/or zeolites. Dissolution of plagioclase has 
locally formed intragranular pores. For example, 
secondary pores formed by plagioclase dissolution 
are common in turbidite sandstones in the lower 
part of the Tyee Mountain Member. K-feldspars 
include orthoclase and microcline as well as 
perthite. They are extensively altered to sericite 
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and clay and display a cloudy appearance. A few 
K-feldspar grains contain thin potassium 
feldspar overgrowths. 

In some units, common accessory minerals 
are muscovite, biotite, and heavy minerals. Very 
coarse to coarse flakes of both muscovite and 
biotite characterize sandstones in the Tyee (e.g., 
Tyee Mountain and Baughman members), 
Elkton, Bateman, and Spencer formations and 
average 5% of the detrital fraction (Fig. 2.3 and 
Table 2.3 in Appendix). Pre-Tyee units (other 
than the Rasler Creek Tongue) generally lack 
coarse mica flakes and contain less than 1 
percent fine sand-sized mica (Fig. 2.3 and Table 
2.3 in Appendix). Large flakes of micas are 
severely bent and crushed due to compaction 
during burial. Many are altered to green 
chlorite. Some micas are partially replaced or 
pseudomorphosed by zeolites that display relict 
basal (001) mica cleavages. Heavy minerals 
include opaque iron oxides (magnetite and 
ilmenite) as well as non-opaque hornblende, 
epidote, sphene and garnet. They comprise 0.4 to 
1.5 percent of framework grain fractions. 
Epidotes dominate the heavy mineral assemblage 
and are most abundant in the White Tail Ridge 
Formation (Fig. 2.3 and Table 2.3 in Appendix). 

Compositional characteristics of sandstone units 

Lower Umpqua Group sandstones (e.g., 
Bushnell Rock and Tenmile formations, and 
Berry Creek Member of White Tail Ridge 
Formation) and upper Umpqua sandstones 
(Remote Member, Coquille River Member, and 
Rasler Creek Tongue of White Tail Ridge 
Formation) are characterized by polycrystalline 
(vein and metamorphic) quartz, a low proportion 
of K-feldspar and plagioclase feldspar, 
monocrystalline quartz, micas, and volcanic rock 
fragments, and high amounts of metamorphic 
and sedimentary (mainly chert) rock fragments 
(Fig. 2.3). These sandstones are compositionally 
submature to immature (Folk, 1974). This 
mineralogy was largely locally derived from 
physical weathering and rapid erosion of 
Mesozoic sedimentary, volcanic, and low grade 
metamorphic terranes of the Klamath Mountains 
during the early Eocene (Burns and Ethridge, 
1979; Koler, 1979; Heller and Ryberg, 1983; 
Ryberg, 1984; Niem and Niem, 1990). The 
rugged Klamath Mountains topography promoted 
rapid erosion (conglomerates are common) which 
removed detritus before extensive chemical 



weathering and clay alteration could occur, even 
in the warm, semi-tropical climate that existed in 
the early Eocene. 

In contrast, the younger strata of the Tyee 
forearc basin (i.e., Tyee Mountain Member to 
Spencer Formation) have a high proportion of 
monocrystalline. quartz, little or no 
polycrystalline quartz, and a much higher 
abundance of K-feldspar and plagioclase, micas, 
and volcanic rock fragments (Fig. 2.3). This 
petrofacies, according to Heller and Ryberg 
(1983) and Chan (1985), reflects greater volumes 
of detritus from more distant, extrabasinal 
granitic sources (e.g., Idaho batholith) and an 
incipient calcalkaline volcanic arc (possibly 
Challis-Clarno volcanics) of eastern Oregon and 
Idaho. The finer grained forearc sand was 
transported via a major river system (i.e., 
ancestral Columbia River) prior to clockwise 
rotation of the Coast Range block (Wells and 
Heller, 1988) through low-lying Mesozoic 
Klamath terranes that contributed little 
metamorphic and sedimentary detritus to the 
Tyee forearc basin strata. 

As a result, Tyee forearc basin sandstones 
(Tyee Mountain and Baughman members and 
Elkton, Bateman, and Spencer formations) more 
commonly plot as micaceous lithic (volcanic) 
arkosic sandstone (Fig. 2.2). They are typically 
fine- to medium-grained and moderately to poorly 
sorted. Some, such as the Tyee Mountain 
turbidite sandstones, are richer in detrital and 
diagenetic clay matrix. Coarser grained 
sandstones (such as those in the fluvial deltaic 
Baughman Member) tend to have more lithic 
fragments (i.e., volcanic) and less feldspar and 
quartz. These rocks plot on Folk's sandstone 
classification diagram (Fig. 2.2) as feldspathic 
volcanolithic sandstone (arenites). In contrast, 
most of the older Umpqua basin sandstone units 
(e.g., Bushnell Rock, Tenmile, and White Tail 
Ridge formations) are coarser grained, are more 
quartzose (due to higher proportions of 
polycrystalline vein and metamorphic quartz) 
and are enriched in metamorphic and 
sedimentary lithic fragments (mainly chert). 
They plot as feldspathic lithic (metamorphic
sedimentary) arenites and wackes (Fig. 2.2). The 
very coarse-grained sandstone and pebbly sandy 
conglomerate of the Bushnell Rock Formation 
plot as lithic (metamorphic-sedimentary) arenites 
and wackes on Folk's diagram (Fig. 2.2) as does 
the finer grained Slater Creek member. Very 
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coarse- to coarse-grained Bushnell Rock 
sandstone and pebble conglomerate contain 
higher proportions of metabasalt rock fragments 
and polycrystalline quartz whereas carbonaceous 
phyllite is more abundant in medium- to coarse
grained Tenmile turbidite sandstone (Fig. 2.3). 
Fluvio-deltaic sandstones in the Berry Creek, 
Coquille River, and Remote members of White 
Tail Ridge Formation also are subarkosic to lithic 
arkosic in composition; they tend to be more 
quartzose and feldspathic than the underlying 
Bushnell Rock and Tenmile formations (Fig. 2.2). 

Heavy minerals in these Umpqua basin 
sandstone units and in the overlying Tyee forearc 
basin units also reflect the two different source 
terrains. Umpqua basin sandstones commonly 
contain large amounts of epidote aggregates and 
epidote-polycrystalline quartz grains, derived 
from the Klamath Mountains metavolcanic and 
metasedimentary units. The heavy mineral 
assemblage in the overlying Tyee forearc strata is 
epidote-poor but contains more zircon, 
tourmaline, and opaque iron oxides derived from 
the Idaho batholith and intermediate volcanics. 

The mineralogy of the Rasler Creek Tongue is 
transitional between Umpqua Group strata and 
the overlying Tyee forearc strata. It consists of a 
high proportion of both extrabasinal intermediate 
volcanic rock fragments, micas, and feldspars 
(both K-feldspar and plagioclase) and locally 
derived Klamath Mountains sedimentary and 
metamorphic rock fragments and polycrystalline 
quartz (Fig. 2.3). 

Textural characteristics of sandstones 

Well-indurated sandstone of the lower 
Umpqua Group (i.e., Bushnell Rock and Tenmile 
formations) is poorly to moderately sorted and is 
composed of subangular to subrounded 
framework clasts (Table 2.4 in Appendix). These 
rocks are moderately rich in clay matrix. They 
are texturally immature and reflect depositional 
processes and environments characterized by 
rapid deposition and burial (e.g., fan deltas and 
turbidites). Most are medium- to very coarse
grained, well-indurated, "dirty", dark gray 
sandstone in outcrop. Sandstones of the Slater 
Creek Member of the Bushnell Rock Formation 
are fine- to medium-grained and are slightly 
better sorted (Table 2.4 in Appendix). Less
indurated sandstones of the lower Umpqua 
Group (i.e., Berry Creek Member of White Tail 



Ridge Formation) and upper Umpqua Group 
(e.g., Coquille River Member and Rasler Creek 
Tongue) are more moderately well-sorted, fine- to 
medium-grained, and cleaner and lighter grey in 
outcrop (tend to have less clay matrix). 
Therefore, these units are texturally more 
mature (Folk, 197 4). The greater degree of 
textural maturity can be attributed to deposition 
in delta front environments that were extensively 
reworked by storm waves and longshore currents 
that winnowed detrital clays and sorted the 
grains. 

The overlying moderately indurated Remote 
Member sandstone and well-indurated 
sandstones of the Baughman Member (Tyee 
Formation) are coarse- to very coarse-grained, 
locally conglomeratic, and more poorly sorted, 
reflecting rapid deposition and burial in fluvial 
and distributary channels and bars with 
infrequent reworking and sorting of the 
sediments by currents (Table 2.4 in Appendix). 
Well-indurated, finer grained turbidites of the 
Tyee Mountain Member and Elkton Formation 
are moderately sorted, rich in clay, and contain 
subangular to subrounded grains (Table 2.4 in 
Appendix). They are uniformly fine- to medium
grained with abundant mica and crushed 
carbonized plant fragments. Wave-dominated 
deltaic sandstones of the Bateman and Spencer 
formations are typically fine- to medium-grained, 
clean, friable, moderately sorted, and texturally 
mature (Table 2.4 in Appendix). Some Spencer 
fluvial to distributary channel sandstones are 
coarse- to very coarse-grained. 

Tectonic provenances and stratigraphic variations 
of sandstones 

Compositional variations of major framework 
grains plotted on normalized discriminant or 
ternary diagrams are a powerful tool for 
deciphering plate tectonic provenance and the 
evolutionary trends of sandstone compositions 
(Dickinson and Suczek, 1979; Dickinson et al., 
1983). In a series of ternary diagrams, Dickinson 
and others (1983) outlined the compositional 
ranges of sandstones derived from various 
provenances. Data for Tyee basin sandstones are 
plotted on these ternary diagrams using different 
symbols to represent each lithostratigraphic unit 
(Figs. 2.4, 2.5. 2.6, 2. 7, and 2.8). The 
lithostratigraphic nomenclature for the southern 
Tyee basin proposed by Ryu and others (1992) is 
used in this study. 
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Umpqua Group sandstones (sequences I 
and II) generally plot in the recycled orogenic 
provenance (e.g., Mesozoic Klamath Mountains 
sources) on QFL diagrams of Dickinson and 
others (1983). Sandstones from the overlying 
forearc Tyee, Elkton, Bateman, and Spencer 
formations (sequences III and IV) plot in the 
dissected magmatic arc provenance (e.g., Idaho 
batholith, Clarno-Challis arc sources) (Fig. 2.4). 
On a daughter-diagram, QmFLt, Umpqua Group 
sandstones are clustered closer to the totallithics 
(Lt) pole (Fig. 2.5). Also, sandstones of the White 
Tail Ridge Formation (Remote Member, Coquille 
River Member, and Rasler Creek Tongue) and 
the upper Umpqua Group (sequence II) are more 
widely scattered, plotting on the recycled 
orogenic, undissected magmatic arc, and 
transitional magmatic arc provenances on this 
ternary diagram (Fig. 2.5). This shift is mainly 
due to substantial amounts of polycrystalline 
quartz and chert in these upper Umpqua Group 
sandstones. QpLvLs diagrams demonstrate that 
Umpqua Group sandstones contain a higher 
proportion of polycrystalline quartz and chert in 
comparison to the Tyee and younger forearc units 
(Fig. 2.6). Point count data on the QmPK plots 
show clustering toward the Qm-P line with 
relatively little K present, particularly in 
Umpqua Group sandstones (Fig. 2. 7). Potassium 
feldspar is more abundant in the Tyee Formation 
and post-Tyee units. Umpqua Group sandstones 
are widely scattered on the volcanic (Lv), 
metamorphic (Lm), and sedimentary (Ls) lithics 
diagram (Fig. 2.8). This is because these 
siliciclastic rocks contain subequal amounts of 
sedimentary and metamorphic rock fragments 
and subordinate volcanic rock fragments (mainly 
metavolcanics). In contrast, Tyee, Elkton, 
Bateman, and Spencer sandstones cluster toward 
the volcanic rock fragment pole; these rocks 
contain lower proportions of sedimentary and 
metamorphic rock fragments. 

These compositional changes in the Eocene 
sandstones are reliable indicators of tectonic 
reconfiguring of the basin as well as tectonic 
events in the source areas. Lower Eocene strata 
(i.e., Umpqua Group units) which have been 
interpreted as forming in a subduction zone and 
marginal basin were derived from recycled 
orogenic, transitional, and undissected magmatic 
arc provenances. The overlying middle to upper 
Eocene strata (i.e., Tyee, Elkton, Bateman, and 
Spencer formations) formed in a forearc basin 
and consist of detritus eroded from dissected and 
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undissected magmatic arc provenances (Snavely 
and Wagner, 1963; Baldwin and Perttu, 1980; 
Heller and Ryberg, 1983; Snavely, 1984, 1987; 
Wells and others, 1984; Wells and Heller, 1988; 
Ryu and others, 1992; Ryu and Niem, 1993). 

Heller and Ryberg (1983) also recognized 
major changes in sandstone composition. The 
lithic sandstones of the lower Eocene Roseburg 
and Lookingglass formations (Umpqua Group of 
Ryu and others, 1992) were derived from the 
uplifted orogen1c Mesozoic Klamath Mountains 
terranes during syndepositional subduction and 
accretion of the Umpqua basin. The overlying, 
less deformed micaceous lithic arkosic (mainly 
volcanic) sandstones of the Tyee and Coaledo 
formations (middle and upper Eocene) were 
sourced from the Idaho batholith and from 
Clarno-Challis arc before the Oregon Coast 
Range and Tyee basin were rotated (Heller and 
others, 1985; Wells and Heller, 1988). 

Resolution of lithostratigraphic problems 

The differences in sandstone composition 
among the Eocene units also verify the new 
geologic mapping and lithostratigraphy of the 
southern Tyee basin established by Molenaar 
(1985), by Ryu and others (1992), and by Black 
and others (in prep.). In previous mapping, 
Baldwin (1974), Baldwin and Perttu (1980), and 
Niem and Niem (1990) depicted lateral 
equivalence between the deltaic facies of the 
Flournoy Formation (now called White Tail Ridge 
Formation) in the type area and the turbidite 
facies of the Flournoy Formation which crops out 
throughout the central Coast Range north of 
Loon Lake. They restricted the Tyee Formation 
to south ofthe Elkton-Loon Lake area. Chan and 
Dott (1983) and Heller and Dickinson (1985) used 
this definition in their reconstructions of the 
Eocene Tyee/Flournoy deltaic-turbidite 
depositional system. 

However, recent field mapping (Black and 
others, in prep.) and lithostratigraphy (fence 
diagram of Ryu and others, 1992) show that the 
turbidite strata north of Loon Lake are part of 
the Tyee Formation (i.e., Tyee Mountain 
Member). This new mapping and litho- and 
biostratigraphic studies (e.g., Molenaar, 1985; 
Ryu and others, 1992; Ryu, 1995) show that 
Baldwin's (1974) type Flournoy (now called White 
Tail Ridge Formation) is a deltaic facies that 
pinches out northward into mudstone of the 
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upper part of the undifferentiated Umpqua 
Group. These deltaic strata are not 
lithostratigraphically equivalent to the turbidites 
north of Loon Lake. 

Thin sections of sandstone and conglomerate 
from the type area and type section of the 
Flournoy Formation reveal that these strata are 
non-micaceous, lithic (metamorphic and 
sedimentary) feldspathic arenites and wackes. 
They contain large proportions of polycrystalline 
quartz and only a few volcanic rock fragments 
(mostly Klamath-derived epidote-bearing 
metabasalt). In contrast, turbidite sandstones 
north of Loon Lake are much finer grained, richer 
in clay matrix, micaceous (very abundant, coarse 
flakes of muscovite and biotite) volcano-lithic 
arkoses. These turbidite sandstones are identical 
to the fine-grained, micaceous Tyee Formation 
sandstones at Tyee Mountain in the type area 
and along the Umpqua River south of Elkton and 
Drain. 

Sequence stratigraphic implication 

Sandstone compositions in the southern Tyee 
basin are controlled mainly by change in 
provenance and plate tectonic setting. Since the 
changes in provenance are basinwide and largely 
synchronous, compositional variations in the 
sandstones are also useful for regional correlation 
of stratigraphic units (Ingersoll, 1983). 
Moreover, application of sequence stratigraphic 
concepts in regional correlations can provide a 
more sophisticated interpretation to the 
compositional variations in the Tyee basin 
sandstones based on the relationship between 
sedimentation, eustacy, and tectonics. 

Recent studies by Ryu and others (1992) and 
Ryu and Niem (1993, 1994) using sequence 
stratigraphic concepts of Van Wagoner and 
others (1990) indicate that Eocene strata in the 
basin consist of four third order depositional 
sequences numbered I to IV. Each depositional 
sequence is locally bounded on the basin margin 
by unconformities and by the correlative 
conformities toward the basin center. A sequence 
generally begins with a lowstand systems tract 
(LST) (either a prograding deltaic wedge and/or 
incised valley fill and/or slope-fan and basin-floor 
fan), overlain by a transgressive systems tract 
(TST) (typically a backstepping lowstand deltaic 
wedge and slope-fan with major marine flooding 
surface), and capped by a highstand systems 
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tract (HST) (typically a prograding wave- to tide
dominated delta). 

Depositional sequence I includes the lower 
Umpqua Group (slope-fan to basin-floor fan), the 
Bushnell Rock Formation and the Slater Creek 
Member (incised valley fill and prograding deltaic 
wedge of a lowstand systems tract), the Tenmile 
Formation (a backstepping slope-fan and a 
transgressive sy$tems tract), and the Berry 
Creek Member of the White Tail Ridge Formation 
(a prograding delta of highstand systems tract). 
Depositional sequence II consists of the upper 
Umpqua Group (slope-fan to basin-floor fan), the 
Remote Member (an incised valley fill), the 
Coquille River Member (prograding and 
backstepping deltaic wedge), the Camas Valley 
Formation (transgressive systems tract), and the 
Rasler Creek Tongue (a prograding delta of a 
highstand systems tract). Depositional sequence 
III consists of the Tyee Mountain Member (an 
incised valley or canyon fill, slope-fan, and basin
floor fan) and the Hubbard Creek Member (a 
transgressive systems tract and outer shelf/slope 
mudstone with nested channel sandstones of a 
highstand systems tract). Depositional sequence 
IV contains the Baughman Member (a 
prograding deltaic wedge), the Elkton Formation 
(a transgressive systems tract), and the Bateman 
and Spencer formations (prograding wave
dominated delta of a highstand systems tract). 

Our detailed comparison of the relative 
abundance of major framework grains in each 
depositional sequence provides further 
explanation of the variation in sandstone 
composition due to changes in rates of 
sedimentation, depositional environment, 
eustacy, and tectonism within the basin as well 
as in the provenance. Sequences I and II 
(Umpqua Group lithic petrofacies) are primarily 
composed of polycrystalline quartz, metamorphic 
rock fragments, and sedimentary rock fragments 
(Fig. 2.3). Sequences III and IV (Tyee and post
Tyee lithic arkosic petrofacies) typically have a 
higher abundance of monocrystalline quartz, K
feldspar, plagioclase, volcanic rock fragments, 
and micas (Fig. 2.3). This petrofacies change 
supports the interpretation of a regional change 
in provenance from a local Klamath Mountains 
source to a more distant Idaho batholith-Clarno 
volcanic arc source (Heller and Ryberg, 1983). 
Furthermore, the composition of framework 
grains varies systematically from the LST to the 
HST in each sequence. These compositional 
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changes reflect the varying competence of 
transport processes in lower energy 
environments (in the LST) compared to high
energy depositional environments (in the HST) to 
sort, winnow, and abrade grains. 

For example, monocrystalline quartz grains 
are relatively abundant in HST sandstones (e.g., 
the Berry Creek Member, Rasler Creek Tongue, 
and Bateman and Spencer formations; Fig. 2.3). 
However, the abundance ofpolycrystalline quartz 
grains generally decreases from the LST to the 
HST. The relative increase of monocrystalline 
quartz grains in concert with decrease of 
polycrystalline quartz grains within a 
depositional sequence reflects that 
polycrystalline quartz grains are more effectively 
abraded and destroyed by the higher energy 
processes (e.g., waves, tides, and longshore 
currents) that are prevalent in the HST 
depositional environments (e.g., wave-dominated 
delta). This results in concentration of 
monocrystalline quartz grains in HST 
sandstones. 

The proportions of K-feldspar and plagioclase 
in these sandstones may be controlled either by 
the relative abundance of those feldspars in the 
source rocks or by depositional and weathering 
processes. Feldspars are most abundant (up to 
35% of detrital fraction) in sequences III and IV 
(Fig. 2.3 and Table 2.3 in Appendix). The 
substantial increase of feldspar abundance from 
sequences I and II to sequences III and IV is 
compatible with the regional change in 
provenance (Figs 2.4 and 2.5). However, no 
systematic variation of feldspar abundance is 
recognized within any of the sequences (Fig. 2.3). 
This suggests that the abundance of feldspar is 
more effectively controlled by rock types and by 
weathering processes in the provenance than by 
reworking processes within the basin of 
deposition. 

The abundance of volcanic rock fragments 
decreases toward the HST within sequence I (Fig. 
2.3). Sequence II shows a similar decrease of 
volcanic rock fragment abundance, but the HST 
in sequence II (the Rasler Creek Tongue) 
contains many volcanic rock fragments (up to 
20%). The HST is usually characterized by a 
higher concentration of quartz (i.e., 
monocrystalline quartz) due to prolonged 
reworking of the sands by high-energy 
depositional processes (e.g., waves). The higher 



concentration of volcanic rock fragments in the 
Rasler Creek Tongue, for example, probably 
reflects the contribution of a developing volcanic 
arc provenance (e.g., Clarno-Challis volcanics) 
before deposition of sequence III (e.g., Tyee 
Formation). Wells and Heller (1988) 
demonstrated that the southern Oregon Coast 
Range started to rotate clockwise approximately 
at this time (49 Ma). Paleomagnetic data 
indicate that rotation was accompanied by 
change of tectonic setting from subduction and 
accretion of the Umpqua basin strata to forearc 
basin subsidence (Heller and Ryberg, 1983). 

A systematic variation of proportions of 
volcanic rock fragments (both in composition and 
in texture) also appears within sequences III and 
IV (Fig. 2.9). Intermediate volcanic rock 
fragments with porphyritic texture (plagioclase 
phenocrysts) are much more abundant in the 
LSTs (e.g., the Tyee Mountain Member and the 
Baughman Member; Fig. 2.9). This type of 
volcanic rock fragment dramatically decreases 
toward the HST (e.g., the Bateman and Spencer 
formations; Fig. 2.9). In contrast, intermediate 
finely crystalline volcanic (lava) rock fragments 
with pilotaxitic textures are less abundant in the 
HST sandstones, but greatly increase (up to 60%) 
toward the HST (Fig. 2.9). The proportion of the 
two textural types of volcanic rock fragments in 
these sandstones is a result of variations of lava 
composition and textures in the provenance and 
energy of the depositional processes. For 
example, prolonged high-energy processes, such 
as waves, preferentially destroy less abrasion
resistant pilotaxitic volcanic grains. 

Metamorphic rock fragments are less 
abundant in the HST than in the LST of 
sequence II, although this change is not apparent 
in sequence I (Fig. 2.10). This may be due to the 
relative abundance and varying hardness of 
different metamorphic rock fragment types in 
each sequence. Abrasion-resistant 
metaquartzite, quartz-mica schist, and quartz
mica-feldspar aggregates are more abundant in 
the coarse-grained sandstones of sequence I, 
whereas sequence II contains more clasts of 
softer phyllite, sheared graywacke, and epidote
quartz greenschist. Sedimentary rock fragments 
are more abundant toward the HST (e.g., Berry 
Creek and Coquille River members). The higher 
abundance of sedimentary rock fragments in the 
HST is mainly due to the concentration of 
abrasion-resistant chert in sequences I and II 
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(Fig. 2.3). It is concentrated by constant 
reworking by wave and tidal processes in these 
wave-dominated delta front sands as softer 
metamorphic and sedimentary rock fragments 
are preferentially destroyed. 

The compositional variations of the detrital 
framework grains in the sandstones reflect the 
variety of tectonic settings, the predominant rock 
types in the source area, and the dominant 
transport and reworking processes operating in 
the basin of deposition. Within a depositional 
sequence, LST sandstones (formed in lower 
energy environments; such as, alluvial and 
submarine fans) contain more, chemically 
unstable framework grains, such as volcanic and 
metamorphic rock fragments and polycrystalline 
quartz, compared to HST sandstones that were 
deposited in higher energy depositional 
environments (e.g., beaches). Since an LST is 
created by a rapid fall of relative sea level, much 
of the continental shelf is exposed during that 
time. Alluvial fans, rivers and submarine 
canyons are locally incised into the exposed shelf 
and upper slope. Lithic sediments derived from 
the surrounding mountainous tectonically active 
source terranes are rapidly transported by 
gravity transport processes (e.g., debris flow and 
turbidity current) through sea gullies and 
submarine canyons to form a basin-floor fan. 
Due to rapid burial and lack of further 
reworking, these lithic-rich sands are 
compositionally and texturally immature. 

HST sandstones are characterized by a 
higher concentration of abrasion-resistant quartz 
(i.e., monocrystalline quartz and chert) and 
feldspar as framework grains, compared to LST 
sandstones. During highstand sea-level stage, a 
deltaic depositional system is well-developed and 
actively prograding onto the shelf because the 
rate of sedimentation exceeds the rate of 
accommodation (Posamentier and others, 1988). 
Softer and chemically unstable framework grains 
(e.g., volcanic and metamorphic rock fragments) 
are more effectively abraded and destroyed by 
waves, tides, and longshore currents during 
progradation of wave-dominated deltas. 
However, a high influx of chemically unstable 
framework grains (e.g., volcanic rock fragments) 
due to an abrupt change in the provenance may 
be recorded as an unusual concentration of 
unstable framework grains even during HST 
deposition. This suggests that the patterns of 
sedimentation and sandstone composition can be 
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Figure 2.9 Compositional variation of volcanic rock fragments in Sequence III 
& W. (LST=Lowstand Systems Tract; TST=Transgressive Systems 
Tract; HST=Highstand Systems Tract). 
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Figure 2.10 Relative abundance ofrockfragments types in Tyee basin sandstones. 
(LST=Lowstand Systems Tract; TST=Transgressive Systems Tract; 
HST=Highstand Systems Tract; Lv = Volcanic Rock Fragments; 
Lm =Metamorphic Rock Fragments; Ls =Sedimentary Rock Fragments). 
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normally affected by relative changes in sea
level, but the composition of sandstone is more 
strongly controlled by tectonic uplift in the 
provenance, where tectonic factors greatly exceed 
eustatic effects in the depositional basin (e.g., the 
Rasler Creek Tongue; Ryu and others, 1992; Ryu 
and Niem, 1993, 1994). 

• Diagenesis 

Sandstone diagenesis for some Eocene units 
in the Tyee basin has been previously described 
by Bums and Ethridge (1979) ~nd Chan (1985) 
and briefly discussed by numerous MS theses at 
the University of Oregon, Portland State 
University, and Oregon State University (see list 
on compilation map in Niem and Niem, 1990). 
This section summarizes the previous 
investigations and elaborates on the diagenesis of 
sandstones and conglomerates in the Tyee basin 
units based upon our regional study of 70 
additional thin sections. 

Sandstones in the Tyee basin display a 
variety of diagenetic features in thin section and 
under the scanning electron microscope which 
reflect the effects of seven diagenetic processes. 
These processes are: (1) mechanical compaction, 
(2) alteration of framework grains, 
(3) cementation by zeolites, quartz, and feldspar 
(4) formation of authigenic clay minerals, 
(5) dissolution of framework grains and formation 
of secondary porosity, (6) late-stage calcite 
replacement, and (7) other diagenetic effects (i.e., 
detached clay coats). 

Mechanical compaction 

Mechanical compaction is the main 
diagenetic process that has reduced porosity and 
permeability in Tyee basin sandstones. 
Mechanical reduction of primary pore space 
during shallow burial included minor grain 
rotation and readjustment to a more stable grain 
packing. Deeper burial of the older stratigraphic 
units has resulted in more extensive compaction 
and deformation of framework grains and a 
greater reduction of primary intergranular pore 
space. The effect of compaction is most strongly 
displayed by ductile coarse mica flakes, 
particularly biotite and chlorite. These grains 
are elongate, straight, undeformed to slightly 
warped in the shallow-buried sandstone units 
(e.g., Spencer and Elkton formations). Grain 
boundaries between framework clasts and lithic 
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fragments in the younger shallow buried units 
are delicate point or straight, and large 
intergranular pore spaces remain. Mica flakes 
are increasingly bent and contorted or crushed 
between brittle framework grains, such as quartz 
and feldspar, in more deeply buried lithic
feldspathic sandstone units (e.g., Baughman and 
Tyee Mountain members) (Fig. 2.11). Carbonized 
wood and ductile rock fragments, such as 
carbonaceous phyllite, mudstone, and clay
altered volcanics, have also deformed plastically 
and flowed into remaining primary intergranular 
pore space to form pseudomatrix in deeper-buried 
lithic sandstone units (e.g., Bushnell Rock, 
Tenmile, and White Tail Ridge formations). 
Sutured and interpenetrating to concave-convex 
grain boundaries between brittle mono- and 
polycrystalline quartz grains resulting from 
pressure solution and lithostatic compaction are 
common in the deepest buried sandstone
dominated units of the lower Umpqua Group 
(Fig. 2.12). 

Alteration of framework grains 

Diagenetic products resulting from alteration 
of framework grains vary among sandstone units 
in the Tyee basin due to primary compositional 
differences. Alteration processes include 
zeolitization, albitization and partial dissolution 
of plagioclase, and alteration of lithic fragments 
to clay minerals. 

Albitization of plagioclase is characterized by 
a dusty to mottled appearance of plagioclase 
grains in thin section. It is extensive in the 
feldspathic Spencer, Bateman, Elkton, and Tyee 
formations. Some plagioclase clasts are partly 
replaced by authigenic mixed-layer 
chlorite/smectite clay or authigenic zeolite. 
Albitization has been documented as an 
important reaction in the diagenesis of 
feldspathic sandstones (Boles, 1982; Gold, 1987; 
Milliken, 1988). Albitization is closely associated 
with crystallization of authigenic zeolites in pore 
spaces in feldspathic sandstones (Helmold and 
Van de Kamp, 1984). Other alteration products, 
such as sericite, are associated with albitization 
of plagioclase clasts. 

The groundmass of glassy lava fragments is 
commonly altered to smectite clays. Lath-like 
plagioclase microlites and phenocrysts are 
surrounded by a groundmass of clay minerals. 
Other formerly glassy clasts (e.g., pumice, 



Figurt 2.11 Photomicrograph tJ{ •oaltan/<u/IJ cont/H'tcd ond cruJAtd, rlongot~ ffiJUCoviuflokt (M) 
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Figurt 2 /2 Photomicrograph of anJMIIv 10 )aggtd. 1110110- tuJd polyerystolliat qwtrt: (Q) aNI clttrt 
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amygdule•, or rare shards) are aeverely altered 
and eompaeted to elongate greanioh fibrous 
celadonitAI, iron-rich mned.ito and ehloritAI eiJIY&. 

Diagenetic zeoBtes, siliea, feldspar, 611d 
calcite o.rc the main cements in Tyee basin 
I!&Ddstones. These cementa ocoor Bl overgrowth• 
and as extensive pore·fillinga. Some partially 
replace framework grains 611d UJ.bie fnlgments. 

(i) Zeolites: Authigenic seoBtea include 
beulandlte/c\inoptilolite and laumontite. Th...., 
occur as extensive pore-filling cements and minor 
replacements ofJrnmowork .graina in aandstones 
of the Tyee Formation. 

Reulandite/elinoptllolite is l'l!<!ognised only in 
sandat,onee in the ullper part of the BaughmaJ'I 
Memb6r. Heulandite/clinOlltilolit.e hu been 
commonly reportA>d aa an alteration product of 
glassy "Juts in volcanogenic aandstones and 
lll!)18)ly occurs as authigenic minute coffin· 
slutp<ld crystals to prismatic crystal aggregs.tas 

(leu Lhan 10 ~o~m in eiu) Lbst partially fill 
primary intergranular pore space (Boles and 
Coombs; 1975; Sa:rdam and .Boles, 1979). ln the 
Baughman Member, this zeolite io present 
mainly aa a lata-stage pore· filling cement without 
obvioUll giiLill precu.raors (Fig. 2.13). 
Heulandlte/clinopl:ilolit.e eements post.-clate early 
fo11Jied ameetitAI clay coaWrims in these 
sandstones. 

LaumontitAI is aommon aa a poTtl·filling 
cemmt and-replacement min"'"al of plagioclasaJn 
sandstone in moat of the Tyee Formation. 1n 
lower Baughman oandstoMo, laumontite cement 
completely fiBs the remaining large primary 
inLe:rgranular pore spaces.. Tbe:se pore spaces 8l'8 

also commonly lined by thin rsdlating fibrous 
gr..,niah 111116Cltite and corrmsite clay coati! or rim 
cement.. Thi• te."ctural or parqenetic relationahip 
indicates that pore-filling laumontite post-dated 
the earlier formed diagenetic emeetite/correMite 
clay rim cement.. However, it is not clearly 
evident that heulanditelclinoptilolite cement pre
dated pono·filling laumontite aamen~ because 
they largely occur in sepsratAI sandstones of the 
Baughman Member. VertiaeJ •tnll.igrallhic 

Flgurt 2./J 1/lgh mDgniftcalion ojO<V clay coalS (wrlj burla/1/agt; dart liM and t/Uck,ftbroJU 
Slfl4Ctitt(S)) thtu rim angular and roiUid~dfrq~~>noJOrk graJnt. Cltrj coauji/1/nward toward thr 
ctllltr t1/ ato~r. largt. primary inttrgr/Jllular por<. Cc.tu of por• /sfl/ltd with IIJiu srogt 
grarwbla.sdc hulondltdcllnoptlloUil contN (low blrt/ringl!llct). Bauslvnan Mtmb<r, Samplt 
RN·91_.01, UO:J.std nlcol.r, lOX, .trait bar~ 0.2 mm. 
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ditt.ribution of th"'e uolites suggeata that pon>o 
filline laumontite cement poat-dated 
beulandlteloUnoptllollte co:monl although some 
are nearly coeval Chan (19811) and thia atudy, 
for uampl... found heulandltelclinoptilolite 
cement only in ahallow-buried uppeT Baughman 
and Bateman aanchtones of sequence IV. 
Laumontite cement iw well-developed on the more 
deGPly buried oandatooes af the lower Baugbm.an 
and Tyee Mount.ain membera of aequanceo m 
end IV. However, thoro is some ovtrlap of the 
atrat.igraphic dutdbut.ion or heulnd.itef 
clinoptilolite and laumontite cemanta aa 
damonetrated by oome Baughman aandotone 
beda in which aome pores are filled with 
heulanditelclinoptilolite wbJla other poru are 
I!Ued with laumonllte. BoiJ!JL JLOd Coombe (1978) 
ahowed that laumontite cement Ia typically more 
ttable tbermodynounically than heulJLnd.itaf 
clinoptiloUle JLnd gradually replaced heu.landit.el 
clinoptllolite in more deeply burial Triauie
Jurastic volcanic roclca of the Southland 
Syncline, New Zealand. 

Laumontite replacement ohowt two 
diatinetive mod .. or oocurrence· replacement of 

earlier fanned amec~tite and corrensite clay rim 
cements and replacement of detrital framework 
gralna. Laumontite replacement or early 
amectlte and corr,.niite clay rim cementa it 
relatively rue in Baughman aandstonea. 
However, downeection, le.umonUte replaced both 
Mrly·atqe clay rim cementa and 1-stage clay 
pore-fills !Fig. 2.1•). Some relict elay rill'l 
textures are partially preoarved as thin dark 
linings. Laumontite replacoll'leltL of framewGrk 
graino varies from patchy alteration within a 
frall'lework fiTAin to complete roplacemont JLnd Ia 
tbe moet. common mod• of occurrence or 
laumonUte in Tyee Mounta in Mt<mber 
oandat.onu. Patch.,. of laumontite are ue.ue.Oy 
round ..,thin deLI'ital ple.ciocl.ue grain• (Pic. 
2.15) but ua alao common In volcani• rock 
fre.gmenll. Complete repl~W>menl of fra:mawork 
graine occura in the lower part or the Tyee 
Mountain Member. Textural or paragonotic 
relotionahipa between framework graina and ciS)' 
rim cement replall4.ment by laumontit.e e.re not 
evident In Individual thin aectiom, but their 
vertical tlra4igraphie diJtn"bul.ion ougguts that 
replacement of smectite and eorrensit.e clay 
coe.tafrim cementa occur& prior 1.0 reple.oement of 
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FfiiiTt 2.14 PN>tomkro&roph of /munoiU!tt ILJ rtl11011 thot portiolly rtp/1Jrujil1rous -cdldcvmrsm 
/'1m et,...nu. £arfj" Jlllgt thl!o c/aJ coat {dtri liM) tltatiUIU pou bolllliiDrlt$ G/'IHtli'IU> ~ 
wwf!trttd by the la_,dtt rtpluc.-/11, SMIIt.Jtlng sUgltl dl/[cnN:a In chtii'Uca/ 
composlt/011 ~-tn tht tJun COlliS l1lld tAt lottr stagt lriiNt Olttrsi>'cfibroMS, pore:filllng clay 
rim ctm~nts. Tilt latu &tag< xmrcdtclcorrt .. ritt {>e) port•Jilling wnotts art partially 
prtstrVf!d In tire etnltr Q/ ports. Buu&hman Mlllt/1.,., Somple RN-91·//j, plant·polorlud 
Jig hi, /OX, $Ct21t b<Jr a 0.2 IM• 



Fll"'' 2./S Whitt. fHU<hy ktiUIIOilliit (LJ (low blrtfrlogt~~«) r<p/aclog albiJ<-~•'illlltd cal< I~ 
plall«ltUe bo Tytt Mtwllala ltublditt 1011ds1ont. Sllmplt RN-9HJZ/, uosstd 
ltirols.1(])(,1C<Jlrb<r= 0.2-. 

Fllurt 2.16 Mu.rcovltt (M)f/akL partially rtpJDCtd bylallmoltlllt (1.~ Nott 1M ttUIJ. darl: StN<littl 
co•m•sllt days tllal havt attfi.SII't/y llf/!Utd boJutraalikJr paru and lttn't ctoutd port 
throau bth<'ttll aoglllar fr111NWt)('t trailu off</4spar and 1-o/CIVI!t: rod frQIIMifU, <POd 
(j/<cm'tly dutroJtd ..,Jt ~ paros/J7. T)ct Motutllll• Mt:mbu, Samplt RN-90-184, 
cro$SOJ lllcoll. lOX. scalt bar • 0.2 ..... 

87 



detrital framework grain•. LaumonLite and 
Aoricite....., al110 found aa diapladve patehoa along 
the cleavagu of detrital mica Oaket in all the 
"l)>ee oandttonu (Fla. 2.16). 

Bllml and Ethridge (1979) repon.ed thaL 
zeolitu are prt"nt u pon-fill cementa in 
Umpqua tandtLODOI or sequence• I and n. 
However, our petrographic lnvettiJatioo 
indicates that, Ina teed or zeollt.e cement.!, quertz 
cement eod quartz overgrowth• ant porvaalvo In 
Umpqua l!lndat.one un;te. Scanning olectNn 
mic:roacope ltu<ly u.tinc oleetron clioporslve JC.n,ya 
allows that theM ovugrewtha and cemsnu an 
exehmvely eompoaed of silieon with no Ca, Na. or 
AI cation• tuch u fo...nd in zeoliLt cements 
higher in the aeetion in l&qU81lCU rn and IV. 
This discrepancy may partially tl.om from o 
mieeorrelation or Utho•tratigrapl•y in tho beein. 
In opi..., or thia dl .. r<lperu:y, the poulblllty of 
UlOlite cement in the lower UmpqWI eendAt.OOea 
c:ould not be ucluded bee&""" uolite cement it 
ll8Ually formed by in aitu rock·fluid ru<bon in 
eendatone containing ebnrulant volcanic rock 
fragment.. Some lower Umpqua oendat.onu 
(e.g., Bushnell Rocl< FonnaUonl hove a 
•ub.t.ant.ial amounL of metavolcanic rock 

fn~gment&. tr this is tho cue, laumontite pore· 
fltllng cement may be locally developed in some 
eendat.onea by in situ. reaction betwe<On volcanic 
rod• frqmentl and por·e Ouida in the town 
Umpqua oanc!AoneL 

(ii) Quartz: Qua:rt& cement .. eommno only in 
UmpqWI 1811datonoa of saquenceo I and ll. It 
occurs aa overgrowths tha~ an u.aually aeparated 
from the detrital qwutz boat gralna by v•ry thin 
duot rima and/or early formed diagonetie clay 
eoata. The overgrowth• abow optical 
diac:onlinuila' and a different utind.ion position 
from tho boat grains in croued nic:ol&. Many, 
however, lack any dllferantiation from the 
detrital grain and are aolely recognized by the 
preaeneo of euhadrsl hexagonal CT)'Ital faceo 
projt~Gllng into the pore opace (Fig. 2.17). In 
upper Umpqua aandatonoa of sequenoe II (e.g., 
HuitT Creek Tongue) wher• oomo prima:ry and 
lleC40!dery poroeity ant pre.111rved, minor euhadral 
indiVIdual quartz cryll.al. occ:ur in por-es. Traeea 
of early formed quarto oveTJ7owtho may be 
denroyad in aome deeper-buried Uml)qna 
andat.onea of oequmeea I and ll where effect& of 
pteAure eoluUon are exblnaive. 

FIIUT< 2J7 SEM p/>tJIIJm/crogrop/1 q{ uc<JIIIiary quont over1rowrh (Q). Euhi!drol quartz cry.rols 
-rg•ow and 1.-ojectllt/o pot< spactr. Flntr flbroou crysro/s of corronslto (C) t:l.w 
ar• pr<tenr IU P<W-fllllng <lay"''"'"'' (/lnt.lwntycomb-twur•J. Rtnwrt M•mb<r, 
$/J:mplt RN-90-267 &u sooltls 100 microns. 
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FlgiU't 218 Single crystal of qUlUtt (Q) ~nt compi<Jt/y infills ami oblittrut<tlargt primary 
lnttrgrtJitulor pore ~twt<n volcanic rockfra8"J<111 (Lv) and chm (C) in sandnOilt of 
tht Raslu Cruk Tung!Ul. Somplt R-92.024, uosud llico/.<, /OX. seal• bar~ 0.2 mm. 

Quart>: cement u present as uniform sincle 
ceyst.al pcro·fillinga and as multiple etyst.al pcre· 
fillings (Figs. 2.18 and 2.19). Optically single 
etyat.al pore-fillings are much more common t.han 
poly(!f)'etallin.e qua.rtz cement in the Umpqua 
t1811da~ones of &eqWlllcc• I and ll. Polycrytrt.alli.ne 
quartz cwnent ia lll!8ociated with oarlier formed 
t:hin fibrous eorrenolte clay coats and has ooon 
observed only in nuv;al aendstones of the Remote 
Member of eequonce fl and fan delta. pebbly lithi< 
&andst.ones IU!d conglomerat<ls of the Bushnell 
Rock For.mation of Sequence I (Fig. 2.19). These 
clay• may have originated during burial from 
infiltration of detrital clay minerals which 
!UbsequenLly reeeystallized to early diagenetic 
llbrous clay radiating away from the clay rim 
boundary. On the other hand, monocrystalline 
quartz cement i• present in pare, that lack thin 
clay costs or rim cement and mainly occ:uro In 
mare fhldspathic delta front aandstones. In delta 
front environment:e, dotrital clays are effeatively 
winnowed out and rock fragments .,.. a.brad"d 
and destroyed by prolonged strong waves and 
tidal action (Fig. 2.18). 

The form of quartz cemen~. whether 
monocryatallin.e or polycryoLalline, m~ be a 
function of the permeability of the sandstones. In 
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nnv;al and fan delta anndstones. thin, ·early 
diagenetic. nearly opaque, well-developed elay 
eaat6 and tim comants in pore throats creaUy 
reduce primaey permeability and effective 
porosit.y. Clay coats and rim ccune.nta could 
retard tbe oontinuous &upply of silicon oatione to 
larga pore gpaceBhy bloeking the migration pathe 
of pore Ouida, tbus, inhibiting fortrultian of large, 
continllOUS pb888 single etystsl pore-fillings. In 
the cleaner delta front sandstones, &Wlb as th.e 
Coquille River Member of &eqWlll<O ll, clay ooats 
are abosent or inaignifleant; and greater volumss 
of Ailica-&a.turated pcre Duid oould migreta freely 
through these sandston""· Under those 
conditions, a oontinuou. supply of ailioon cations 
would now through pores, and large uniform 
single-ceystsl quartz pore-fillings oould form (Fjg. 
2, 18). Therefore, it is inferred t.hat rut.ardation of 
silica-bearing pore Duida may remlt in multiple
crystal quartz pore-fillings in sandstones thllt 
have low ll&rmeability and poroaity. 
Altamatively, tha minute gpaces between fibers 
of tha earliar formed corre.naita clay rim may 
have provided abundant nucleation sites far 
growth of multiple-crystal quartz pore-tillings 
from a limited supply of silioon-saturatad pore 
Onida. 



Figun 2J9 Multiple <ryltab of quartz (Qigmv ln,.vurJ{rom thln,fibroS<S, torrouitt cltry /lnJng 
ctftl!lll (dOI'k line) ond /rjllltd centtrofinurgrmudar por•ln tightly e<Jrlt'.nttdflolial 
ciwM<I sami<wnt of RorvJft Member. Somt tarlltt formtd dlagt~~tdc corrtn$it< 
clay co<m bt~Qme titllll:lttd and.,.,. brohlc (lll'row) dorilog compaction and 
SllbsequtJll/y tn;u/ftd allll ctlfltrlltd by tilL lntu S/Dgt por..,filllng polycryslfJillnt 
quarr: ctm~nt. Rm101< Metrlb<r. Saltoplt R-8').a)2, p/ant-polarirtd light, lOX •. «:olt 
bor~0.2mm. 

(iii) Feldspar: Authigenic feldtpar oceurt ao 
minor K· f.,ldapar and plagioelue overgrowths in 
some intewanular pores. Those authigenic 
mioerels ara present in Spencer and Bateman 
aan<Utonas, but are rero. The overgrowth.. 
display • marked optical diSCOIItinuity with tho 
h0$t feldspar grain of the 118ma eompofril:ion and 
ere up to 0.01 mm thick. Moa~ feldspar 
overgrowth• are not perceptible in thin seetion 
due to their thinneSI. 

Clay minerals (<2!nn) identified in~ beain 
sandstones by X-ray diffraction (XRD) and 
I!C•nning ele«ron microscope (SEM) analysis are 
mainly 1meotite, correnslte (mixed·layar chloritef 
~~meetite), and minor chlorito, 118rpentine, and 
mica (Fig. 2.21). The olay-siz.ed micM and 
chlorite are largely detrital in oril:iJl (i. e., 
auebed metamorphic lithic• and/or coanse Oak_e,; 
of mica} becauae they ahow sharp, loall pub in 
XRD patterns (Fig. 2.21) (J, R. GlaalDJltUI. 1994, 
pal'!l. commun.). Det'ribll muscovite, biotite, and 
cnlorite llJ'O abundant 118 fine to coarse flakes in 
the RaaleT Cr1>11k Tongue end younger sandstone 
unib (e.g., Tyee Fcu:matiml) ofMqwmce& ffi and 
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IV, In older Umpqua ~andstone units of 
seqwmees I and II, very fino dalrital mica and 
chlorite aro presont in the abundant 
metamorphic nnd sedimentery rock fragmao ts. 

The smectite (S) and conensite (mixed 
chlorite/smectite, CIS) appaar to be IMgely 
lllltbigenic, baaed upon their waU-ayatalliz.ed 
forma. These alay minenl• form greenish to 
groen-b'rown clay eoaUI/rlma and pore·lllling 
cemaols (Figs. 2 .. 20 and 2.21). In tho Tyee 
Porm•tion_, ro,. example, authige.n.ie 
ameotitelcorrcn&ite ie pr118<mt in throe textnral 
forma baaed npon thin section paragenetic 
relationship$ {Chan, 1985): (1) very thin, dark 
dust rims, poslribly f()Tillod by inftltrated detrital 
clay during early burial (Fig. 2.13); (2) thicker 
rims of later ala!JO, woU-cryetallli.ed. fibers of 
amectitelcorrensite that are odonted 
perpendicular t.o the bcundariu of framework 
greine (Fig. 2.131; and (3) late·atege random\)' 
crienb>d, gr&eoish 'brown eryolela that infill the 
centera or larger intergranular J)<>l'tll (Fig .. 2.14}. 
Tbue earlier diagenetic, authigenic claya or& 
reapon&ible for deatroying much of the primary 
intorgranular porosity and permeability, 
parl.icularly in sequence• liT and IV. 



Semi-quantitative analysis of X-ray 
diffraction patterns of 20 Tyee basin sandstones 
by Jeff Schatz and Jim McConkey (OSU 
undergraduate students) shows that the 
abundance of smectite decreases downsection 
while the abundance of mixed-layer 
smectite/chlorite (corrensite) increases 
downsection (Fig. 2.20). A similar downsection 
transition from authigenic smectite (S) to chlorite 
(C) or illite (1), involving an intermediate mixed
layer chlorite/smectite (CIS) or illite/smectite (liS) 
phase, has been documented in many Tertiary 
sandstones along the Pacific Rim (e.g., Santa 
Ynez Mountains; Helmold and Van de Kamp, 
1984). 

Although the abundance of chlorite and illite 
also initially increases downsection from Spencer 
sandstones, it neither increases nor decreases 
systematically farther downsection. Thus, it is 
very difficult to assess whether or not all the 
clay-sized chlorite and illite in Tyee basin 
sandstones are detrital or in part authigenic. 
These clay minerals are obviously not related in a 
systematic way to burial depth, unlike the 

IV 
Baughman 
Member 

Tyee Mountain 
Member m 

Kasler Creek 
Tongue 

Coquille .River 
Member II 

llemote 
Member 
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smectite and corrensite trends (Fig. 2.20). It is 
probable that clay-sized micas and chlorites in 
the sandstones are largely detrital in origin, but 
some may have formed as authigenic cement 
during diagenesis. Bums and Ethridge (1979), 
for example, reported some fibrous chlorite clay 
cement in Umpqua Group sandstone; we believe 
this is largely corrensite (mixed-layer 
smectite/chlorite) based on XRD. 

In addition, a minor amount of serpentine is 
recognized from XRD analysis in some upper 
Umpqua Group sandstone (e.g., Remote and 
Coquille River members). Clay-sized serpentine 
is interpreted to be detrital in origin, eroded from 
serpentinite intrusions in the Mesozoic Klamath 
Mountains. 

Third order peaks suggest that the diagenetic 
smectite cements are Fe-rich (i.e., nontronite). 
The nontronite formed largely by alteration of 
glassy volcanic rock fragments during early 
burial. In thin section, the groundmass of many 
mafic and intermediate volcanic rock fragments 
has been altered to greenish brown iron-rich 

D Smectite 

II Corrensite 

~ Chlorite 

liiiD niite 

m . Serpentine 

Figure 2.20 Relative abundance of authigenic and detrital clay minerals in twenty 
sandstones from Eocene Tyee basin. The relative abundance of clay 
minerals was determined using the methods of Reynolds ( 1980) and 
Hower ( 1981 ). A clay mineral transition from smectite to mixed-layer 
chlorite/smectite occurs with increasing depth. 
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Figure 2.21 X-ray diffraction pattern of the White Tail Ridge sandstone. Mixed-layer chlorite
smectite (CIS) clays are abundant. Chlorite (C) and illite (I), which may be detrital, 
also are present. Pis plagioclase and Q is quartz. 

smectite which grades into iron-rich smectite 
pseudomatrix in the pores (Dickinson, 1970) (Fig. 
2.16). This diagenetic pseudomatrix formed by 
compaction of soft, altered volcanic rock 
fragments and has obliterated much of the 
primary intergranular porosity of the sandstones. 
The squashed smectite flowed into and filled pore 
spaces, and is particularly evident in Tyee 
Mountain, Baughman, and Spencer sandstones. 
Iron-rich smectite (nontronite) clay rims and 
pore-filling cements occur mainly in the shallow
buried sandstone units (e.g., Spencer Formation 
and Rasler Creek Tongue). 

Mixed-layer chlorite/smectite (corrensite) 
clays are most abundant in deeper-buried 
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sandstone units as an authigenic cement (e.g., 
Rasler Creek Tongue and Bushnell Rock 
Formation). This downsection clay mineral 
change from authigenic smectite to corrensite 
may reflect a change in the composition of the 
parent grains. For example, from an abundance 
of intermediate and mafic volcanic rock 
fragments in the younger units of sequences III 
and IV to mainly metasedimentary (e.g., phyllite) 
and metavolcanic (e.g., greenstone) rock 
fragments in the older units. Furthermore, 
altered and partially dissolved pyroxenes and 
amphiboles in metavolcanic rock fragments and 
other metamorphic rock fragments may have 
supplied Fe and Mg ions for formation of mixed
layer corrensite. 



DWoluilon of ~worlc gruilu and formaJUHI of 
l!ffimdory porosity 

Secondary porosity i~ present as dissolved 
framework grains and cementa or 8.8 tectonically 
formed fractures. Most Tyee buin aandstones 
are tightly cemented by smectite clays, qual'tz, 
and zeoUtes and contain little pr.inuuy voroaity in 
thin eoetion Oess than 2%) (Table 2.1). However, 
some sandstone u.nit.s &how evidence of parlial 
dissolution of framework grains and eaTlier 
diagenetic oements that bas or.eated minor 
seeondary porosity (Fig. 2.22). 

Most uoondary porosity oecu.rs as enluged 
intergr.rurular or in:tragranular primary pores in 
sandstones of the lower Tyee Mountain Member, 
Ruler Creek Tongue, and Coquille River 
Member. In most caBes, calcic plegio<lii.M end 
volcani< framework grllina have beon partially 
diBSOlvod. A minor llliiOUJ>t of fracture porooit;y 
and <hannol porotrity due to Lectonic deformation 
and "pli~ ia preaent in BIUhnall Rock pebbly 
sandstones. Calculation of aandstone parosity 
from Formation Denaity and Compensated 
Neutron logs in the Sawyer Rapids well lhowa 
thnt nn nbrnpt inCI'08ll<! of porosity ooeun in the 

-

subaurfaee in the lower pert of the Tyee 
Mountain Member (Fig. 2.23). Those data 
confirm that the aeeondary porosity in thin 
sections of sandstone from outcrops ia not a 
produet of surfBCO weathering but is, instead, t.be 
.result of partial diaeolution of framework grnine 
during diagenetris under deap burial, 

Sparry celcite cement ia volumetricaUy minor 
but Ia found locally a• lote-atoge pore-filling 
cume:nt and as a repTaoament product in 
eoncreti.ons and calcareous all!ldatone beds (Fig 
2.24). lt ill aloo randomly pre .. nt tbrougbout t.be 
atrotigraphic section aa iaolatad partial 
replacamenta of plagioelaae greina, volcaruc rO<k 
fregments, and other earlier formed eements. 
Thia calcite formed during a 1ate·stag5 diagenetic 
event, as evidenoed by its replacement of all 
oarUtr formed clllllonts (e.s .. qiUU't:t and &eoUtea) 
end alteration products of framework minerals. 
l'or enmple, late·atage calcite replacement of 
authigenic 8IIlBCtita and corrensite clay eoat.a or 
clay rim ja recognized by ita relict rim-like form 
in thin J58Ctlon {Fig. 2.24). 

Flg• r• 2.22 Abundant. uccndnry ports (P) I• deltafrollllflhlc tll'koslc ,randstoncl• 1~ Rasltr 
Crttk TO#Ig.u. NottflJtt volctuoic rod:fragwtl!lliS(Lv). SilndstOnts ill tht Raslu 
Creek, Coqlli/lclUv<r, and lowtr part of tht 'l'yt't Mowrtain ... m«rs show tht best 
tkwloptr~VJI o{ .Utll'!dary porosity. Sample R-92-1124, plant-polartud light, 2JX. 
&cafe bar = 0.2 nw1. 
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FDC-CNL CALCULATED POROSITY 
(Sawyer Rapids Well; ID 5,562') 

POROSITY(%) 
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Figure 2.23 FDC-CNL calculated porosity from Sawyer Rapids well. Note the porosity anomaly zone 
in the lower part of the Tyee Mountain Member (TMM). The apparent increase of porosity 
in this anomaly zone may be due to development of secondary porosity during diagenesis. 
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Flgwt 2.24 LD.tc-stogt c4/dtt ctmell (CCJ rtf114<td urty./ormM iron-rich RJ!l!rtllt c/4] rim 
,.,.,., (dark Unr) aNI cowrpltttly fl/ltd /nttrrrUJtulor {JI1Tt&. Spt.n<tr sun<Utont, 
Sonrplt R-S/2-426, plm!e-pulorhtd //gilt, 6X,1cole bar = 0.2 •om. 

Detached clay co&tl (or brokon day cowl 
locally O<lCur in fluvial pebbly lithie arkotie 
aandac.onu of the Remote Memt..r and in fan 
d.Jta lithic !Ullldatones of lhe BuahneO Ro<k 
Formation. They are lliWllly a.uociatad with 
polycryeLalline quarts 10emenL (Fig. 2.19). 
Corronalt.e clay coats may havo become deLachl!d 
when migrating pore fluid!! forcibly pUBbed the 
el8,11 ooata along congested poco lhtoeta. 'l'be Ould 
force may have eventuaDy dpped parts of the 
authiaenic clay coata off framework grain 
boundariee. M o eonsequenee, det.eched elay 
eoal.l have been incorporated and aurrouodl!d by 
tat.e-et.ege quart& cement.. Similar det.echl!d day 
eoata have bun docum.,nted in lhe Upper 
C-ret.aceoln Tu.tealoosa Sandat.ofte of Lonisi•n• 
(Pittman and olhen, 1992). 
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Anolher pouible explanation for detaehed 
day eoatt it lhat they may 1M developed by 
dehydration proceaaeo during diagenetic 
trenafonnatlon of tlay mintrala CMorau and de 
Roo. 1990). A chanp In clay eompooition £rom 
amectit.e t.o mind-layer chlon~ee\ito occun 
with increasing deplh in Tyee basin sandat.onea 
(Fig. 2.21l. Th•ee reaction• cauae the releaee of 
water and produce ahrinkftgo of tho ITamowork 
graine. & a retult, elay eoate become det.eched 
along 110mt f'nuneworlt grain mrfaaq 

Iron-oxide eemente (hematite and limorrite) 
are al10 l0108lly developed ln fluvial aandet.onos of 
the Remol.e Member and the Buahnell Rock 
Formation. They are a prodnct of olidat.ion 
~ dapo.-iti<m and early burial ancllor preaeot 
weathering proee .. e& by oxidation of inm .• t..aring 
minem by groundwAter. 



--------······························ ABUNDANT COMMON RAKE 

Diagenetic Stage Early Late 
I 

E~ts Spencer Bateman Baughman TyeeMtn. RulerCk. Coquille It. Remote BerryCk. Tenmile Bushnell 

Compaction •••••••••••• ..................... .................. I 

Albitization .... . ...... ..... 
I 

Cay Coats/Rims II ••••••••••••• ............ ············· . ...... ·················i 
Clay Pore-fill ...... •••••••• .... ... 

I 

H/C Pore-fill ...... --......... 
(Healaacllte'CiiDoptlloHte) 

I 

Laumontite Pore-fill .... I 1111•••• 

I 

* !Laumontite Replacement .......... ·-· 
I 
I 

Grain Dissolution .. ,,,1 
and Secondary Porosity -·· ................. _,_.,..._!.,.1 

Qtz. Overgrowth &t . ..................................... ! 

Silica Pore-fill 

Detached/Broken Rims ···-··· II I••••• •••••••••••••••••••1111111 

Late Calcite ~ ... ------------------------------ ................... ······---···········-·--·-··41111 ....................................... 

Fe-Oxide Coats .... ........ , ............. 

Figure 2 25 Para genetic sequence of diagenetic events for Tyee basin units. 



Paragenetic sequence 

The textural relationships between 
authigenic minerals and cements in thin section 
and SEM photomicrographs and their 
stratigraphic distribution (Ryu and others, 1992) 
suggest the following paragenetic sequence (Fig. 
2.25): (1) an early stage of mechanical 
compaction, (2) early clay coats and clay rim 
development, (3) an early smectite clay pore-fill 
which was altered to corrensite with deeper 
burial, (4) albitization and partial dissolution of 
plagioclase grains to form secondary porosity, (5) 
early heulandite/clinoptilolite pore-fill followed 
by laumontite pore-fill, (6) intermediate-stage 
laumontite replacement, (7) intermediate-stage 
dissolution of framework grains creating 
additional secondary porosity, (8) late-stage 
precipitation of quartz overgrowths, (9) detached 
broken clay rim cement, (10) late-stage calcite 
replacement of detrital grains and earlier formed 
clay, zeolites, and quartz cements, and (11) late
stage uplift, oxidation, and formation of minor 
iron-oxide cement by weathering (Fig. 2.25). 

Sandstones from the Tyee, Elkton, Bateman, 
and Spencer formations were largely derived 
from volcanic arc and granitic batholith 
provenances. They contain abundant volcanic 
rock fragments, unidentifiable glassy detritus, 
and plagioclase (Table 2.1) that are chemically 
reactive with pore fluids during diagenesis and 
burial. Due to mechanical compaction, "soft" 
iron-rich smectite clay-altered ductile volcanic 
rock fragments were rotated and squeezed into 
pore spaces during early to moderately deep 
burial, forming pseudomatrix (Dickinson, 1970) 
(e.g., Tyee, Bateman, and Spencer formations). 
Unidentifiable former glassy volcanic fragments 

heulandite 
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were subsequently altered entirely to "soft" 
ductile green smectite clay that was then 
remobilized and squashed to fill primary pore 
space during early compaction due to deeper 
burial. Some pore-filling heulandite/clinoptilolite 
cement, together with the smectite rim cement, 
formed from diagenetic alteration of glassy 
volcanic fragments in the sandstones of sequence 
IV. Also larger crystals of authigenic 
heulandite/clinoptilolite later infilled the center 
of some intergranular pores that were rimmed by 
the earlier formed fibrous smectite cement (Fig. 
2.13). 

During the early stage of diagenesis, highly 
alkaline pore fluids were enriched in Na+, AJ++, 
Ca++, and other metal cations derived from 
dewatering of interbedded smectite-rich 
mudstones. XRD analysis shows that mudstones 
of the Elkton Formation, Hubbard Creek 
Member, and Camas Valley Formation, for 
example, are largely composed of smectite and 
illite. Under these conditions a continuous 
supply of N a+ would have been delivered to the 
sandstones by migrating pore fluids during early 
compaction of the muds, resulting in partial 
dissolution and albitization of calcic plagioclase 
grains (e.g., andesine and labradorite) which, in 
tum, supplied Ca++ ions necessary for formation 
of early heulandite/clinoptilolite and laumontite 
cements that infill the adjacent primary 
intergranular pores. Alternatively, pore-filling 
laumontite cement might have been formed 
directly from the earlier-formed heulandite with 
subsequent deeper burial by the following 
chemical reaction according to Noh and Boles 
(1993): 

laumontite 



Although incipient albitization is apparent in 
the younger sandstone units (e.g., Baughman 
Member) which contain early-stage laumontite 
cement, more extensive albitization occurred in 
the underlying sandstone units (e.g., Tyee 
Mountain Member) which contain mixed-layer 
chlorite/smectite (corrensite) clay instead of 

plagioclase 

Clay mineral conversion of smectite clay to 
mixed-layer CIS clay probably produced the 
corrosive silicic acid (H4Si04) necessary for the 
above reaction (Noh and Boles, 1993). 

At greater burial depths, further dissolution 
of calcic plagioclase grains and volcanic rock 
fragments resulted in formation of minor 
secondary porosity (e.g., in the lower Tyee 
Mountain Member). Smectite clay rim cements 
and pseudomatrix were also mostly converted to 
mixed-layer chlorite/smectite (corrensite) clays at 
these depths (Fig. 2.21). Silicic acid (H4Si04) 
pore fluid produced from these chemical reactions 
may be, in part, the source for the excess silicon 
cations that resulted in precipitation of late-stage 
polycrystalline and monocrystalline quartz 
cement which fills pore space in the underlying 
deeply buried Umpqua sandstones of sequences I 
and II. 

Precipitation of quartz cement was also 
governed by the mineral composition of the 
sandstones. For example, concurrent albitization 
of plagioclase and production of laumontite and 
heulandite/clinoptilolite cements is commonly 
evident in the micaceous lithic arkosic Tyee 
Formation sandstones which contain abundant 
volcanic rock fragments and plagioclase grains. 
These processes may consume excess H4Si04+ in 
pore fluids which combines with AJ++ and ca++ 
cations to form zeolites released in the 
albitization process. Due to precipitation of 
laumontite, pore fluids were undersaturated in 
hydrosilicic acid H4Si04, and quartz cement and 
quartz overgrowths could not be precipitated in 
the pores. However, albitization and 
precipitation of laumontite cement were absent 
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smectite clay. During deeper burial, this more 
active albitization may result in late-stage 
laumontite replacement of the plagioclase by the 
following chemical reaction according to Boles 
and Coombs (1977), Helmold and Van de Kamp 
(1984), and Noh and Boles (1993): 

albite laumontite 

or insignificant in the Umpqua sandstones which 
are more quartzose in composition. As a result, 
pore fluids were oversaturated in H4SiO 4 + and 
quartz cement was precipitated as euhedral 
hexagonal or trigonal crystals in pore space (Fig. 
2.17). McBride and others (1987) showed that 
hexagonal or trigonal quartz crystals grew as 
overgrowths into large secondary pores during 
late-stage burial diagenesis in the deeply buried 
Jurassic Norphlet Formation of Mississippi. 
Bodine and Madsen (1987) also demonstrated 
that quartz cement and corrensite were produced 
during smectite clay transformation in the 
Paradox Member of the Hermosa Formation in 
Utah. This process is coincident with our SEM 
observations of abundant euhedral quartz 
crystals and underlying corrensite clays in the 
Umpqua sandstones (Fig. 2.17). 

Another possible silica source for quartz 
cement includes pressure solution of the 
abundant detrital polycrystalline quartz grains of 
the lower Umpqua sandstones as a result of deep 
burial (Fig. 2.12). Dissolution of more soluble 
opal-A siliceous microorganisms (e.g., diatoms, 
radiolarians, and sponge spicules) in the 
interbedded marine mudstones by pore water 
could also be a source for silica which migrated 
into the overlying Umpqua sandstone units. 
Other local sources of silica for the quartz cement 
could be Cascades volcanic arc-related intrusions. 
Umpqua lithic sandstones are locally bleached 
white due to mercury sulfide (cinnabar) 
mineralization along the eastern boundary of the 
Umpqua basin and border with the Western 
Cascades arc (Wells and Waters, 1934). 
However, this mechanism does not explain 
abundant quartz overgrowths in the western part 
of the Umpqua basin. 



Discussion of Controls on Authigenic 
Mineral Reaction and Cement Distribution 

One of the most important factors controlling 
the abundance and types of authigenic minerals 
in Tyee basin sandstones is the composition of 
the dominant framework grains. Zeolites are 
restricted to sandstones of the younger forearc 
sequences (e.g., Tyee, Bateman, and Spencer 
formations) which contain abundant 
intermediate and mafic volcanic rock fragments 
and calcic plagioclase. The underlying Klamath 
Mountains-derived lithic sandstones of sequences 
I and II are composed of dominantly 
polycrystalline quartz, chert, sedimentary and 
metamorphic rock fragments, and authigenic 
minerals and pore-filling quartz cements. This 
compositional difference suggests that zeolites 
and quartz cements were not the result of the 
introduction of zeolite- or silica-precipitating 
solutions from outside the formations, but rather 
were the results of in situ rock-fluid reactions. 

Eocene sandstones in the study area exhibit a 
vertical zonation of authigenic minerals and 
cements, consisting of early formed 
heulandite/clinoptilolite to laumontite, and 
finally to quartz as well as transformation of 
iron-rich smectite to mixed-layer 
smectite/chlorite (corrensite) with increasing 
burial depth. This vertical zonation of authigenic 
minerals probably resulted, in part, from 
variations in pore fluid composition in time and 
space. For example, Tyee Formation'-sandstone 
containing pore fluids undersaturated in 
H4Si04+ and enriched in AJ++, Ca++, and Na+, 
is characterized by albitization and zeolite 
cement, whereas Umpqua Group sandstone 
containing pore fluids oversaturated in HSi04+ 

49 

and lack of other competing metal cations is 
characterized by quartz cement and overgrowths 
and absence or insignificant albitization. 

Because diagenetic reactions require a 
significant amount of transfer of cations and 
anions to and from reaction sites, permeability 
and porosity variations may be important in 
controlling the distribution of authigenic 
minerals in Tyee basin sandstones. Without 
adequate permeability and effective porosity, 
pore fluid flow is restricted, thereby decreasing 
mass transfer of cations and anions and, 
consequently, inhibiting reactions. The 
importance of permeability is suggested by 
textural control of quartz cements. 

In addition, increasing temperature and 
depth ofburial probably influenced the formation 
of authigenic minerals in Tyee basin sandstones. 
Vitrinite reflectance values for mudstone and 
coal samples from the surface and subsurface in 
the study area (average %Ro = 0.40-0. 77) indicate 
that paleotemperatures ranged between 50°C 
and 115°C (see Source Rocks section). This 
implies that paleotemperatures for diagenesis of 
the sandstones were no greater than l15°C 
throughout the Eocene section. Based on the 
measured temperatures of deep wells in the 
Niigata oil field of Japan, Iijima (1978) suggested 
that heulandite and laumontite cements formed 
at about 100°C. Also, precipitation of late-stage 
quartz, where silica likely is released by clay 
transformation and pressure solution, requires a 
temperature range between 80°C and 120°C 
(Surdam and Crossey, 1987). Paleotemperatures 
in the Eocene section were also adequate for 
formation of authigenic smectite and corrensite 
clay minerals. 



RESERVOIR POTENTIAL 

Distribution of Porosity and Permeability 

Prior to this investigation, data on porosity 
and permeability of potential reservoir 
sandstones in the southern Tyee basin were 
limited (Mob!}, 1980; Newton, 1980; Niem and 
Niem, 1990). Outcrop samples were haphazardly 
distributed across the basin, and most samples 
were concentrated in a few potential reservoir 
units (e.g., Tyee Mountain Member, lower 
Umpqua Group, and pre-Tertiary sandstones; see 
map in Niem and Niem, 1990). In addition, there 
were far too few (27 analyses from 22 widely 
scattered localities) to make generalizations 
about the reservoir potential of all the 
stratigraphic units in the basin. 

An additional seventy sandstone and 
conglomerate samples were collected for thin 
section and porosity and permeability analysis 
during the course of this investigation. Those 
samples are keyed to the measured sections of 
Ryu and others (1992; Fig. 2.1 and Plate 2A). 
Samples were chosen from the freshest exposures 
of each stratigraphic unit and were 
quantitatively analyzed for porosity and 
permeability by Goode Core Analysis Service of 
Bakersfield, California. They drilled plugs of the 
sandstone and conglomerate samples, using fresh 
water as the bit coolant. Prior to measurement of 
porosity and permeability in air, the samples 
were dried at 235°F. Grain volume was 
determined by Boyle's Law method using helium 
as the gaseous medium. Bulk volume was 
measured by mercury displacement at ambient 
conditions. A confining pressure of 500 psig was 
used for permeability measurements. Individual 
porosity and permeability analyses are listed in 
an appendix in Ryu (1995). The porosity and 
permeability are averaged by formation in Table 
2.2. 

Permeabilities .are highest in sequence II 
(range 0.05 to 40.5 md, average 5.51 md for 24 
samples). The next most permeable rocks are in 
sequence IV (range 0.2 to 12.3 md, average 2.67 
md for 10 samples). Permeabilities of the other 
sequences are very low: sequence I (range 0.01 to 
5.2 md, average 0.65 md for 22 samples); 
sequence III (range 0.01 to 3.1 md, average 0.53 

50 

md for 13 samples). One sample from an isolated 
outlier of "pre-Tertiary sandstone", mapped by 
Niem and Niem (1990) in the southwestern part 
of the Tyee basin, shows relatively high porosity 
(16.60%) and permeability (16.60 md). 

Controls on Distribution of Porosity and 
Permeability 

A bar graph is useful to show stratigraphic 
variations of average porosity and permeability 
among Tyee basin units (Fig. 3.1). Porosity 
generally increases a few percent from lowstand 
systems tract sandstone and pebbly 
conglomerates (LST) to highstand systems tract 
sandstones (HST) within a depositional sequence 
although there are exceptions (Fig. 3.1). As 
discussed in the sandstone petrography section 
above, a lowstand systems tract contains 
numerous gravity flow deposits (e.g., turbidites 
and debris flows) and fluvial channel-fills that 
are composed of poorly sorted, "dirty" graywacke 
sandstone and lithic conglomerate. These 
deposits are typically a mixture of diagenetically 
unstable rock and mineral fragments and 
abundant fine detrital clay/silt matrix. This 
texture is a result of rapid sedimentation and 
burial with little or no reworking by currents on 
a fan surface (e.g., in alluvial fan and in deep-sea 
fan environments). In contrast, highstand 
systems tract units in the Tyee basin contain 
abundant delta front sandstones that are 
generally more quartzose (i.e., chemically more 
stable) and better sorted. Softer, chemically 
unstable lithic framework grains (e.g., volcanics 
and carbonaceous phyllite) were effectively 
abraded and destroyed by prolonged reworking 
by waves, longshore currents, and tides during 
progradation of a wave-dominated delta. Also, 
fme detrital sediments, . such as clay and silt, 
which could fill primary intergranular pores are 
winnowed out by these processes. Thus, the 
depositional or primary porosity of highstand 
systems tract delta front sandstones is generally 
greater than that of lowstand systems tract 
sandstones and conglomerates. The abundance 
of primary porosity is partly related to texture 
(grain size, shape, sorting, abundance of detrital 
clay matrix) which, in turn, reflects the 
depositional environment. 



Primary porosity is also controlled by the 
compositional variation of the sandstones (e.g., 
lithic versus arkosic). Primary porosity in lithic 
turbidite sandstone and conglomerate of a 
lowstand systems tract is much more effectively 
destroyed than primary porosity in a quartzose
arkosic delta front sandstone of a highstand 
systems tract. Porosity is reduced because 
chemically unstable framework grains (e.g., 
volcanic rock fragments and soft metamorphic 
fragments) are more abundant in lithic 
sandstones. These grains are more susceptible to 
chemical alteration to pore-filling clay and zeolite 
cements and to greater mechanical compaction 
during burial or loading by tectonic events (e.g., 
thrusting). 

Permeability in the sandstones is not only 
controlled by depositional processes and mineral 
composition, but also constrained by secondary 
diagenetic processes. In an ideal case in which 
the distribution of porosity and permeability is 
solely controlled by depositional processes (i.e., 
controlled by grain size and sorting), the highest 
porosity is most likely to be accompanied by the 
highest permeability. If this is the case, the 

cross-plot of porosity versus permeability shows a 
very good one-to-one correlation (R = 1). 
However, sandstone porosity is reduced or 
enhanced (i.e., secondary porosity; Schmidt and 
MacDonald, 1979) due to diagenetic processes 
such as mechanical compaction and dissolution of 
unstable framework grains during deeper burial. 
This may result in deterioration of the ideal one
to-one correlation between porosity and 
permeability. It may be inferred, therefore, that 
the correlation coefficient (R) between porosity 
and permeability decreases as sandstones 
undergo progressively more diagenetic 
modification. 

Best fit lines on cross-plots of porosity versus · 
permeability of each depositional sequence reveal 
that there is a fairly good correlation (R = 0. 7 4) in 
the shallower buried depositional sequence IV. 
In contrast, the more deeply buried and 
diagenetically altered sequences I, II, and III 
have relatively low correlation coefficients (R = 
0.18 to 0.30) (Fig. 3.2). This implies that the 
distribution of porosity and permeability in 
sequence IV still reflects the depositional 
processes that controlled grain size and sorting 

Sequence Stratigraphic Unit 
Avg. Porosity(%) Avg. Permeability (md) 
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IV TST" 

LST 

m LST 

HST 

n 
LST 
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~ 
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Klamath Mtna. 

Spencer Fomwtloll 
BateiiWt Formation 
EUdon Formation 

Baughman Member 
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Coquille liver Member 
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Tenmile Formation 
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Pre-Tertiary 

- Data from this study 
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c::::::J Includes data from Shell (1959), 
Mobil (1980), and Newton(1980) 

Figure 3.1 Average porosity and permeability ofTyee basin units; (LST=Lowstand Systems Tract, TST= 
Transgressive Systems Tract, HST=Highstand Systems Tract). Arrows indicate increasing 
porosity in each systems tract. Data from Newton (1980)/or the Tyee Mountain Member 
(unshaded bar) are anomalously high compared to porosity and permeability data acquired 
during this study. The disparity of values may be a function of differences in techniques 
between laboratories. 
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Figure 3.2 Cross-plots of porosity versus permeability for Eocene sandstones of the Tyee basin. Solid lines and 
correlation index (R"2) values are computer-generated "best fit" of data. Anomalous data points 
within a circle represent the Tyee Mowztain Member sandstones from the northwestern part of the 
study area. 
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and that diagenetic processes (i.e., compaction 
and cementation) have not significantly modified 
the primary porosity. The lower correlation 
coefficients in sequences I, II, and Ill, however, 
suggest that the relationship of porosity and 
permeability in these sequences which is non
linear and is more likely a result of diagenetic 
processes of mechanical compaction and 
cementation than depositional processes (Fig. 
3.2). 

Petrographic analysis confirms that 
mechanical compaction and cementation played a 
dominant role in controlling the distribution and 
abundance of porosity and permeability in 
sandstones of the southern Tyee basin. Major 
reduction of porosity and permeability has 
occurred through: (1) mechanical compaction of 
ductile grains, such as micas and phyllites 
(particularly in the older and more deeply buried 
Umpqua Group units); (2) chemical alteration 
and mechanical compaction of volcanic grains to 
form pseudomatrix (e.g., Tyee Mountain Member 
of the Tyee Formation); (3) precipitation of 
smectite/chlorite clay rim cements in primary 
interparticle pores and pore throats (e.g., 
Baughman Member of Tyee Formation); (4) 
filling of the remaining pore space with zeolites 
(e.g., Baughman Member of Tyee Formation; or 
(5) precipitation of early calcite cements. The 
porosity and permeability ~some units has been 
non-linearly enhanced by: (1) partial dissolution 
of plagioclase grains and chemically unstable 
framework grains (e.g., Tyee Mountain Member 
of Tyee Formation); (2) dissolution of pre-existing 
pore-filling cements (e.g., White Tail Ridge 
Formation); or (3) development of microfractures 
due to tectonic movement (e.g., Bushnell Rock 
Formation). In addition, some secondary and 
remaining primary porosity and permeability are 
further reduced by precipitation of late-stage 
quartz and calcite cements (e.g., Umpqua Group 
units). 

Potential Reservoir Units and Their Areal 
Distribution 

Compared to the gas-producing deltaic 
Cowlitz Formation of the Mist Gas Field in 
northwestern Oregon (average porosity 25% and 
average permeability 200 md; Armentrout and 
Suek, 1985), most units in the southern Tyee 
basin have low to very low porosity and 
permeability (Table 2.2). Tyee basin sandstones 
could be called tight sandstones based on the 
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definition of tight sandstones by Law and 
Spencer (1993). Tight sandstones, such as these, 
could potentially produce commercial quantities 
of gas from deeper parts of the basin (Law and 
others, 1994). 

In examination of outcrop samples, the 
stratigraphic units with the highest reservoir 
potential in the Tyee basin are members of the 
White Tail Ridge Formation; i.e., the more 
permeable and friable delta front sandstones of 
the Coquille River Member (average porosity 
12.90%; permeability 9.59 md for 8 samples) and 
the Rasler Creek Tongue (average porosity 
13.20%; permeability 9.35 md for 2 samples) (Fig. 
3.1). Some fluvial distributary channel lithic 
arkosic sandstones of the Remote Member (13.0% 
ofporosity and 9.6 md of permeability) and delta 
front sandstones of the Berry Creek Member may 
be additional, deeper reservoir targets. 

The 1,000- to 4,300-foot thick deltaic White 
Tail Ridge Formation occurs only in the southern 
part of the basin (i.e., Myrtle Point-Sutherlin 
subbasin of Ryu and others, 1992) and is well
exposed along Oregon Highway 42 between the 
towns of Tenmile and Remote (Figs. 3.3 and 3.4; 
Plates 2B and 2C). The best permeabilities in the 
unit are in the vicinity of and north of Remote on 
the west side of the basin. However, some 
members wedge out over the Reston high (Ryu 
and others, 1992). Therefore, these units have 
limited potential as exploration targets in the 
subsurface near this buried high. They are also 
locally developed north of the high near 
Lookingglass Valley (several miles northeast of 
the Reston high and south of Melrose) (Figs. 3.3 
and 3.4; Plates 2B and 2C). A thick section of 
White Tail Ridge Formation is exposed in the 
Glide area. These units project beneath the Tyee 
escarpment and beneath the western Cascade 
Mountains. They have been recently traced as 
far north as Tyee Mountain, west of Sutherlin (R. 
E. Wells, 1994, pers. commun.). 

Sandstones of the Coquille River Member 
were deposited as a tide-dominated, delta-front. 
facies. The tide-dominated facies consist-s of 
several thinning-upward parasequences of thick 
to very thick beds of massive to hummocky cross
bedded, arkosic (quartzo-feldspathic) sandstone 
(Ryu and others, 1992). The parasequences thin 
upward to subordinate mollusk-bearing lagoonal 
or estuarine mudston~. bioturbated mollusk
bearing silty sandstone, and numerous 
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subbituminous coals (Fig. 3.5). Potential 
reservoir sandstones in this facies are medium- to 
coarse-grained, moderately sorted, and thick- to 
very thick-bedded (5 to 6 feet thick). They were 
probably deposited in distributary channels. The 
distributary channel sandstones pinch out 
laterally and cut into the underlying coal beds. 

Sandstones of the Rasler Creek Tongue were 
deposited as a wave-dominated delta front facies 
which prograded over the middle to outer shelf 
muds of the Camas Valley Formation (Ryu and 
others, 1992). They consist of several 10- to 30-
foot thick thickening-upward parasequences 
which are encased in thick bioturbated mudstone 
beds. Each thickening-upward parasequence is 
composed of medium to thick beds of hummocky 
bedded to trough and planar cross-bedded, lithic 
arkosic sandstone and thin to very thin beds of 
wave-ripple laminated siltstone (Fig. 3.6). 
Potential reservoir sandstones in this facies are 
medium- to coarse-grained, moderately sorted, 
and thick-bedded (1 to 2 feet thick) shoreface 
sandstones. Petrographic analysis indicates that 
secondary porosity (enlarged interparticle pores) 
is common in these potential reservoir 
sandstones (Fig. 2.22). 

The Remote and Berry Creek members are 
possible deeper reservoir targets. Coarse-grained 
fluvial distributary quartzo-lithic (metamorphic) 
sandstones in these members are tightly 
cemented by silica and clay in outcrop in the 
vicinity of the Tyee escarpment. However, along 
the Umpqua River near Glide, they are fairly 
friable and less indurated (Figs. 3.3 and 3.4; 
Plates 2B and 2C). The porosity and 
permeability of distributary sandstones in the 
Remote Member near Glide are 13.7% and 18.5 
md which is better than the porosity and 
permeability of outcrop samples near the Tyee 
escarpment (Figs. 3.3 and 3.4; Plates 2B and 2C). 

Near Glide, potential reservoirs in the Berry 
Creek Member form a 600-foot thick section of 
thickening-upward fine- to medium-grained delta 
front parasequences overlain by medium- to very 
coarse-grained, cross-bedded, pebbly distributary 
channel sandstones capped by a thick coal of the 
Remote Member. These sandstone-dominated 
units, together with the overlying deltaic to 
fluvial arkosic Spencer sandstone, dip gently 
eastward beneath the volcanic rocks of the 
western Cascade Mounupns. The White Tail 
Ridge sandstones also have been recently traced 
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northward to Nonpareil (Wells, 1994, pers. 
commun.). South of Glide toward the margin of 
the Klamath Mountains, fluvial conglomerate 
(bearing boulders and cobbles of granodiorite) 
and coarse-grained arkosic sandstone equivalent 
to the White Tail Ridge Formation are locally 
intercalated between younger Cascade volcanic 
rocks and pyroclastic flows and an underlying 
pre-Tertiary granodiorite (A. Jayko, 1994, pers. 
commun.). 

Another potential reservoir unit is the 1,100-
foot thick upper Eocene Spencer Formation 
(average porosity 14.45%; permeability 6. 70 md 
for 2 samples) (Fig. 3.1). The Spencer Formation 
is composed of several hundred feet of friable, 
fluvial to deltaic, medium- to very thick-bedded, 
highly carbonaceous sandstone (Ryu and others, 
1992) (Figs. 3. 7 and 3.8). There also are a few 
thin (one to several foot thick) subbituminous 
coal beds and thicker, laminated carbonaceous 
siltstone beds in the unit. Some shallow-marine 
sandstone beds (which are bioturbated and 
fossiliferous) have been recognized (Hoover, 
1963). The Spencer is probably equivalent to the 
deltaic, coal-bearing Bateman Formation in the 
center of the Tyee forearc basin. The Bateman 
also contains highly friable, porous and 
permeable arkosic micaceous sandstone 
(Weatherby, 1991) (Figs. 3.3 and 3.4; Plates 2B 
and 2C). The possible reservoir in the Spencer is 
a friable, micaceous, well-laminated to cross
bedded, and fine- to very coarse-grained 
distributary channel sandstone. This "clean" 
arkosic micaceous sandstone is exposed locally 
along the eastern margin of the basin adjacent to 
the Cascade volcanics from Glide northward to 
Cottage Grove (Figs. 3.3 and 3.4; Plates 2B and 
2C) (Walker and MacLeod, 1991). The sandstone 
generally dips gently eastward beneath the 
Cascade volcanics except where locally faulted. 
Spencer sandstones have abundant primary 
interparticle porosity which is partially filled 
with smectite pore-lining clay. Many samples 
from exposures are too friable for porosity and 
permeability measurements. 

Micaceous arkosic Spencer sandstone has 
been a target of exploration in the Willamette 
Valley, locally producing commercial quantities of 
gas (e.g., near Lebanon, OR) (Baker, 1988). It is 
equivalent to the middle and upper Eocene 
Cowlitz Formation (Clark and Wilson sandstone) 
which produces commercial quantities of gas at 
Mist in the northern Oregon Coast Range 
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relatively low reservoir potential (average 
porosity 10.88%; permeability 0.53 md for 13 
samples). However, Newton (1980) reported that 
some Tyee turbidite sandstones in the northern 
part of the study area have very high porosity 
(average 30.68% for 6 samples) and permeability 
(average 59.80 md for 6 samples) (Figs. 3.3 and 
3.4; Plates 2B and 2C). These anomalous values 
may result from either formation of secondary 
porosity or extensive surface weathering. 
Alternatively, the disparity is due to laboratory 
variability because the lithology of Tyee 
sandstones varies little throughout the basin. 

Porosities estimated from FDC-CNL logs for 
the Sawyer Rapids well are not high and are on 
the magnitude of measured porosities of surface 
samples in this investigation. This subsurface 
porosity information also indicates that there is a 
zone of higher porosity in the lower part of the 
Tyee Mountain Member in the well (Fig. 2.23). 
The Long Bell, B-1, F-1, and Harris 1-4 wells, 
which penetrated thick sections of the Tyee 
Mountain Member in the northern and central 
part of the study area, encountered generally 
tight, well-indurated sandstone with only minor 
gas shows (Ryu and others, 1992). Our 
petrographic study of a few samples indicates 
development of diagenetic secondary porosity in 
the lower part of the Tyee Mountain Member 
(i.e., basin-floor fan facies; see Ryu and others, 
1992). Thus, the lower part of the Tyee Mountain 
Member may warrant further investigation. 
Most porosity and permeability analyses of Tyee 
Mountain sandstones in this study were 
concentrated in the southern and central part of 
the study area (Figs. 3.3 and 3.4; Plates 2B and 
2C). Newton's (1980) data hint that the unit may 
be more porous in the northwestern part of the 
study area. The reservoir potential of this unit 
could not be eliminated because of the possibility 
that secondary porosity has developed locally. 

In summary, the units with the highest 
reservoir potential are sandstones of the White 
Tail Ridge Formation, especially the Coquille 
River Member and the Rasler Creek Tongue and 
to a lesser extent the Remote and Berry Creek 
members. Spencer Formation sandstones appear 
to be the second best potential reservoir 
sandstone in the basin. In addition, some of the 
pre-Tertiary sandstones and the lower Umpqua 
sandstones (or the Bushnell Rock Formation) 
may serve as possible reservoir rock in the basin, 
if fracture porosity is well-developed (e.g., 
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beneath the Tyee escarpment). However, the 
distribution of the pre-Tertiary sandstones is 
very discontinuous and may be difficult to 
explore. Also, the lower part of the Tyee 
Mountain Member may have reservoir potential 
in the deeper northern part of the basin, provided 
that secondary porosity is developed. Sandstones 
of other units (e.g., Slater Creek, Baughman, 
Elkton, and Bateman sandstones) have very 
limited reservoir potential due to the lack of 
effective permeability (Figs. 3.1 and 3.4). The 
low permeability is mainly attributed to 
extensive burial diagenesis which has clogged 
pores and pore throats through mechanical 
compaction and pore water chemical reactions in 
the sandstones. The friable, clean, micaceous 
arkosic sandstones of the Bateman delta plain, 
distributary, and delta front facies are an 
attractive reservoir. However, this unit has been 
breached by erosion and is restricted to the 
synclinal center of the Tyee forearc basin. The 
Baughman Member also has been largely 
exposed by erosion, and Baughman sandstones 
are too tightly cemented by zeolites and smectitic 
clays to have much reservoir potential other than 
fracture porosity. 

Some Tyee basin sandstones (e.g., Tyee 
Mountain Member, lower Umpqua Group) could 
be called tight gas-reservoirs. Law and Spencer 
(1993) defined tight gas-sandstones as 
sandstones that have low permeability ( <0.1 md) 
(exclusive of fracture permeability) and low 
porosity (2 to 12%). Tight gas sandstones and 
shales have produced large quantities of natural 
gas from Paleozoic sandstones in the 
Appalachians and the Black Warrior basin, from 
Mesozoic sandstones in several Rocky Mountain 
foreland basins and the Great Plains of Colorado, 
Nebraska, Kansas, and North and South Dakota, 
and from Tertiary strata of east Texas and 
northern Louisiana. Some wells in the Tyee 
basin (e.g., Long Bell) appear to be overpressured 
(see source rock section). Fracturing and 
horizontal drilling may be necessary to produce 
gas from the tight Tyee basin sandstones (Law 
and Spencer, 1993). 



SOURCE ROCKS 

Sample Distribution and Lithologies 

More than 190 samples were collected and 
submitted for source rock analysis during the 
course of this investigation. They include all 
Eocene units in the Tyee basin and several pre
Tertiary units in the adjacent Klamath 
Mountains (Fig. 4.1). Most well cuttings and 
outcrop samples are fresh dark to medium gray 
mudstone, coal and carbonaceous mudstone; 
several are carbonaceous deltaic and turbidite 
sandstone and one is from a block of micritic 
limestone in the pre-Tertiary (Cretaceous) 
m~lange. Source rock analyses include total 
organic carbon (TOC), Roek-Eval pyrolysis, and 
some vitrinite reflectance (% Ro) and thermal 
alteration index (TAl) measurements as well as 
visual kerogen typing. These analyses were 
performed by Paul Lillis, Ted Daws, and Mark 
Pawlewicz of the U.S. Geological Survey organic 
geochemistry laboratory in Denver, Colorado 
(Lillis and others, 1995) and by the DGSI in 
Woodlands, Texas, for samples provided to Dave 
Long for a Portland State University master's 
thesis (Long, 1994). In addition, source rock data 
for more than 1625 outcrop and well samples 
from earlier reports (e.g., Amoco (1983, 1985), 
Browning and Flanagan (1980), Brown and Ruth 
(1983), Law and others (1984), Mobil (1980), and 
Newton (1980)) are also incorporated in this 
study (Figs. 4.1 and 4.2; see distribution maps in 
Niem and Niem, 1990). The analytical methods 
applied to these samples are described in these 
references. These data also include TOC, Rock
Eva} pyrolysis, vitrinite reflectance, thermal 
alteration index, visual kerogen analyses, and 
some C15+ extraction with chromatography. 
Most of the 193 samples collected for this study 
are keyed to the measured stratigraphie sections 
and the exploration wells described by Ryu and 
others (1992) (Plate 3A). 

Source Rock Evaluation 

Source rock generative potential 

Most of the 1869 surface and subsurface 
samples contain low to very low total organic 
carbon (Fig. 4.3A). The average TOC value is 

61 

approximately 0.85 weight percent. The overall 
distribution ofTOC ofTyee basin units is skewed 
towards lower values(< 0.5 weight percent) with 
approximately 95 percent of all samples falling 
into the poor to fair (non-source to marginal) 
source rock category (i.e., < 1.0 weight percent 
TOC). Most of the non-source or marginal source 
samples are shallow-marine mudstone, mudstone 
interbeds between turbidite sandstone and 
conglomerate beds, and some overbank mudstone 
in fluvial and fan delta facies (Fig. 4.4). 

Only 59 samples ( < 4% of samples analyzed) 
have TOC values > 1.0 weight percent, which 
rate these as good to very good source rocks (Fig. 
4.3A). Most of these samples are estuarine 
carbonaceous mudstone, very fine-grained 
carbonaceous sandstone, and silty coal from 
deltaic sequences in sequences II and IV (White 
Tail Ridge Formation, Baughman Member, 
Bateman Formation, and Spencer Formation; 21 
samples), some slope mudstone from the 
transgressive deep-marine intervals of sequences 
II, III, and IV (Camas Valley Formation, 
Hubbard Creek Member, and Elkton Formation; 
13 samples), and a few deep basinal mudstones 
from turbidite sequences in sequence I (the 
Umpqua Group; 13 samples) (Figs. 4.4 and 4.5; 
Plate 3B). Some pre-Tertiary IOamath Mountain 
terrane samples also have > 1.0 weight percent 
TOC (carbonaceous shale in Cretaceous Whitsett 
Limestone; 1 sample: undifferentiated Myrtle 
Group mudstone; 5 samples) (Figs. 4.4 and 4.5). 

The S1 and S2 yields liberated during 
pyrolysis are a useful measurement to evaluate 
the generative potential of source rocks (Peters, 
1986; Law and others, 1984). Approximately 95 
percent of the samples analyzed have < 1.0 mg 
HC/g rock (Fig. 4.3B). Pyrolysis S1 + S2 yields < 
6.0 mg HC/g rock are generally considered to be 
source rocks with poor to fair generative 
potential; yields > 6.0 are common in known 
hydrocarbon source rocks (Peters, 1986). Thus, 
Roek-Eval pyrolysis S1 + S2 yields also indicate 
that most Tyee basin samples analyzed are poor 
in generative potential, including some basinal 
and slope mudstone units that rated as good and 
very good source rock based on TOC (i.e., 2 to 3%; 
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compare Figs. 4.4 and 4.6). Although high in 
total organic carbon, much of this carbon is inert 
and does not yield much free hydrocarbon upon 
pyrolysis (or heating). Therefore, those samples 
are rated as poor source rocks. 

Tyee basin samples that have the highest 
potential as source rocks, as indicated by S1 + S2 
values > 6.0 (shaded area of Fig. 4.6), are all 
coals. These data reaffirm the importance of 
coals as potential source rocks in the Tyee basin 
first recognized by Niem and Niem (1990) and 
Law and others (1984). Coal beds and 
carbonaceous mudstones are widespread in 
deltaic sequences of the White Tail Ridge 
Formation and Baughman Member in the 
southern part of the basin, in the Bateman 
Formation in the center of the basin, and in the 
Spencer Formation on the eastern margin of the 
basin (Ryu and others, 1992; Figs. 4.1 and 4.5). 
They range from a few inches thick to as much as 
13 feet thick, and some underlie tens of square 
miles (e.g., Eden Ridge coal field; Lesher, 1914; 
Duell, 1957; US Bureau of Land Management, 
1983; Niem and Niem, 1990). Coal in the Eden 
Ridge field, for example, contains over 50% TOC 
and sufficient volatile organic matter (23 to 58%) 
to generate dry and/or biogenic gas (Niem and 
Niem, 1990). Two seams have a calculated total 
reserve of as much as 50 million tons (Duell, 
1957; US Bureau of Land Management, 1983). 

The coals and carbonaceous mudstones in the 
White Tail Ridge Formation (Coquille River and 
Remote members) are a locus of biogenic and 
thermogenic gas seeps in the basin (Niem and 
Niem, 1990; Kvenvolden and others, 1995). 
However, these rocks comprise only a small 
percentage (1 to <5%) of the total volume of 
strata in the basin and, thus, are limited sources. 
Additional beds of thin coal, carbonaceous 
mudstone, and overbank mudstone and 
sandstone were discovered recently in the 
Spencer Formation between the towns of 
Nonpareil and Glide (R. E. Wells, 1994, pers. 
commun.; Figs 3.7, 3.8, 4.1, and 4.5). In 
northwestern Oregon, coals and slope mudstone 
in the upper Eocene deltaic Cowlitz Formation in 
the Willamette (Nehalem) basin may be the 
source of the gas produced commercially in the 
Mist gas field (Armentrout and Suek, 1985; 
Stormberg, 1992). 
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Type of hydrocarbon generated 

A binary plot of whole rock hydrogen indices 
(82/rOC) and oxygen indices (8a/TOC) can be 
used to classify the dominant type of organic 
matter (i.e., gas- or oil-prone) in potential source 
rocks (Tissot and Welte, 1978; Fig. 4. 7). Most of 
320 surface and subsurface samples plot in the 
field of very low hydrogen indices and low oxygen 
indices. This suggests that the organic matter in 
nearly all Tyee basin samples is Type IV (very 
limited or marginal potential for gas) or Type III 
(gas-prone) organic matter. Fifteen samples, 
however, plot in the field between Type II (oil
prone) and Type III (gas-prone) organic matter. 
These samples include: Bateman Formation, 1 
sample; Baughman Member, 2 samples; Hubbard 
Creek Member, 1 sample; Tyee Mountain 
Member, 1 sample; Coquille River Member, 3 
samples; Remote Member, 4 samples; Slater 
Creek Member, 1 sample; Bushnell Rock 
Formation, 1 sample; Whitsett Limestone; 1 
sample. Most samples that contain a mixture of 
oil- and gas-prone organic matter are coals from 
the deltaic facies (e.g., White Tail Ridge, Remote, 
and Baughman). The van Krevelen diagram may 
overestimate the oil and liquid hydrocarbon 
generative potential of the Tyee basin coals. 
Coals are generally composed mainly of gas
prone Type III organic matter. According to 
Peters (1986), concentrated Type III organic 
matter in coals (with HI values <300 mgHC/g 
rock and with 82183 ratio >5) does not respond 
during Rock-Eval pyrolysis in the same manner 
as dispersed Type III organic matter (e.g., as in 
the mudstones). Coals typically plot between 
Type II and Type III organic matter area of the 
van Krevelen diagram. 

Rock-Eval pyrolysis studies indicate, 
however, that high oxygen index with low 
hydrogen index and low TOC (<0.5%) in 
argillaceous or mud-rich samples is directly 
influenced by a variety of variables such as C02 
released from carbonate minerals in the matrix 
or absorption of oxygen by clay minerals (Peters, 
1986). Outcrop samples are likely to show higher 
Sa and lower S1 and S2 values due to oxidation 
during weathering, resulting in high values for 
oxygen index (Durand and Monin, 1980). This is 
not the case for Tyee basin outcrop samples 
which have the same distribution of HI and OI as 
the well samples. Most well samples (e.g., 
Umpqua Group in Mobil's Sutherlin well, Tyee 
Mountain Member and Umpqua Group in the 
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Figure 4.7 Van Krevelen diagram (Hydrogen Index (HI) versus Oxygen Index (01)), 
showing the hydrocarbon-generative type. Most Tyee basin samples plot 
in the Type Ill (gas-prone) and Type W (very limited or marginal potential 
for gas) fields, but a few samples plot in the field between Type II (oil-prone) 
and Type Ill (gas-prone). 

Long Bell well, and Umpqua Group in Amoco F-1 
well) are also depleted in hydrogen (i.e., have a 
low hydrogen index), have low TOC (Fig. 4.4), 
and have high oxygen index. These data indicate 
that the organic matter was highly oxidized 
during transport before deposition and/or was 
oxidized by groundwater during early burial and 
diagenesis (Brown and Ruth, 1983). As a result, 
this oxidized Type IV organic matter can show a 
high Tmax value (Peters, 1986). 

In order to avoid the possible inaccuracy of 
oxygen index values, the type of organic matter is 
now generally classified on hydrogen index only. 
The distribution of hydrogen index values for all 
Tyee basin samples is shown in Figure 4.8A. 
Approximately 75 percent of the samples 
analyzed has a hydrogen index < 50. A hydrogen 
index of 50 is typical of organic matter with very 
limited to marginal potential to generate dry gas 
(methane). This fraction falls in or close to the 
field of Type IV organic matter, which is residual 
organic matter (i.e., inertinite) recycled from 
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older strata (Tis sot and others, 197 4). The 
remaining 20 percent of samples plots between 
hydrogen index values of 50 and 150, indicating 
the potential for dry gas only (Type III, Tissot 
and others, 197 4). Only five percent of the 
samples has a hydrogen index > 150, typical of 
organic matter with the potential to generate oil 
or wet gas (Type II or Type III organic matter, 
Tissot and others, 1974). These graphs confirm 
that potential source rocks in the Tyee basin 
have only limited ability to produce natural dry 
gas. A similar conclusion was reached by Law 
and others (1984) and by Niem and Niem (1990) 
based on fewer samples. Stratigraphic 
distribution of hydrogen index values shows that 
oil- and wet gas-prone organic matter occurs 
mostly in coal-bearing deltaic sequences 
(sequences II and IV) and in a few thin 
mudstones of the Bushnell Rock Formation, 
Slater Creek Member, Tyee Mountain Member, 
and Hubbard Creek Member (Fig. 4.9). The 
Cretaceous Whitsett limestone is also considered 
a source rock capable of generating oil and wet 
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Figure 4.8 (A) Overall distributions of hydrogen index and (B) pyrolysis S21S 3 yields. Most samples are gas-prone, but a few samples 
are oil- and gas-prone (Peters,J986). Stippled area represents 95% distribution of Eocene Tyee basin samples. 
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Figure 4.9 Hydrogen Index values as a function of stratigraphic unit. Most samples are gas-prone, but a few samples plot 
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mudstone interbed in the Cretaceous Whitsett Limestone is gas- and oil-prone. Note coals and carbonaceous 
mudstones (*) of deltaic members of Sequences II and Ware generally gas- and/or oil-prone. 

gas. Unfortunately, the potential of this unit as a 
source rock is limited because it is present only 
as isolated blocks in Mesozoic melange (Dothan 
Formation of Ramp, 1972) (Diller, 1898). Most 
other samples (lower Umpqua, Bushnell Rock, 
Tenmile, Camas Valley, Tyee Mountain, Hubbard 
Creek, Elkton, Bateman, and Spencer) are only 
gas-prone. 

Pyrolysis 82183 yield is also a useful 
parameter to determine the type of organic 
matter in potential source rocks. Rocks with 
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82!83 yield less than 3.0 are generally considered 
dry gas-prone source rocks; values of 82183 
between 3.0 and 5.0 are considered to be typical 
of source rocks with potential to generate oil and 
wet gas condensate; and values of 82/83 greater 
than 5.0 are common in oil-prone source rocks 
(Peters, 1986). More than 90 percent of Tyee 
basin samples are dry gas-prone source rocks 
(Fig. 4.8B). The remaining 10 percent of samples 
are oil- and wet gas-prone source rocks. Based on 
pyrolysis 82183 yields, carbonaceous mudstone 
and coal beds in deltaic units of sequences II and 
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IV (Remote, Coquille River, and Baughman 
members) appear to represent better oil-prone 
source rocks than any of the marine and non
marine mudstone units in the basin (Fig. 4.10). 
Although coals, in general, tend to be principally 
gas-prone terrestrial macerals, some coal basins 
produce petroleum because the coals contain high 
proportions of algal matter (alginite); for 
example, in China and Australia. Many Tyee 
basin coals accumulated in estuarine or paralic 
settings and, therefore, may include more 
alginite. Detailed coal petrography would be 
needed to determine whether these coals do 
contain more alginite. Although some Tyee basin 
coals are oil-prone, any oil that might be formed, 
given proper burial depth, might not be able to 
migrate out of the coal as readily as gas (P. Lillis, 
U.S. Geological Survey, 1994, pers. commun.). 

Other source rock analyses to determine the 
types of hydrocarbons which could be generated 
are visual kerogen typing and C 15+ extract with 
gas chromatography (Figs. 4.11 and 4.12). These 
analyses were conducted by petroleum company 
and by geochemistry consultants on fewer 
samples and mostly on lower Umpqua Group and 
Tyee Mountain Member samples from wells 
(Table 4.1 in Appendix). Microscopic inspection 
indicates that most kerogen in marine and non
marine mudstone samples is terrestrial 
herbaceous pollen and structured woody material 
(Brown and Ruth, 1983; Long, 1994; Fig. 4. 11). 
This type of kerogen is mainly vitrinite which 
tends to be gas-prone (Tissot and Welte, 1978). 

Oil- and wet gas-prone alginite, inertinite, 
and amorphous kerogen are typically minor and 
variable components. Some deep-marine 
mudstone in the lower Umpqua Group has higher 
concentrations of oil-prone alginite and exinite. 
Some lower Umpqua samples have high 
concentrations of inertinite (i.e., 60 to 80% in 
Mobil Sutherlin Unit 11 well), suggesting 
recycling of organic matter. Browning and 
Flanagan (1980) reported Upper Cretaceous pine 
pollen in several units. In addition, Eocene 
strata penetrated by exploration wells generally 
contain low amounts (average 319 ppm) of 
extractable C15+ bitumen (Fig. 4.12A). A few 
(<5%) have C15+ extracts > 1000 ppm. The 
bitumen is high in asphaltene and non-soluble 
organic compounds (NSO), and this 
nonhydrocarbon fraction routinely amounted to 
65 to 85% of the total C15+ extractable (Table 4.1 
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in Appendix and Fig. 4.12B). This kind of 
nonhydrocarbon fraction is usually abundant in 
shallow immature petroleum and decreases with 
increasing depth and subsequent cracking (Tissot 
and Welte, 1978). This suggests that only minor 
generation of petroleum has occurred. For 
example, the bitumen extracted from Eocene 
Tyee basin strata is low in saturated and 
aromatic hydrocarbons compared to average 
values for crude oils or "typical" source rock 
bitumens compiled by the French Petroleum 
Institute (Tissot and Welte, 1978) (Fig. 4.12B). 
In many Umpqua Group and Tyee Mountain 
samples, noticeable sterane and terpane 
components are present as long-chain normal 
paraffins> C25 (Haykus in Newton, 1980) (Fig. 
4.13). A high pristane and phytane ratio 
(generally > 2) in most marine mudstone units 
encountered in wells (Table 4.1 in Appendix) and 
occurrence of terrestrial waxes (n-alkanes with 
mainly odd-carbon numbers from C25 to C33 in 
the Amoco Weyerhaeuser F-1 and Mobil 
Sutherlin Unit #1 wells) also suggest a 
dominantly terrestrial origin of the Tyee basin 
organic matter (Brown and Ruth, 1983). 

In summary, the bitumen extracts indicate 
substantial input of terrestrial organic matter 
during Eocene deposition in the Tyee basin 
(Tissot and Welte, 1978; Waples, 1980). In a few 
cases (e.g., Long Bell well cuttings from 4560, 
6880, and 8120 feet; lower Umpqua Group, 
Brown and Ruth, 1983), the C15+ saturated 
hydrocarbon distributions are similar to very 
mature hydrocarbon, i.e., low pristane and 
phytane ratios, along with no predominance of 
odd-carbon-numbers (i.e., low carbon preference 
index values) (Table 4.1 in Appendix and Fig. 
4.14). Also the amount of saturated 
hydrocarbons in these C 15 + extracts for a few 
Umpqua samples is high relative to the total 
bitumen content (average 20%; Table 4.1 in 
Appendix). It suggests that some mature 
hydrocarbons could be generated locally as deep, 
basin center gas from some Umpqua Group deep
marine mudstone; for example, in the Smith 
River subbasin (Law and others, 1994). 



Alginite + Amorphous + Exinite 

Inertinite 

+ Spencer Formation (n•l) 

• Tyee Moantaln Member (n•l'l) 
o Remote Member (n.t) 
o Upper Umpqua Croup (n-12) 

D Berry Cftelt Member (a-1) 

m Tenmile Fonnatlon <-1) 
II Slater C..k Member (n•l) 

• B.m.en Rock Formation (n-t) 
• Lower Umpqua Croup (a-36) 

Vitrinite Inertinite 

Alginite + Amorphous + Exinite 

WetGu 
+ 

Condensate 

DryGu 

Figure 4.11 Visual kerogen analyses from 84 Tyee basin samples. Most samples are from exploration wells (Long Bell #1, 
Amoco Weyerhaeuser F -1, Union Liles, Mobil Sutherlin# 1, Glory Hole, Scott #1, Great Discovery #2). 
Comparison of these data with the reference diagram (Tissot and Welte,1978) indicates that most organic 
matter in Eocene strata are dry gas-prone and wet gas-prone. However, a few samples of lower Umpqua 
Group are oil-prone. 
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Figure 4.12 (A) C15+ extract levels ofTyee basin samples from jive exploration wells (Long Bell #1, Harris 1-4, 
Weyerhaeuser F-1 and B-1, and Mobil Sutherlin #1) and (B) General composition ofC15+ bitumen 
extracts. Tyee basin strata (mainly Tyee Mountain Member and lower Umpqua Group) contain low 
amounts of extractable C15+ bitumen. Two samples (3590 ft (lower Umpqua Group) in the Mobil 
Sutherlin #1 well and 1050 ft (Tyee Mountain Member) in the Harris 1-4 well) contain high amounts 
(> 1,100 ppm) of extractable C15+ bitumen. Note the bitumens from Tyee basin are low in aromatic 
and saturated hydrocarbons compared to the average values of gross composition of crude oils or 
Ntypical" source rock bitumens compiled 1Ty the French Petroleum Institute (Tissot and Welte, 1978). 
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Figure 4.13 Gas chromatograms of Umpqua mudstones. A) lower Umpqua mudstone and B) upper Umpqua mudstone. 
The organic matter in Umpqua mudstones is mainly steranes and terpanes which are also typical of 
thermally immature sedimentary strata (from Tybor, in Newton, 1980). 
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Figure 4.14 Bitumen chromatograms of three deep-marine Umpqua mudstones compared to oil standard 
(from Long Bell well,from Brown and Ruth, 1983 ). 



Level of thermal maturity 

Most Tyee basin samples (95%) show vitrinite 
reflectance values < 0.8% Ro (Fig. 4.15A). They 
generally cluster around 0.5 to 0. 7% Ro. merely 
marginal levels of oil and wet gas generation and 
significantly below the generation level of dry gas 
at 1.0% R0 for Type III organic matter (Fig. 
4.15A). The top of the maturation window varies 
with the type of organic matter from 0.5 to 1.0% 
Ro; the bottom of the window varies from 1.4 to 
3.5% Ro (Tissot and Welte, 1978; Espitali~, 1985). 
Thermogenic (metagenic) dry gas is thought to be 
generated at vitrinite reflectance values above 
1.0% Ro for woody or terrestrial Type III kerogen. 
The distribution of vitrinite reflectance (% Ro) 
data suggests that most Eocene Tyee basin units 
and some pre-Tertiary units are not sufficiently 
mature to generate thermogenic (metagenic) gas 
and are marginally mature for oil and wet gas 
(condensate). However, vitrinite reflectance 
values for some samples are > 0. 7, which 
indicates that Type II and Type III kerogens are 
sufficiently thermally mature to produce wet gas 
and oil (Figs. 4.15A, 4.16, 4.17, 4.18). 

Generally, vitrinite reflectance values 
increase with depth due to increase in 
geothermal gradient and increasing absolute age 
of the rock with depth (e.g., Figs. 4.16 and 4.18). 
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White Tail Ridge and post-White Tail Ridge 
strata (sequences II, III, and IV) are largely 
immature, whereas pre-White Tail Ridge strata 
(sequence I) are marginally mature to immature 
for Type II and Type III kerogen (Fig. 4.16). 
Deeper burial, attributable to underthrusting, 
may also have resulted in maturing some of these 
subduction zone strata (i.e., sequence 1). Other 
exceptions to the generalization that Tyee basin 
units are immature and submature, however, do 
occur (Figs. 4.16, 4.17, and 4.18A). For example, 
two mudstone samples of lower and upper 
Umpqua Group have very high vitrinite 
reflectance values of 2.4 and 2.1 (Figs. 4.16, 4.17, 
and 4.18A). These two samples are mudstones 
baked by basaltic sills (1) at a depth of 5595 feet 
in the Long Bell well (column 1 in fence diagram) 
and (2) in an exposure near Dickinson Mountain 
(column 22 in fence diagram) (Figs. 4.16, 4.17, 
and 4.18; Plate 3C). 

Thermal maturity of organic matter in Tyee 
basin samples is also evaluated based on the 
Tmax of the 82 peak (Fig. 4.15B). The 
maturation range of Tmax varies for different 
types of organic matter (Tissot and Welte, 1984). 
The range of variation of Tmax is narrow for 
Type I kerogen, wider for Type II, and much 
wider for Type III kerogen due to the increasing 
structural complexity of the organic matter 
(Tissot and others, 1987). The maturation level 
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Figure 4.15 Overall distribution ofVitrinite Reflectance (A) and Tnw: (B)for Tyee basin samples. Stippled area represents 95% 
distribution of samples. I I = maximiUII maturation range for different types of organic matter (Type I= 
highly oil-prone, Type II= oil-prone, and Type Ill= gas-prone). Maturation scale from Espitalie (1985). 
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Figure 4.16 Vitrinite reflectance values as a function of stratigraphic unit and increasing depth. Note the vitrinite reflectance 
value increases with depth. High vitrinite reflectance values (2.1 and 2.4 %R0 ) of lower and upper Umpqua Group 
are due to basaltic intrusions (e.g., Long Bell #1 well). Data point for 1.75 %R0 in the Tenmile Formation is from 
Law and others (1984), but exact location is not available and stratigraphic unit is questionable. Stippled area 
represents maturation level for Type II and Type III organic matter. 



INDEX MAP 

Cape 
Blanco 

0 5 10 15 
(miles) 

Vitrinite Reflectance (%Ro) 

® >1.0 

® 0.7-1.0 

0 0.6-0.7 

c 0.5-0.6 

+ <0.5 

Figure 4.17 Distribution of vitrinite reflectance(% Ro) data. Most Eocene Tyee basin units are not sufficiently 
mature to generate thermogenic gas (Ro < 0.7). Only nine samples (circled) are thermally mature 
to generate oil and wet gas (Ro > 0.7). Arrow indicates Umpqua mudstone baked by basaltic sill 
near Dickinson Mountain. 
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Figure 4.18 Downhole maturity profiles based on vitrinite reflectance for wells in the western area (A) and the eastern area (B) 
of the Eocene Tyee basin. Most Tyee basin units are thermally immature to generate dry gas from Type Ill organic 
matter. However, R0 values for some samples (e.g., Weyerhaeuser F-1 well) are greater than 0.7 %R0 (dotted line), 
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Figure 4.19 Pyrolysis T max values of Tyee basin units as a function of stratigraphic unit and depth. Stippled area represents 
maturation level for Type II and Type Ill organic matter. Reliable T max values only (S2 > 02; TOC > 05). 

of Type I and II organic matter ranges from 
430°C to 4 70°C; this range also represents " the 
oil window" (Tissot and others, 1987; Peters, 
1986). The onset of maturity for Type III 
terrestrial organic matter is 465°C to 470°C; 
Tmax > 4 70°C represents the dry gas-zone (Tissot 
and others, 1987; Peters, 1986). Most Tyee basin 
samples (95%) in Rock-Eval pyrolysis yielded 
Tmax values < 4 70°C (Fig. 4.15B). They 
generally group from 425°C to 445°C, 
significantly below the maturation window of dry 
gas-prone terrestrial Type III organic matter 
(Fig. 4.15B). Therefore, almost all Tyee basin 
units are thermally immature to generate dry gas 
from Type III organic matter. However, locally in 
some deep wells and in outcrop (Figs. 4. 19, 4.20, 
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and 4.21) Umpqua Group units are marginally 
mature for Type II and Type III organic matter 
(e.g., Scott 11 and Glory Hole #1 wells) whereas 
the same units farther north and overlain by 
thicker sections of sedimentary rock are 
thermally immature (Fig. 4.29 and Plate 3D). 
These data suggest that areas in the southern 
part of the basin were once more deeply buried 
but have been subsequently uplifted and stripped 
of overlying sedimentary rock (e.g., Coos Bay 
upper Eocene to middle Miocene (?) strata). 

Tmax values of Tyee basin samples generally 
increase as a result of increasing burial depth 
(i.e., older, more deeply buried rocks have higher 
Tmax values) (Figs. 4.19 and 4.21). In general, 
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Figure 420 Distribution of reliable Tmax (S2 > 02; TOC > 05) data. Almost all Tyee basin units are 
thermally immature to generate thermogenic gas (T max < 450 OC) from Type II and Type III 
organic matter. Only eleven samples (circled) are thermally mature, but the same units farther 
north are thermally immature. These data suggest that southern part of the basin was once more 
deeply buried but has been subsequently uplifted and stripped of overlying sedimentary rocks 
(e.g., Coos Bay basin strata). The Spencer coal bed (arrow) is thermally mature due to heating by 
a Western Cascades pluton. Note pre-Tertiary mudstone near the Agness is also thermally mature 
to generate oil and wet gas. Five samples (numbered 1 to 5) have the best maturity in the basin 
(see Table 4.3). 
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Figure 4.21 Downhole maturity profiles based on reliable T max (S2 > 0.2; TOC > 05) value for wells in the western area (A) 
and the eastern area (B) of the Eocene Tyee basin. Most Tyee basin samples are thermally immature with respect to 
Type II and Type III organic matter. However, Tmax values of some wells (e.g., Scott#] and Glory Hole #1 wells) 
are greater than 450"C, which indicates that Type II and Type III organic matter are thermally mature to generate 
wet gas or possibly oil. Note the reversal in the maturity trend ofT max in the Scott# 1 and Glory Hole # 1 wells. 
The general reversal may be due to thrust faults. Thrusts may have emplaced thermally more mature strata over 
thermally less mature strata or the higher T max values may be due to migration of hydrothermal fluids along faults. 
Dotted line represents top of maturation level for Type II and Type III organic matter (T max = 450 "C). 



the trend of increasing Tmax is similar to the 
vitrinite reflectance. That is, the older White 
Tail Ridge and pre-White Tail Ridge strata are 
marginally mature to mature, and all of the 
younger post-White Tail Ridge strata are 
dominantly immature to marginally mature with 
respect to Type II and Type III kerogen (Fig. 
4.19). 

Although thermal maturity (i.e., R0 and 
Tmax) usually increases linearly with depth and 
with higher burial temperatures, anomalous 
variations can result from unconformities, faults, 
erosion of overlying units, and other local factors 
(e.g., flash heating by intrusion of basalt sills; 
Fig. 4.18) and from changes in the relative 
abundance and type of organic matter (e.g., 
recycled) (Peters, 1986). The Scott # 1 well, for 
example, shows a reversal in the maturity trend 
of Tmax at depths of 2200 to 2800 feet and at a 
depth of 1200 feet (Fig. 4.21). This suggests the 
thermal influence of a thrust fault which has 
brought a plate of more deeply buried, matured 
strata over immature to marginally mature 
shallow-buried strata. The Glory Hole # 1 well 
also shows a reversal in the maturity trend at a 
depth of 1400 feet (Fig. 4.21). These two wells 

UNIT SAMPLE NO. ROCK TYPE TOC 

Spencer R-92-{)27 Coal Very Good 
Bateman R-89-172 Coal Very Good 

Baughman Law&: others Coal Very Good 

Baughman N-92-1001 Coal Very Good 

Baughman Law &: others Coal Very Good 

Baughman B&:F Coal Very Good 

Baughman R-89-044 Coal Very Good 

Baughman B&:F ? Very Good 

Hubbard Creek RN-90-144 Siltstone Very Good 
Coquille River N-90-358 Coal Very Good 

Coquille River RN-91-099 Coal Very Good 

Remote RN-91-270 Coal Very Good 

Remote KL-93-14-1 Coal Very Good 
Remote Law&: others Coal Very Good 

Remote R-92-017 Coal Very Good 
Remote N-91-116 Coal Very Good 

Remote KL-93-13-1 Coal Very Good 
Remote RN-91-391 Coal Very Good 

L.Umpqua Harris3000 Mudstone Very Good 
L.Umpqua N-91-131 Mudstone Very Good 

Pre-Tertiary Law &: others Mudstone Very Good 
Pre-Tertiary Law &t others Mudstone Very Good 
Pre-Tertiary KL-93-11-5 Umestone Very Good 

"See Figure 4.5 for location 

are on strike with the Bonanza thrust fault zone 
and probably intersected these thrusts (Fig. 4.2). 

Source rock potentwl and maturation mechanism 

The samples with the highest total organic 
carbon content(> 2.0 weight percent) are listed in 
Table 4.2. The samples are grouped by formation 
and ranked by generative potential. All the coals 
and carbonaceous mudstones in the deltaic units 
rate as very good potential source rock for gas 
and possibly oil based on the total organic carbon 
content (Table 4.2). Also one sample from the 
Whitsett Limestone is ranked as potential source 
rock (Table 4.2). The dark micrite containing 
pelagic foraminifers and coccoliths emits a 
petroliferous odor when broken and is 
interbedded with carbonaceous mudstone. 
However, these Cretaceous (Albian - Aptian) 
limestones occur as isolated scattered small 
blocks in the Mesozoic m~lange and thus are 
geographically limited as source rock. 

For an organic-rich source rock to become an 
effective source rock, it must have reached a 
maturity level sufficient to generate 
hydrocarbons (Tissot and Welte, 1978). Two 

HI(S2/TOC) Tmax Ro LOCATION 

Gas Immature Immature "21 

Gas&:Oil Immature N/A •t9 

Gas &:Oil Immature Immature "'6 

Gas Immature N/A "8 

Gas&:Oil Immature Immature "7 
? Immature N/A "'5 

Gas Immature N/A •15 

? Immature N/A "'5 
Gas&:Oil Immature N/A "20 

Gas Immature N/A •17 

Gas&:Oil Immature N/A •t3 

Gas&:Oil Mature Immature •to 

Gas&:Oil Immature Immature •n 
Gas Immature Immature '"12 

Gas Mature Immature "9 

Gas Immature N/A ~6 

Gas Immature Immature "3 

Gas Immature N/A •4 

Gas Immature N/A Fig. 4.2 (12) 

Gas Immature N/A ~8 

Gas Immature Immature ~ 

Gas Immature Immature "2 
Gas&:Oil Immature Immature ~4 

Table 4.2. Source rock samples that have the best generative potential in the Tyee basin. 
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binary plots ofhydrogen index versus maturation 
(i.e., Tmax and Ro) show the hydrocarbon
generative type (i.e., gas or oil or mixed) of 
potential source rocks and levels of maturation 
(Figs. 4.23A and 4.23B). Most Tyee basin 
samples are thermally immature, (i.e., below the 
stippled areas on Fig. 4.23), including samples 
with the highest HI (Table 4.2), such as coals 
which, although organic-rich, have not been 
buried or heated sufficiently to generate either oil 
or gas. Only twelve samples are mature and 
within the generation window for each type of 
organic matter (Type I, II, and III) to generate 
oil, oil and gas, and/or dry gas only. Thermally 
mature samples are from the Hubbard Creek 
Member (3 samples), Remote Member (1 sample), 
Tenmile Formation (5 samples), Bushnell Rock 
Formation (2 samples), and Umpqua Group (1 
sample). Some are associated with thrusts or 
basaltic sills. However, the source rock 
generative potential of these thermally mature 
samples is generally poor to fair (i.e., too lean to 
produce much hydrocarbon) (Table 4.3 in 
Appendix). 

Sequence 

HST 

IV 

III 

II 

I 
LST 

In summary, source rock analyses of Tyee 
basin strata indicate that the best generative 
potential is found in coals and carbonaceous 
mudstones in the deltaic units of the upper 
Umpqua Group (e.g., Coquille River and Remote 
members) and the overlying forearc basin units, 
such as the Baughman Member of the Tyee 
Formation, and the Bateman and Spencer 
formations (Fig. 4.22). Rocks that have 
sufficiently high levels of thermal maturation to 
produce oil and thermogenic gas are generally 
organically lean deep-marine and shelf/slope 
mudstones of the underlying lower Umpqua 
subduction zone units (e.g., Bushnell Rock 
Formation, Slater Creek Member, Tenmile 
Formation, and Berry Creek Member) (Fig. 4.22). 
Cretaceous pelagic limestone and coals and 
carbonaceous mudstones of the deltaic Remote 
Member represent the most effective source rocks 
in the Tyee basin and northern margin of the 
Klamath Mountains in terms of source rock 
generative potential and thermal maturity (Fig. 
4.22). 

IMMATURE 
to 

SUBMATURE 

,. only in Western Cascade foothills near sills and/or where hydrothermal fluids have migrated up faults. 

Figure 422 Source rock generative potential and maturity of each stratigraphic unit of the Tyee basin. 
Stippled pattern indicates units that have both good generative potential as source rock and 
those that have been locally matured enough to generate hydrocarbons. 
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Figure 4.23 Plots of(A) Hydrogen Index (HI) versus pyrolysis T max values and (B) Hydrogen Index (HI) versus vitrinite 
reflectance values showing the hydrocarbon-generative type and level of maturation of Tyee basin samples. 
Stippled pattern represents the range of values that are mature for each hydrocarbon-generative type. Most 
samples plot on the field of gas-prone and thermally immature, but 12 samples plot on the mature fields of 
oil-prone, gas- and oil-prone, and/or gas-prone only. These twelve samples are listed in Table 43. 
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Natural Gases in the Tyee Basin 

Nat ural gas or oil has been reported from 42 
localities in the Tyee basin (Table 4.4 in 
Appendix and Table 4.5; Fig. 4.24). Niem and 
Niem (1990) compiled 34 seeps and shows; 8 
additional gas seeps were found during the 
course of this investigation (see also Kvenvolden 
and others, 1995). Many seeps issue from coal
bearing units (e.g., White Tail Ridge Formation) 
and from lower Umpqua and Klamath Mountains 
marine units (Table 4.5 and Fig. 4.24). Some dry 
water wells which have been capped display 
strong flows of gas under pressure (e.g., S5 and 
S7 on Table 4.5). When lighted, these produce 
flames a few feet long which bum vigorously. 
Eventually the well loses pressure, suggesting 
that these are small pockets of gas. 

Many seeps are clustered in water wells near 
the towns of Melrose and Lookingglass in the 
farm and ranch land of Flournoy and Camas 
valleys west of Roseburg. The gas appears to be 
methane from coals and carbonaceous overbank 
mudstone and sandstone in the White Tail Ridge 
Formation (e.g., water wells on Fig. 4.24 and coal 
core holes on Table 4.5). Oil and gas shows also 
are reported in these valleys in the Kerrin, 
Dillard, Scott 11, Ziedrich #1, and Glory Hole 
exploration wells (Fig. 4.24; Niem and Niem, 
1990). A drill stem test in the Ziedrich 11 well 
yielded 8 to 10 Mcfd. Additional gas shows would 
probably be reported in tcoal-bearing White Tail 
Ridge strata and in the Baughman Member on 
the west side of the Tyee forearc basin (i.e., from 
Agness to Remote to east of Reedsport) if that 
area were more densely populated (two shows 
were noted in Baughman and Remote coals; S22 
and S17 on Table 4.5). 

Other shows and seeps of gas and oil have 
been reported in roadcut exposures and in water 
wells that penetrated lower Umpqua Group 
strata. The locus of these shows and seeps occurs 
in the Bonanza fault zone between Nonpareil and 
Melrose and in the Reston fault zone between 
Lookingglass and Roseburg (Fig. 4.24). For 
example, fluorescing "oil" was reported in 
slickensided fractures in cores of Tenmile 
mudstone and Bushnell Rock conglomerate and 
sandstone in the Scott No. 1 exploration well 
which is on strike with the Bonanza fault zone 
(Niem and Niem, 1990; Ryu and others, 1992). 
Mobil reported several ppm of flammable gas 
along the strike of the Bonanza fault zone near 
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Gassy Creek, east of Nonpareil (S 1 and S2 on 
Table 4.5; Seeley, 1989, pers. commun. in Niem 
and Niem, 1990). Natural gas seeps probably 
occur in lower Umpqua strata along the 
continuation of the Bonanza fault zone west of 
the Tyee escarpment between Remote, Powers, 
and Myrtle Creek (Fig. 4.24), but the lack of 
population and water wells in that area limits 
detection. 

North of the Bonanza fault zone, gas seeps 
occur in water and exploration wells and in 
fractures in tlower Umpqua turbidites and slope 
mudstone in anticlines and homoclines. The 
Mobil Sutherlin No. 1 tested 28 Mcfd at 3,000 
feet in Umpqua turbidite strata in the Oakland 
anticline (Fig. 4.24). The axis of the anticline, 
which most likely is a fault-propagation fold, is 
locally tightly folded and faulted and fractured in 
outcrops east of Sutherlin. 

Natural gas also was detected in the 
Mesozoic terranes of the northern Klamath 
Mountains (e.g., Dothan Formation and Myrtle 
Group of Ramp, 1972; Wells and others, in prep.). 
Gas appears as bubbles in shallow water wells 
(<200 ft deep) and issues from fractures in 
Dothan Formation southeast of Roseburg near 
Glengary and near Agness. The Dothan 
Formation is a melange of sheared mudstone 
which contains blocks of intensively fractured 
and jointed turbidite sandstone. The blocks 
range in size from <100ft to >600ft long. There 
are a few building-size tectonic blocks of 
petroliferous carbonaceous shale and limestone 
(e.g., Whitsett limestone) within this melange. 
Mark Pawlewicz of the U.S. Geological Survey 
reports bitumen in these limestone samples 
(Kvenvolden and others, 1995). Two exploration 
wells in less deformed Myrtle Group sandstones 
also reported some shows of natural gas (Fig. 
4.24; Niem and Niem, 1990). Gas seeps are 
probably more numerous and widespread in the 
tectono-sedimentary terranes of the northern 
Klamath Mountains, but low population density 
also results in few water wells and few 
observations of seeps. 

Results of recent gas chromatograph and 
isotopic studies of natural gases collected in 
several water and exploration wells and from 
fresh exposures of coals and mudstone in the 
Tyee basin and adjacent areas are reported by 
Kvenvolden and others (1994, 1995). These gases 
have a narrow molecular composition. The gases 



QO 
QO 

Locality No. Location SEC.TS.RW Source of Data 
51 Nonpareil 32,24,03 Mobil (1980) 

52 Nonpareil 25,24,04 MobU(1980) 

53 Melrose 21,26,06 Olmstead (1989) 

54 Melrose 26,26,07 Olmstead (1989) 

55 Melrose 35,26,07 Newton (1980) 

56 Melrose 36,26,07 BLM(1989) 

57 Melrose 36,26,07 Niem (1990) 

58 Edenbower 09,27,06 Stewart (1954) 

59 Edenbower 21,27,07 Olmstead (1989) 

510 l..ookingglass 32.27,07 Treasher (1942) 

511 l..ookingglass 03,28,07 Olmstead (1989) 

512 Winston 02.28,06 MobU(1980) 

513 Agness 13,35,12 Mobil (1980) 

514 Tenmile 11,29,08 Kvenvolden &.: others (1995) 

515 Camas Valley 16,29,08 Kvenvolden &.: others (1995) 

516 Camas Valley 3,30,09 Kvenvolden & others (1995) 

517 Remote 28,29,10 Kvenvolden &. others (1995) 

518 Glengary 32. 28,05 Kvenvolden & others (1995) 

519 Glengary 33,28,05 Kvenvolden &. others (1995) 

520 Hubbard Creek 20,25,07 Wells (1994, pers. commun.) 

521 Sutherlin 20,25,05 Wells (1994, pers. commun.) 

522 Powers 21,32,11 Newton (1980) 

523 Agness 07,35,11 Seeley (1989, pers. commun.) 

524 SW of Sutherlin 19,26,06 Seeley (1989, pers. commun.) 

525 SW of Sutherlin 04,26,06 Seeley (1989, pers. commun.) 

526 Coles Valley 26,26,07 Kvenvolden &. others (1995) 

527 Reedsport 02.22,12 Kienle (1989, pers. commun.) 

528 Glengary 20,28,05 Kvenvolden &others (1995) 

Table 4.5. Oil and gas shows in water wells and natural seeps. 

Comments Rock Unit Type of Seep J 
7.14 ppm flammable gas in air Lower Umpqua Group crack in rock 

7.86 ppm flammable gas in air Lower Umpqua Group crack in rock 

light oil seen rising on gas bubble Lower Umpqua Group crack in rock 

Strong flow of petroleum gas White Tail Ridge Formation water well 

methane (biogenic): Cl (522,000 ppm), White TaU Ridge Formation water well 

C2 (750 ppm), C3 (72.4 ppm),&.: C4 (36 ppm) 

gas White TaU Ridge Formation dry water well 

methane (biogenic): C1 (522,000 ppm), White Tall Ridge Formation water well 

C2 (750 ppm), C3 (72 ppm), &.: C4 (37 .2 ppm) 

gas White Tail Ridge Formation water well 
gas at 605ft (TO 1,109 ft) White TaU Ridge Formation coal core hole 

strong flow of gas at 615 ft White Tall Ridge Formation coal core hole 

small amount of light oil and gas White TaU Ridge Formation water well 

gasat75 ft Lower Umpqua Group crack in rock 

11.79 ppm flammable gas in air Dothan Formation crack in rock 

methane (biogenic); 49 ppm, iC4 Tenmile Formation water well 

methane; fr7 ppm White TaU Ridge Formation water well 

thermogenic gas Cl, C2 (230 ppm), C3, C4, &.: C5 White Tall Ridge Formation outcrop fractures or cleats 

methane; 29 ppm White TaU Ridge Formation outcrop crushed coal sample 

thermogenic gas Cl (13,500 ppm), C2 (7.4 ppm), Dothan Formation bubbling water well 

C3 (0.6 ppm), iC4, &. nC4 

methane (thermogenic); Ct (2.300 ppm), Dothan Formation bubbling water well 

C2 (1.5ppm),& iC4 

report of bubbling, flammable gas White Tall Ridge Formation water well 

report of flammable gas in dry well Lower Umpqua Group water well 

gas reported Baughman Member coal core hole 

detectable flow of natural gas Tenmile Formation fracture in rock 

during atmospheric lows 

detectable flow of natural gas Lower Umpqua Group fractures and joints in rock 

during atmospheric lows 

detectable flow of oil Lower Umpqua Group small pipe in stock well 

methane; 30.2 ppm Lower Umpqua Group abandoned water well 

black asphaltic or tarry? substance in fractures Tyee Mountain Member new landfill site 

and joints 

petroliferous odor from thin-bedded micritic Whitsett Limestone quarry 

limestone and carbonaceous shales when broken 
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Figure 4 24 Location map of oil and gas shows in wells and natural seeps in Tyee 
basin (from Niem and Niem, 1990; Kvenvolden and others, 1995 ). 
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are predominantly methane (C1; >99.8%, typical 
of very dry gas; Scott, 1993) and contain minor to 
trace amounts of C2, C3, C4 C5 and carbon 
dioxide. The C1/C2+C3 ratios ~fthese gases are 
high (i.e., 290 to >100,000; Fig. 4.25B). The 
methane displays a wide range of isotopic 
compositions (carbon s13c and deuterium SD· 
Figs. 4.25A and 4.25B). The isotopes suggest that 
both thermogenic and biogenic methane are 
present and that some gas samples are mixtures 
of both thermogenic and biogenic methane. 

One thermogenic gas sample was collected 
from a water well drilled in pre-Tertiary m~lange 
and broken formation (Dothan Formation [Sixes 
River terrane ofKvenvolden and others, 1995]) in 
the northern Klamath Mountains (S18 on Fig. 
4.24). It contained isotopically heavy methane 
(l)13c value of -33.3 and SD value of -155). 
Another Klamath Mountains water well gas 
sample has an isotopic composition that appears 
to be a mixture of biogenic and thermogenic 
methane (i.e., l)13c of -50.6 and SD of -134; Fig. 
4.25B). The isobutane to normal butane ratios of 
gas samples from these two shallow (<100 ft) 
Klamath Mountains water wells are similar to 
absorbed gas released by crushing Klamath 
~ountains turbidite sandstone, mudstone, and 
hmestone samples from nearby outcrops 
(Kvenvolden and others, 1995). This similarity 
suggests that the thermogenic gases from the 
shallow water wells were derived in situ from 
these pre-Tertiary marine rocks which were 
formerly more deeply buried and which have 
been intensely deformed and fractured during the 
subduction and accretion process. In the southern 
Tyee basin, thrust faults which bound tectonic 
blocks of locally m~langed and broken formation 
(Dothan strata) and/or deeply subducted lower 
Umpqua turbidite sandstone and mudstone may 
serve as conduits for migration of thermally 
mature gas into the overlying, less deformed, 
thermally immature strata of the Tyee and Coos 
Bay forearc basins (Kvenvolden and others, 
1995). Some natural gas issues from fractures 
and joints in lower Umpqua turbidite strata 
associated with these thrusts (e.g., S23, Table 
4.5) (Seeley, 1989, pers. commun. in Niem and 
Niem, 1990). 

Dry thermogenic methane derived from Type 
II and Type III organic matter normally requires 
a higher level of thermal maturation (i.e., Ro 
>0.8; Scott, 1993) than normally present in 
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outcrop and exploration well samples of the Tyee 
basin and northern Klamath Mountains. For 
example, one gas sample extracted from cleats in 
a fresh roadcut exposure of themially submature 
coal in the gently deformed White Tail Ridge 
Formation (upper Umpqua Group)(i.e., Ro <0.6% 
and Tmax <435°C) contains isotopically heavy 
methane (S16 on Fig. 4.25A). This thermogenic 
gas could have migrated up faults and 
microfractures from underlying thrust blocks of 
thermally matured Klamath Mountains 
m~langed strata and/or from more deeply buried 
and subducted lower Umpqua turbidites and 
slope mudstone (Kvenvolden and others, 1994, 
1995). Similarly, in the upper Eocene strata 
(Coaledo Formation) of the Coos Bay forearc 
basin, thermally immature coals (i.e., Ro <0.4) 
cored in an exploration well at depths of 1200 
and 1260 ft released dry methane that displays 
thermogenic carbon and deuterium isotopic 
signatures (Pappajohn, 1993, pers. commun.; 
Kvenvolden and others, 1994; Kvenvolden and 
others, 1995). Alternatively, the apparent 
thermogenic or heavy isotopic signature of these 
dry methane samples (Fig. 4.25A and 4.25B) may 
be the result of heretofore unexplained isotopic 
fractionation related to desorption, diffusion, 
and/or bacterial metabolic processes which 
generated these gases in situ from these 
thermally immature coals after uplift and erosion 
(Scott, 1993). 

Biogenic methane and carbon dioxide are 
prevalent in the coal-bearing members of the 
White Tail Ridge Formation in Lookingglass 
Valley and Camas Valley, especially west of 
Melrose (e.g., S5 and S7 on Fig. 4.24). Small 
pockets of methane are encountered by shallow 
water wells (i.e., <200ft deep). The biogenic gas 
appears to be coalbed gases derived in situ from 
subbituminous coals and carbonaceous 
mudstones in the gently deformed deltaic Remote 
and Coquille River members of the White Tail 
Ridge Formation (upper Umpqua Group) 
(Kvenvolden and others, 1995). Microbial dry 
methane also occurs in thin-bedded slope 
mudstone and turbidites of the Tenmile 
Formation in Camas Valley (S14 on Figs. 4.25B 
and 4.24). These biogenic gases from water wells 
in the Tyee basin are characterized by 
isotopically light methane; i.e., l)13c values of -
64.8, -63.9, and -64.9%o and SD values of -245 -
207, and -123%o (Figs. 4.25A and 4.25B). The 
biogenic gases probably formed in situ through 
secondary or late-stage microbial reduction 



associated with groundwater flow after uplift and 
erosion of these shallow-buried thermally 
immature coals and carbonaceous overbank 
mudstone (Fig. 4.25A). 

Similar late-stage or secondary dry gases 
composed largely of isotopically light methane 
are common in the U.S., China, and elsewhere in 
the world (Rice, 1993; Scott, 1993). These gases 
occur in the zone of alteration (shallow burial; 
tens to thousands of feet) associated with active 
groundwater flow in regional coal aquifers. These 
conditions favor aerobic oxidation of the coal and 
carbonaceous organic matter (in the adjacent 
sandstone and mudstone beds) which produces 
food for methanogens (anaerobic bacteria) that 
metabolize and form methane when dissolved 
oxygen in the groundwater in the coals is 
depleted (Rice, 1993; Scott, 1993). Thus, the 
biogenic gas in the Tyee basin could have been 
generated by degradation of organic matter in 
coal in the late stage of geologic history (i.e., last 
10,000 to 100,000 years) after uplift and erosion 
of the Coast Range and in association with 
groundwater flow. It may still be forming today. 
The natural gas may have migrated short 
distances from the coals and carbonaceous 
mudstone into adjacent sandstone beds by 
desorption and diffusion as meteoric water 
pressure was reduced by uplift and erosion 
and/or by pumping water wells. 

Alternatively, this biogenic methane may 
have been generated by methanogens in deltaic 
coals of the White Tail Ridge, Tyee, Spencer, and 
Bateman formations during the early stages of 
coalification at shallow burial depth and at low 
temperatures in the Eocene. Scott (1993), 
however, thinks that much of this early-stage 
biogenic methane is lost to the atmosphere or is 
lost by dissolution in groundwater migrating 
through the porous peats and lignites. 

Dry methane with a broad range and mixture 
of both thermogenic and biogenic isotopic 
signatures similar to gases sampled in the Tyee 
basin is common in exploration and water wells 
throughout the Pacific Northwest, including the 
Mist Gas Field of northwestern Oregon (e.g., 
Armentrout and Suek, 1985; Snavely and 
Kvenvolden, 1988; Kvenvolden and others, 1989; 
Stormberg, 1992; Johnson and others, 1993). The 
principal source rocks appear to be coals and/or 
lean mudstone source rocks of marine origin in 
which the organic matter is mostly gas-prone 
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terrestrial Type III and Type II similar to Tyee 
basin strata. 

Recently, Mango and others (1994) suggested 
from experimental studies that natural gas 
(largely methane) with a wide variation of 
isotopic compositions (as displayed by Tyee basin 
gas samples) can be generated from carbonaceous 
sedimentary rocks under relatively shallow 
burial and mild temperatures (approx. 200°C) 
due to catalytic action of transition metals. This 
catalytic process could explain the wide variation 
of isotopic compositions and mixtures of both 
"thermogenic" and "biogenic" dry methane in 
seemingly thermally immature carbonaceous 
source rocks, coals, and adjacent reservoir 
sandstones in the Tyee basin and other basins of 
the Pacific Northwest. This explanation would 
eliminate the elaborate deep burial generative 
processes and migration pathways for production 
of thermogenic natural gas (methane) as 
proposed here and for other Pacific Northwest 
basins (e.g., Stormberg, 1992; Kvenvolden and 
others, 1989). Ongoing studies of Pacific 
Northwest carbonaceous and coal samples are 
now being tested under laboratory conditions to 
determine if this is the case (Mango, 1995, pers. 
commun.). It is important to note that, regardless 
of whether this gas (methane) is thermogenic or 
biogenic in origin, it can accumulate in 
commercial quantities in Eocene deltaic reservoir 
sandstones in the Pacific Northwest, as in the 
Mist Gas Field of northwest Oregon. 



BASIN SUBSIDENCE HISTORY AND KINETIC MODEL 

FOR HYDROCARBON GENERATION 

In the preceding section, the source rock 
potential of Tyee basin units is evaluated in 
terms of source rock generative potential, type of 
hydrocarbon generated, and level of thermal 
maturity. The timing of hydrocarbon generation 
and expulsion (if any) from these source rocks can 
be evaluated further by reconstructing the 
geohistory of basin subsidence and uplift. A 
computer program, BasinMod, which was 
developed recently by Pratt River Associates, 
Inc., models the burial history of stratigraphic 
units and uses a kinetic model approach. This 
kinetic model simulates the evolution of 
hydrocarbons from three different types of 
organic matter (Type I, II, and III) against burial 
depth and geologic time, and provides a 
quantitative evaluation of the types of 
hydrocarbons that could (if any) have been 
generated during basin subsidence and later 
uplift. It also identifies which stratigraphic 
unit(s) could generate hydrocarbons. 

A composite section representing 45 
measured sections and 11 oil and gas exploration 
wells of Ryu and others (1992) was used to 
reconstruct the burial history of the southern 
Tyee basin. Table 5.1, in the Appendix, lists the 
stratigraphic thicknesses, ages, lithologies, 
porosities and permeabilities, and 
paleobathymetry entered as data from which the 
program calculated and drew this subsidence 
model. Thicknesses of stratigraphic units were 
decompacted using the Falvey and Middleton 
(1981) equation; a residual subsidence curve, 
derived by assuming Airy isostacy, adjusted for 
isostatic rebound. Paleobathymetry and age of 
various Tyee basin units are based on analysis 
and interpretation of assemblages of benthonic 
foraminifers, mollusks, and coccoliths (McKeel, 
Moore, and Bukry, 1989-94, written 
communications) and on radiometric dates. 

The burial subsidence model created from the 
composite section suggests that rapid deposition 
of Tyee basin sediment was initiated at 54 Ma. 
The time-depth history of the sediment, since 
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deposition, is shown by the solid lines in Figure 
5.1. The burial history consisted of very rapid 
rates of subsidence and sediment deposition in 
the early and middle Eocene (i.e., most Tyee 
basin units) until 37 Ma, at which time there was 
a brief period of uplift. Uplift was followed by 
renewed subsidence at a slower rate during 
deposition of upper Eocene to lower Miocene Coos 
Bay basin strata. At 15 Ma, uplift of the 
southern Coast Range began at a rapid rate in 
the late-middle Miocene (6,000 to 10,000 ft). 
According to Niem and others (1992c), the uplift 
rate slowed in the Pliocene and Pleistocene but 
continues today. The Tyee basin sediment is now 
(time=O) at a depth ofO to 20,000 feet. However, 
because the locus of sediment deposition changed 
during the history of the basin (i.e., in the early 
to middle Eocene; Ryu and others, 1992), this 
composite thickness overgeneralizes the total 
subsidence of the basin. Exploration wells 
penetrate <15,000 feet of strata overlying the 
Siletz River Volcanics. The overlying Coos Bay 
basin strata and Western Cascades volcanics 
which had overlaid the Eocene Tyee basin strata 
were entirely eroded off due to continual uplift 
after 15 Ma (Fig. 5.1). Today, the Coos Bay basin 
strata are only partially preserved in a structural 
downwarp along the western margin of the Tyee 
basin. Western Cascades arc volcanics form a 
major topographic high on the eastern flank of 
the Tyee basin. 

The second aspect of the BasinMod burial 
subsidence model is reconstruction of the 
temperature history of the basin. The subsurface 
temperature must be specified for every depth 
throughout the geologic past. The simplest way 
to do this is to determine the present geothermal 
gradient by using bottom-hole temperatures from 
exploration wells in the basin and assume that 
the temperature history of the basin has been 
constant throughout the time interval covered by 
the burial subsidence model. Bottom hole 
temperatures from 10 exploration wells in the 
Tyee basin were used to calculate the average 
geothermal gradient for each well and a regional 
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Figure 5.1 Burial subsidence model of Tyee basin stratigraphic units using a composite section (Ryu and 
others, 1992). Dotted line represents tectonic subsidence curve. Stratigraphic units were 
decompacted using Falvey and Middleton (CMP=FM) equation ( 1981 ). Thermal history (TH) is 
calculated using a steady state heat flow (SHF). Maturity (MAT) was derived from Lawrence 
Livermore National Laboratories Easy %Ro (IL). TG is thermal gain. Tl is time interval for 
calculation of maturity and expulsion. Expulsion (EXP) is based on vitrinite reflectance (VR). 

gradient was calculated as an average of all 10 
wells (Table 5.2 in Appendix; Fig. 5.2). The 
average regional geothermal gradient in the Tyee 
basin is 1.27°F/100 feet. This value is higher 
than the average geothermal gradient from 
uncorrected bottom-hole temperatures of other 
wells in the Pacific Northwest and the world 
average geothermal gradient of forearc basins 
applied by Brown and Ruth (1983). This higher 
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than expected geothermal gradient might be due 
to the anomalously high values of 1.81°F/100ft, 
1.54°F/100ft, and 1.46°F/100ft in the Scott, 
Amoco F-1, and Harris 1-4 wells (Table 5.2 in 
Appendix). There may also not have been 
sufficient time after drilling ceased for the 
drilling mud to cool before these bottom hole 
temperatures were taken. If these wells are 
excluded from the data base, the average 
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gradient for Tyee basin wells is 1.12°F/100ft 
which is closer to the forearc basin average. The 
average geothermal gradient of 1.27°F/100ft is 
}lSed, however, to reconstruct thermal history in 
the basin and is plotted on the burial subsidence 
and kinetic models as an isotherm (Fig 5.3). The 
isotherms (dotted lines) in Figure 5.3 thus 
represent the subsurface temperature during 
geologic time. 

Time and temperature are important factors 
in modeling hydrocarbon generation and 
expulsion from potential source rocks in a basin 
(Lopatin, 1971). These two factors are 
interchangeable; high temperatures acting for a 

95 

short time can have the same effect on thermal 
maturation of potential source rocks as a lower 
temperature acting over a longer time. Lopatin 
(1971) assumed that the relationship of maturity 
to time is linear; that is, doubling the cooking 
time at a constant temperature doubles the 
maturity (i.e., R0 and Tmax). Using the average 
geothermal gradient and the geologic age of each 
Tyee basin unit, the maturation level of each 
stratigraphic unit (i.e., Time Temperature Index, 
abbreviated TTl) can be calculated, assuming 
that the maturity reaction doubles for every 10°C 
increase in temperature (Lopatin, 1971). The 
resulting TTl value is then converted to vitrinite 
reflectance value and a maturity model is 
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constructed showing the level of maturation of 
each unit (Fig. 5.3A). This maturity model 
derived from TTl value is adjusted (as necessary 
due to the geothermal gradient) until the 
calculated vitrinite reflectance values match the 
measured vitrinite reflectance values. 

The maturity model suggests that lower 
Umpqua strata (e.g., Bushnell Rock Formation) 
first attained a vitrinite reflectance value of 0. 7 
%R0 during the middle Eocene ( 43 Ma). The 
model predicts that this level of maturity is now 
encountered in the middle part of the Tenmile 
Formation at a depth of 14,500 feet (Fig. 5.3A). 
Deeper than 14,500 feet, source rocks reached 
sufficiently high levels of thermal maturity (0. 7 
to 1.0 %Ro) to have generated thermogenic wet· 
gas. Also source rocks at depths of 8, 750 to 
14,500 feet (White Tail Ridge and Camas Valley 
formations) are sufficiently mature (0.5 to 0. 7 
%R0 ) to generate oil. However, potential source 
rocks overlying the Camas Valley Formation 
(e.g., Rasler Creek Tongue and Tyee, Elkton, and 
Bateman formations) have not been buried deep 
enough to generate significant amounts of 
thermogenic wet gas or oil even though some 
units contain organic rich coals and carbonaceous 
mudstones (Fig. 5.3A). 

Combining calculated vitrinite reflectance 
values with total organic carbon content (TOC) 
and type of organic matter (Type I, II, or III), the 
expulsion efficiency (the amount of hydrocarbons 
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expelled from a given source rock), is calculated 
to construct the kinetic model for the basin as 
shown in Figure 5.3B. Because the organic 
matter is predominantly Type III in the Tyee 
basin, the hydrocarbons expelled. from source 
rocks would be mainly thermogenic dry·gas 
(methane). This model does not include shallow· 
burial biogenic methane. The kinetic model 
indicates that, at present (t=O), the lower part of 
the Bushnell Rock Formation and pre·Tertiary 
mudstones are in the main phase of thermogenic 
gas generation and expulsion at depths greater 
than 17,500 feet (Fig 5.3B). The gas generation 
and expulsion from these units started at a burial 
depth of 22,500 feet during late·middle Eocene 
time ( 43 Ma). There is no evidence that these 
rocks were ever buried to such a depth based on 
Tmax and Ro measurements and thickness of 
stratigraphic sections (Ryu and others, 1992). 
The only exceptions are the pre·Tertiary units 
and some Umpqua strata that may have been 
subducted to great depth beneath the Klamath 
terranes in the early Eocene. However, that also 
is speculation. More realistic results might be 
obtained by using specific wells to generate the 
models rather than using a composite section for 
this tectonically active setting. For example, the 
locus of sediment deposition shifted through 
geologic time, and there were periods of uplift in 
the late·middle Eocene and late Eocene. Neither 
of these is factored into these simplified 
computer·generated models (see discussion in the 
next section). 



PETROLEUM SYSTEMS OF THE TYEE BASIN 

Magoon (1988) developed the concept of the 
"petroleum system" which emphasizes or 
implies the genetic relationship between a 
particular source rock and the resulting 
petroleum (or natural gas) accumulation. In 
contrast, basin analysis concerns a study of a 
structural or sedimentary depression and the 
lenticular body or prism of sedimentary rocks 
within that depression, regardless of any 
relationship to hydrocarbon accumulations. A 
petroleum system may occur within a part or all 
of the sedimentary basin or may extend beyond 
the borders of a basin into the adjacent geologic 
provinces. 

A play, according to Magoon (1988), tells 
whether the existing trap is detectable with 
geological, geophysical, or geochemical 
technology. A play need not include all the 
elements of a petroleum system. A prospect is a 
drillable trap within a play. The Petroleum 
Geology Branch of the U.S. Geological Survey has 
utilized the petroleum system (Magoon, 1988, 
1990, 1992) and more recently the play concept in 
that agency's assessment of the petroleum 
potential of the United States, including the 
Pacific Northwest (Gautier and Varnes, 1993). 

In order to better organize and synthesize 
source rock, maturation, porosity, permeability, 
and structural data to understand the oil and gas 
potential of this study area, we have followed 
Magoon's (1988) methodology for identifying 
petroleum systems and plays in the Tyee basin. 
We believe that the source rocks, maturation, 
migration paths, potential traps, and reservoir 
rocks are more likely to exist in some areas 
within the basin, in areas overlapped by the 
adjacent Western Cascades volcanic arc, and 
beyond the basin limits in the Mesozoic Dothan 
Formation of the northern Klamath Mountains 
borderland. Thus, we do not restrict our approach 
to basin analysis. 

The elements of a petroleum system, 
according to Magoon (1988) include: (1) a source 
rock for petroleum; (2) migration path(s); (3) 
reservoir rock; (4) seal; (5) trap; and the geologic 
processes that form these elements. All these 
elements must be appropriately arranged in 
space and time such that organic matter in the 
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source rock can be matured or converted to 
petroleum and migrate into petroleum 
accumulations. The areal extent of a petroleum 
system can be delineated by a line which 
circumscribes both mature source rock and oil or 
gas accumulations (Fig. 6.1). 

Magoon (1988) proposed the following 
conventions for naming petroleum systems. The 
system name should consist of the name of the 
source rocks, followed by the name of the major 
reservoir rock, followed by a symbol that 
indicates the level of certainty. 

Magoon (1988) classified petroleum systems 
into three levels of certainty: known, 
hypothetical, and speculative. In a known 
petroleum system, there is a good geochemical 
match between the source rocks and the existing 
oil or gas accumulation. In a hypothetical 
petroleum system, there are geochemical data 
that identify a source rock but don't match the 
source rock to a known oil or natural gas 
accumulation (e.g., Mist Gas Field, northwest 
Oregon). In a speculative petroleum system, 
geological or geophysical evidence is used to 
postulate the existence of a link between source 
rocks and potential oil and/or gas accumulations. 

If a petroleum system can be identified for a 
geographical area, it then can be classified into 
one of 12 categories based upon: (a) type of source 
rock (i.e., I, II, or III); (b) reservoir rock 
composition; and (c) whether the system is 
purebred or a hybrid (Magoon, 1988). In a 
purebred system, the structural framework did 
not change during the geologic existence of the 
system. In a hybrid system, there is a major 
structural reorientation from that which created 
the petroleum system. 

The level of certainty for any petroleum 
system is indicated by a punctuation mark within 
parentheses following the name of the system. 
For example, the name of a known petroleum 
system is followed by an exclamation point 
within parentheses; i.e., (!). Similarly, a 
hypothetical petroleum system is indicated by(.) 
following the name; and a speculative system is 
indicated by (?) following the name. 



Following Magoon's ( 1988) petroleum 
systems methodology, we have identified three 
speculative petroleum systems in the southern 
Tyee basin: Umpqua-Dothan-White Tail Ridge(?) 
hybrid petroleum system; Umpqua-lower Tyee 
Mountain(?) petroleum system; and Spencer
White Tail Ridge-Western Cascade Arc(?) 
petroleum system. Figs. 6.1, 6.2, and 6.3 are a 
map and schematic cross sections of the Tyee
Umpqua basin and bordering geologic provinces. 
These figures depict the hypothetical or 
speculative areal extent of petroleum systems 
and potential plays within each system. A heavy 
boundary line circumscribes the hypothetical or 
speculative petroleum deposits and the location 
of the source rocks that could have generated 
hydrocarbons in those accumulations. 

Umpqua-Dothan-White Tail Ridge(?) Hybrid 
Petroleum System 

Figure 6.1 is a map of the southern Tyee 
basin and surrounding geologic provinces; Figure 
6.2 is a NNW-SSE cross section in late Eocene 
time, showing the production of dry gas 
(methane) from two sources. Biogenic methane is 
produced in situ from coal and overbank 
carbonaceous mudstone source beds (largely Type 
III organic matter) in deltaic units, such as the 
Remote Member of the lower Eocene White Tail 
Ridge Formation. This natural gas may have 
migrated into stratigraphic traps in adjacent 
distributary channel sandstone and into up-dip 
pinch outs of delta front sandstone (e.g., Berry 
Creek and Coquille River members). Seals 
include neritic shelf/slope mudstone of the Camas 
Valley Formation. Isotopic and field studies 
indicate that biogenic gas in water wells in these 
deltaic-coastal plain units is largely derived from 
degassing of coals and disseminated plant debris 
in overbank carbonaceous mudstone and fine
grained sandstone (Kvenvolden and others, 
1995). Coals also could act as fractured gas 
reservoirs for coalbed gases (e.g., methane and 
C02) particularly if matured to bituminous grade 
(Pappajohn, 1994, pers. commun.). The other 
source for dry gas (methane) is deeply buried 
lower Eocene-Paleocene and pre-Tertiary 
sedimentary units. 

A maturity model (Lopatin diagram) was 
computed from the Twelvemile Creek measured 
section of Ryu and others (1992) (Fig. 6.4A). This 
model indicates that below a depth of 8,500 feet 
potential source rocks in the lower Umpqua 
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Group (lower part of the Tenmile Formation and 
Bushnell Rock Formation) and pre-Tertiary 
Klamath terranes would have reached 
sufficiently high levels of thermal maturity 
(>0.7%) by the middle Eocene to have generated 
wet-gas and oil (Fig. 6.4A). Gas-prone Type III 
organic matter in pre-Tertiary strata would have 
had an R0 of 1.0· to 1.3 at depths greater than 
14,500 feet by the middle Miocene (Fig. 6.4A). 
The kinetic model predicts that, at present, the 
lower part of the Bushnell Rock Formation and 
pre-Tertiary Dothan Formation are in the main 
phase of gas generation and expulsion at depths 
greater than 11,750 feet (Fig. 6.4B). 

Lower Umpqua Group strata may be more 
deeply buried in thrust slices interleaved with 
thrust slices of Mesozoic Dothan Formation and 
melange beneath the northern margin of the 
Klamath Mountains as a result of partial 
subduction or underthrusting (Figs. 6.1 and 6.2). 
Carbon and deuterium isotopic studies of natural 
gas from water wells which were drilled in 
Mesozoic melange indicate that the dry gas is 
thermogenic (metagenic) and was generated from 
Type III terrestrial organic matter (Kvenvolden 
and others, 1994). The gas could have migrated 
up along thrust faults into overlying deltaic 
White Tail Ridge sandstone and coal beds (Fig. 
6.2). Field data suggest that small quantities of 
natural gas are migrating and seeping out of 
fractured rocks associated with these thrusts 
(e.g., Bonanza fault zone; Fig. 4.24); some seeps 
emit thermogenic gas (e.g., S16 on Fig. 4.24, 
4.25A, and 4.25B). 

The metagenic dry gas could also have been 
formed earlier in the Late Cretaceous to 
Paleocene during melanging and subduction of 
Mesozoic to lower Eocene potential source rocks 
(Types II and III organic matter). This dry gas 
could then migrate into the overlying thermally 
immature to submature upper Umpqua deltaic 
reservoir sandstone (i.e., White Tail Ridge 
Formation) and possibly into fractured and 
jointed sandstone and conglomerate reservoirs in 
the Bushnell Rock, Tenmile, and lower Umpqua 
turbidite strata. The Camas Valley mudstone and 
diagenetically tight sandstone and mudstone of 
the Tyee Formation could act as a seal for 
natural gas accumulations west of the Tyee 
escarpment (Figs. 6.1 and 6.2). 

Some potential sandstone reservoir bodies in 
the deltaic White Tail Ridge Formation (i.e., 
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Coquille River Member) are also involved in or 
overlie fault-propagation folds associated with 
renewed movement on blind thrusts (e.g., Reston 
high of Ryu and others, 1992) that were formed 
during underthrusting or subduction as the 
Umpqua Group and Siletz River Volcanic crust 
were accreted to North America (i.e., Mesozoic 
Klamath Mountains). These structural traps 
were created prior to subsidence of the Tyee 
forearc basin and deposition of the upper White 
Tail Ridge (Remote Member and Rasler Creek 
Tongue), delta/submarine fan of the Tyee 
Formation, Elkton slope mudstone, and 
Bateman-Spencer-Coaledo formations and 
younger Coos Bay basin siliciclastic strata (3,000 
m, upper Eocene to upper Miocene). 
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Metagenic natural gas in the Umpqua
Dothan-White Tail Ridge (?) petroleum system 
was generated and started to migrate in the late
early Eocene during early deformation of the 
Umpqua basin associated with accretion. Later, 
subsidence created the Tyee forearc basin which 
trends obliquely across the strike (Ryu and 
others, 1992; Figs. 4.1 and 6.2). Therefore, this 
system would be classified as a hybrid petroleum 
system. In addition, because there is no known 
connection between the potential source rocks 
and potential reservoir rocks/traps and no large 
accumulations of natural gas (i.e., commercial 
gas pools) are known to exist, the Umpqua
Dothan-White Tail Ridge(?) petroleum system is 
speculative. 
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Figure. 63 Schematic geologic cross section showing White Tail Ridge-Spencer 
Western Cascades arc(?) hybrid petroleum system in the southern Tyee 
basin in late Miocene time. 

Except for the area west of the Tyee 
escarpment, much of the Umpqua-Dothan-White 
Tail Ridge (?) petroleO.m system has been 
breached by erosion since uplift of the southern 
Coast Range which began in the late-middle 
Miocene; only gas seeps remain (see Kvenvolden 
and others, 1995) (Fig. 6.1). Some oil shows also 
are reported in thrusts and fractured, thermally 
matured Bushnell Rock and Tenmile strata in 
the Scott No.1 well near Melrose in the southern 
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part of the Umpqua basin. There are also possible 
subthrust Umpqua plays beneath the northern 
margin of the Klamath Mountains and less likely 
some untested NE-SW-trending anticlines and 
blind thrusts in the lower Umpqua Group 
between Roseburg and Yoncalla north of the 
Umpqua arch and between Remote and Coquille 
(Fig. 6.1) 
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Umpqua-lower Tyee Mountain(?) Petroleum 
System; Basin Center Gas (?) 

A second more speculative petroleum system 
may exist in the center of the Smith River 
subbasin of Ryu and others (1992) and is named 
the Umpqua-lower Tyee Mountain(?) petroleum 
system. This petroleum system may include a 
tight-gas sandstone reservoir. According to Law 
and Spencer (1993), "tight-gas reservoirs are 
gas-bearing rocks that usually have an in-situ 
permeability to gas ofless than 0.1 md". 

Maturity and kinetic models for the Smith 
River subbasin were created, using data from the 
Long Bell well (Figs. 6.5A and 6.5B). These 
models show that the lower Eocene Umpqua 
mudstone (Type III terrestrial gas-prone organic 
matter) could have been buried sufficiently deep 
to generate thermogenic wet-gas and oil at peak 
generation. Umpqua Group mudstone may have 
been buried by several thousand feet of 
submarine fan facies of the middle Eocene Tyee 
Mountain Member and by upper Eocene strata of 
the Coos Bay basin during the Oligocene. In 
addition, flash heating caused by basalt sills (e.g., 
at a depth of 5,595 feet in the Long Bell well; Figs 
4.16 & 4.18) could have matured the gas-prone 
deep basinal Umpqua mudstones. The kinetic 
model for the Long Bell well suggests that the 
lower Umpqua Group entered the early phase of 
thermogenic gas generation in the Oligocene 
when burial depth exceeded 14,000 feet (Fig. 
6.5B). The model predicts that, at present, the 
lower Umpqua Group is in the early phase of 
thermogenic gas generation at depths greater 
than 7,650 feet. 

Gas could migrate up along faults and 
fractures to charge small accumulations in lower 
Tyee Mountain turbidite sandstones in which 
some secondary porosity and permeability has 
been noted (see Reservoir Potential section of this 
report; and Figs. 3.1 and 6.2). Mudstone beds and 
less permeable turbidite sandstones in the Tyee 
Mountain Member could act as seals although a 
seal and structural or stratigraphic traps are not 
necessary in tight-gas sandstone reservoirs (Law 
and Dickinson, 1985; Law and others, 1994; Law 
and Spencer, 1993). These accumulations may 
occur in untested anticlines which were formed in 
the Tyee Mountain Member in the late-middle 
Miocene in the northeastern part of the study 
area (see Tyee Mountain anticlinal plays in the 
Structural and Stratigraphic Plays section of this 
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report). One of these structures was drilled by 
Florida Exploration (Harris 1-4 well; Fig. 4.2). 
The Umpqua arch, a buried seamount of Siletz 
River Volcanics southeast of the Long Bell well, 
has been drilled by three wells (i.e., Amoco 
Weyerhaeuser F-1, Amoco Weyerhaeuser B-1, 
and Northwest Exploration Sawyer Rapids). Only 
shows of gas were reported in those wells (Figs 
4.24 and Table 4.4 in Appendix). 

In addition to a basin-center tight-gas 
sandstone reservoir in the lower Tyee Mountain 
Member, an unconventional overpressured tight
gas mudstone reservoir is possible in the 
Umpqua Group in the Smith River subbasin. Law 
and others ( 1994) have suggested that an 
unconventional basin-center tight-gas reservoir 
mudstone or tight sandstone (permeability <0.1 
md) may be present in the Tyee basin and in 
other Pacific Northwest basins. Tight-gas 
sandstone and mudstone reservoirs produce large 
quantities of natural gas in other North 
American basins (Law and others, 1994; Law and 
Dickinson, 1985; Law and Spencer, 1993). These 
tight-gas reservoirs are abnormally pressured 
(either underpressured or overpressured), low 
permeability (<0.1 md), low porosity (<1%), 
blanket and lenticular, marine, gas-bearing 
sandstone, mudstone (shale), and chalk. They can 
be characterized by overpressured zones, R0 
>0. 7% and gas-prone source rock with a kinked 
vitrinite reflectance profile (Spencer, 1987). In 
many cases, the source of the gas is interbedded 
shales and coals. There is no definable structural 
or stratigraphic trap, but the gas reservoir occurs 
in the deep basin-center downdip from water
bearing strata which act as an unconventional 
seal (Law and Dickinson, 1985). 

An overpressured zone is present at a depth 
of 6,970 feet in the Long Bell well in the deeper 
part of the basin (Fig. 6.6). A projected vitrinite 
reflectance value at the top of the overpressured 
zone is approximately 0. 7 to 0.95% which is 
sufficient to generate thermogenic wet-gas. 
Although the projected R0 value of >0. 7% is high 
enough to generate gas from Type III organic 
matter and there is a kinked vitrinite reflectance 
profile that typifies overpressured gas reservoirs 
(Law and others, 1989), no measurements of R0 

have been made of rocks within the 
overpressured zone. 

According to Law and Spencer (1993), tight
gas reservoirs almost always require artificial 
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stimulation (i.e., hydraulic fracturing) or special 
drilling (e.g., horizontal drilling) and completion 
in order to produce commercial quantities of gas 
because production depends on the presence of 
natural fractures. In the Tyee Formation, 
fractures are generally vertical and, therefore, 
would not be efficiently intersected by a vertical 
well bore. This may also be true for 
overpressured tight-gas sandstones in the White 
Tail Ridge Formation in the Umpqua-Dothan
White Tail Ridge(?) petroleum system discussed 
above. 

Spencer-White Tail Ridge-Western Cascade 
Arc(?) Petroleum System 

A third speculative petroleum system is the 
Spencer-White Tail Ridge-Western Cascade arc(?) 
system (Figs. 6.1 and 6.3). In this hybrid system, 
the source rocks are coals and carbonaceous 
overbank mudstone and sandstone of the Spencer 
Formation and White Tail Ridge Formation 
(Coquille River and Remote members). Less 
likely, lean to marginal source rocks (Type II and 
Type III organic matter) include the underlying 
lower Umpqua/l'enmile deep-marine mudstone 
and Camas Valley slope mudstone. The 
reservoirs would be fluvial cross-bedded arkosic 
sandstones in the delta plain facies (Remote 
Member and Spencer Formation) and fluvial
deltaic and delta front sandstones in the Coquille 
River and Berry Creek members (Ryu and others, 
1992). These units dip homoclinally eastward 
beneath several thousand feet of upper Eocene to 
Miocene volcaniclastics, basalt and basaltic 
andesite lavas, and ash flow tuft's of the Western 
Cascades arc (Fig. 1.1). The volcanic sequence 
probably extended farther westward prior to 
erosion (Fig. 6.3). 

Biogenic gas could be sourced from the coals 
and carbonaceous strata which contain Type III 
gas-prone organic matter. Thermogenic dry gas is 
likely to have been generated beneath the 
Western Cascades because of deep burial, 
because of heating by Western Cascades arc 
plutons (e.g., >1,000-ft thick andesite-basaltic 
andesite sills intrude these units in the Glide and 
Nonpareil area), and because of a generally 
higher geothermal gradient in the Western 
Cascade arc during the late Eocene to Miocene. 

The maturity model for the Glide section 
predicts that potential source rocks in the 
Spencer, Camas Valley, White Tail Ridge, and 
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Tenmile formations, buried by Western Cascade 
rocks below 14,000 feet, would have reached 
sufficiently high levels of thermal maturity (i.e., 
>0.7% R0 ) to generate wet-gas and oil by the 
Miocene (Fig. 6.7A). Dry metagenic gas could be 
produced from Tenmile (lower Umpqua Group) 
source rocks at depths of 16,500 feet. The kinetic 
model indicates that, at present, the lower part of 
the White Tail Ridge Formation and upper part 
of the Tenmile Formation are in the main phase 
of wet-gas and oil generation and expulsion at 
depths ranging from 15,500 to 17,750 feet (Fig. 
6.7B). 

Several types of structural traps are possible. 
Reactivation of some thrusts in the Bonanza fault 
zone and associated fault-propagation folds in the 
late Eocene to Oligocene(?) deformed the friable 
Spencer deltaic reservoir sandstone into large 
asymmetrical folds (partly breached) in the 
Nonpareil-Glide area along the eastern margin of 
the Tyee basin (Fig. 6.3 and see Structural and 
Stratigraphic Plays section of this report). Faults 
recently mapped in the foothills of the Western 
Cascades by Wells and Niem, 1996; Wells, 1996b) 
may have created untested structures with 
natural gas accumulations (Fig. 6.3). The seal 
could be carbonaceous mudstone in the Spencer 
Formation or Camas Valley neritic mudstone 
over delta front and distributary channel White 
Tail Ridge reservoir sandstone. Thick, 
diagenetically altered, upper Eocene pyroclastic 
debris flow deposits, basaltic sandstone and 
conglomerate, tuffaceous strata, and ash flow 
tuffs could also act as seals. 

Metagenic dry gas could be generated by 
Western Cascades granodioritic plutons and local 
thick andesitic sills intruding Spencer and White 
Tail Ridge coal-bearing strata at depth; the dry 
gas could then migrate updip (westward) through 
those units (Fig. 6.3). Similarly, Miocene and 
Oligocene(?) mercury sulfide (cinnabar)-, quartz-, 
and pyrite-bearing hydrothermal fluids from such 
plutons have apparently migrated westward 
updip and flowed through porous units under 
pressure in the Bonanza fault zone. The heat 
from these hydrothermal fluids resulted in 
alteration and mineralization of the fractured 
sedimentary rock along and above this fault zone 
for several miles along the eastern margin of the 
Tyee basin (Figs. 4.29 and 4.31)(e.g., Bonanza 
and Nonpareil mines; Wells and Waters, 1934). 
Field mapping by Wells (1996c) shows that 
hydrothermal fluids and associated sills and 
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dikes have also baked (and probably matured) 
coal-bearing source rocks in the Spencer and 
White Tail Ridge formations for hundreds of feet 
in the Nonpareil area. 

Flash heating by sills could have generated 
local accumulations of gas along the eastern 
margin of the basin. Some gas seeps are present 
along and near these mineralized fault zones 
near Nonpareil and Gassy Creek (see Niem and 
Niem, 1990 and Source Rocks section of this 
report). This metagenic gas and possibly some 
oil? may have migrated in an artesian flow 
system as far west as Melrose (e.g., Scott and 
Glory Hole wells) where there are numerous gas 
seeps (Natural Gases in the Tyee basin section in 
this report). 

This is a hybrid speculative petroleum 
system. The Eocene strata which comprise the 
source rocks and reservoir rocks in the system 
dip eastward beneath the Western Cascades and 
are deformed to various degrees by early Eocene, 
late Eocene, and Oligocene thrust faults. They 
are truncated by an unconformity over which 
upper Eocene to Miocene volcanic flows and 

pyroclastic rocks of the Western Cascades were 
deposited. The volcanic units are largely 
unaffected by the thrusting but were intruded by 
Oligocene-late Eocene mafic and intermediate 
sills and by Miocene granodioritic plutons and 
were tilted by faulting in the Western Cascades 
(Walker and MacLeod, 1991). 

Other petroleum systems may have existed in 
the southern Tyee basin. For example, biogenic 
methane may have been present in the 
Baughman Member of the Tyee Formation, in the 
coals and deltaic arkosic sandstone of the 
Bateman Formation, and locally in the Jurassic
Cretaceous Myrtle Group and younger Upper 
Cretaceous/Paleocene(?) sandstones. However, 
these units and structures have been uplifted and 
largely breached by erosion; it is unlikely that 
commercial quantities of natural gas remain. 
Until a drilling program is undertaken, all these 
petroleum systems will remain speculative as did 
the Mist Gas Field of northwest Oregon until 
1979 when the discovery well was drilled 
(Newton, 1979; Armentrout and Suek, 1985). 

STRUCTURAL AND STRATIGRAPHIC PLAYS 
by Alan R. Niem, Ray E. Wells, and In-Chang Ryu 

Structural and stratigraphic plays in the 
southern Tyee basin are being redefined by new 
detailed geologic mapping of stratigraphic units, 
faults, and folds. In 1990, Niem and Niem 
compiled a geologic map (scale 1:125,000), 
showing a preliminary interpretation of the 
structure and rock units. Geologists of the 
Oregon Department of Geology and Mineral 
Industries (DOGAMI) have mapped eight 7.5-
minute quadrangles from Lookingglass Valley on 
the east to the settlement of Dora on the west 
(Black, 1990, 1994a, 1994b; Black and Priest, 
1993; Wiley and Black, 1994; Wiley and others, 
1994; Wiley, 1995). Detailed geologic mapping of 
eighteen 7.5-minute quadrangles and a map of 
the Roseburg 30-minute by 60-minute 
quadrangle (at a scale of 1:100,000) is in progress 
by the U.S. Geological Survey in the Umpqua 
basin and Klamath Mountains borderland in the 
Roseburg, Coquille, and Remote areas (Jayko, 
1995a, 1995b; Jayko and Wells, 1996; Wells, 
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1996a-i; Wells and others 1996a, 1996b). 
Preliminary structural data from the new 
mapping are compiled on page-size maps in this 
report (Figs. 7.2, 7.3, 7.4, 7.5, and 7.6). A 
compilation map of the southern Tyee basin, 
revising the map of Niem and Niem (1990), is in 
preparation by Wells and by Black and others 
and will synthesize much of the new mapping 
and structure on a 1:100,000 base. Thus, 
additional structural traps and plays will be 
better defined as those projects are completed. 

Our improved understanding of stratigraphic 
facies and their syntectonic relationship to 
progressive folding and thrusting in the basin 
have allowed us to define several promising 
structural and stratigraphic plays. Many 
potential traps occur on or above NW -trending 
structural culminations transverse to both the 
dominant NE-trending thrusts in the Umpqua 
Group and the younger N-S-, NE-, and NW-
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trending folds in the Tyee and younger 
formations. A prominent example of this is the 
northwest alignment of the culminations of the 
Jack Creek, Drain, and Dickinson Mountain 
anticlines (Figs. 1.1 and 7.1); others are buried 
beneath and subtly reflected in the Tyee and 
younger formations (see compilation map ofNiem 
and Niem, 1990). 

These potential structural plays are ranked 
by the size and closure of the structure, the 
position relative to potential source rocks, seals, 
and reservoir rocks, and the timing of formation 
relative to the timing of migration of potential 
generated hydrocarbons. Identified structural 
plays (Fig. 7.1), in order of potential to produce 
hydrocarbons, are: 

(1) Williams River-Burnt Ridge anticlines 
and underlying thrusts, south-central 
part of southern Tyee basin; 

(2) Western Cascades plays and Bonanza 
thrust near Nonpareil; 

(3) Klamath Mountains subthrust play, Glide 
area; 

(4) Tyee Mountain anticlinal plays, 
northeastern part of study area; 

(5) Anticlinal and subthrust plays in the 
Myrtle Point-Sutherlin subbasin. 

Williams River-Burnt Ridge Anticlinal Plays 

The Williams River anticline (Fig. 7.2) is a 
complex domal structure in the Tyee Formation 
northwest of the settlement of Reston in the Mt. 
Gurney, Cedar Creek, and Tioga 7.5-minute 
quadrangles (Wiley and others, 1994; Wells, 
1996a and unpub. mapping). The structure 
apparently formed by interference of NNW- and 
ENE-trending folds, possibly related to 
reactivation of NE-trending thrust faults at 
depth during east-west shortening of the Tyee, 
Elkton, and Bateman formations. The axis of this 
NNW-trending fold is deflected by NW-trending 
oblique-slip faults along the Williams River 
(Wells, 1996a). The Z-shaped trace of the 
Williams River anticline and adjacent synclines 
also suggests some right-lateral slip on NE
trending faults at depth. This structure is large, 
several miles across, and may have closure 
afforded by the gentle plunge of the fold to the 
north and by E-W crosscutting folds and NW
trending faults (Fig. 7.2). Closure on the south is 
lacking, but the axis may merge with the Burnt 
Ridge anticline (Fig. 7.2). 
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Wiley and others (1994) and Wiley (1995) 
mapped the NW-trending S-shaped Burnt Ridge 
anticline in the Mt. Gurney, Dora, and Sitkum 
7.5-minute quadrangles. The northern end of the 
fold is yet to be mapped. Closure on the south is 
partially lacking because the Tyee and Camas 
Valley formations are breached by erosion in the 
Tyee escarpment (Fig. 7.2). The Burnt Ridge 
anticline appears to be the northwest 
continuation of the older Reston basement high 
that forms a re-entrant in the Tyee escarpment 
(Figs. 7.1 and 7.2). AnEW- toNE-trending fault 
truncates the northern end of the Reston high, 
downdrops the Tyee and Camas Valley 
formations in the north block, and may create 
some closure in the underlying Umpqua units. 

In a north-south seismic-reflection profile 
shot along the Williams River (Plate 1), the 
Williams River anticline appears to overlie and 
trend obliquely across an older NE-SW -trending 
fault-propagation fold in the underlying Umpqua 
Group turbidites (potential source rocks) and 
Siletz River Volcanics. The older fault
propagation fold is associated with a blind thrust 
(labelled Fault A on Plate 1) which is likely part 
of the Bonanza fault zone mapped to the 
northeast (Niem and Niem, 1990; Wells, 1996b, 
d, h, and i; Wells and others, 1996a). The older 
structure consists of a basement high of Siletz 
River Volcanics thrusted northwestward along 
Fault A over a wedge of lower Umpqua Group 
turbidites and possible White Tail Ridge deltaic 
strata. This high lies on trend with the Oakland 
or Heavens Gate anticlines mapped by Wells 
(1996g, 1996h). There is relatively little net slip 
on the blind thrust. Natural gas could be trapped 
in the southward-dipping lower Umpqua strata 
in the footwall beneath Siletz River Volcanics in 
the hanging wall. Potential seals in the older 
structure are the Camas Valley Formation and 
undifferentiated Umpqua Group mudstones 
which can be traced north on the seismic
reflection profile into the Amoco Weyerhaeuser 
B-1 well (Plate 1). Above the older structure, 
WNW-trending high-angle reverse or tear faults 
associated with the northwestward-verging 
thrust (Fault A on Plate 1) may project to the 
surface and truncate the Hubbard Creek Member 
in Williams Canyon (Fig. 7.2). Northward dipping 
upturned White Tail Ridge sandstone truncated 
by this high-angle fault (Plate 1) could be a 
potential structural trap. Overlying Camas 
Valley mudstone could act as a seal. 
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Similarly, the Yew Ridge fault (Plate 1 and 
Fig. 7.2) which is an ENE- toNE-trending high
angle reverse fault or reactivated back thrust(?) 
associated with a northwestward-verging thrust 
(Fault B on Plate 1) truncates the Hubbard Creek 
and Baughman members along the Williams 
River on the surface (Fig. 7 .2). The Yew Ridge 
fault crosses the Williams River and may 
continue toward the Burnt Ridge anticline. The 

112 

underlying NE-SW-trending volcanic basement 
structural high may have deflected the axis of the 
Burnt Ridge anticline to an east-west trend in 
this area. The Yew Ridge fault and thrust fault 
B, like fault A and the associated high-angle 
fault, may produce structural traps in the 
upturned lower Umpqua Group and White Tail 
Ridge Formation. 



The Reston fault (Fig. 7.2 and south of Bon 
Plate 1) is an outcrop expression of the buried 
NE-trending imbricate thrust fault and fold belt 
system (i.e., Bonanza fault zone). Field mapping 
in the Reston area by Black (1990) shows that 
these uplifted thrust faulted basement highs are 
composed of folded Bushnell Rock conglomerate 
and lower Umpqua Group turbidites (e.g., 
Tenmile Formation) overlying and flanking cores 
of Siletz River Volcanics (Fig. 7.2 and Plate 1). 

Possible reservoir rocks and stratigraphic 
traps in the Williams River and Bumt Ridge 
anticlines are fluvial and delta front sandstones 
of the White Tail Ridge Formation (i.e., Remote 
and Coquille members). Seals include mudstone 
of the Camas Valley Formation and the Hubbard 
Creek Member of the Tyee Formation as well as 
tightly cemented turbidite sandstone and 
mudstone within the Tyee Mountain Member. 
Although the White Tail Ridge Formation 
pinches out to the north, these folds lie south of 
the mapped pinchout (Ryu and others, 1992; 
Wells, 1996h; Black and others, in prep.). White 
Tail Ridge deltaic strata, however, probably thin 
over and pinch out on the southern flank of the 
uplifted blocks of Siletz River Volcanics and also 
on the Umpqua arch (Plate 1)(Niem and Niem, 
1990; Ryu and others, 1992). For example, 
mapping by Black (1990) shows that White Tail 
Ridge deltaic strata abruptly thin over the 
nearby Reston high. White Tail Ridge pebbles in 
a locally pebbly sandstone in the lower part of the 
Tyee Mountain Member west of Reston were 
apparently derived from erosion of White Tail 
Ridge strata off the Reston high (Tom Wiley, 
1994, pers. commun.). These pinchouts and local 
unconformities create potential stratigraphic 
traps on the limbs of folds and on the flanks of 
the basement highs. 

The thrust faults also represent potential 
migration paths for natural gas (see Natural 
Gases section of this report). Fracture porosity is 
possible in Umpqua Group turbidites and White 
Tail Ridge strata affected by this early Eocene 
thrusting. Secondary porosity in the turbidite 
sandstones in the lower part of the Tyee 
Formation represents a low potential reservoir 
target in these two folds (see Reservoir section of 
this report). 

The timing of formation of structural traps is 
critical to hydrocarbon accumulation. The Reston 
and Bonanza thrusts and associated basement 
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highs appear to have formed prior to deposition of 
the Tyee Mountain turbidites and Camas Valley 
mudstone in the middle Eocene (Fig. 7.2; Plate 1). 
Field mapping suggests that some NE-SW
trending thrusts and associated tear faults of the 
Bonanza fault zone were reactivated in post
White Tail Ridge time because these faults 
truncate and fold White Tail Ridge strata (see 
maps of Black and others, in prep.; Wiley and 
others, 1994; Wells and Niem, 1996). Many fold 
axes and faults terminate at the basal contact of 
the Tyee Formation or Camas Valley Formation; 
other faults cut the Tyee Mountain Member as 
well (Fig. 7.2; Plate 1). The Williams River and 
Burnt Ridge anticlines reflect progressive 
deformation over these older structures which 
may have been accentuated during the late
middle Miocene and younger folding and uplift of 
the Oregon Coast Range (Niem and Niem, 1990; 
Niem and others, 1992c). This should have 
allowed ample time for migration of hydrocarbons 
(mainly methane) along thrust faults up into the 
anticlinal structure and into subthrust plays. 
Migration of gas is ongoing today as indicated by 
gas seeps (mainly thermogenic methane) along 
faults in the Bonanza fault zone (see Natural 
Gases section of this report and Niem and Niem, 
1990). 

In addition, coal beds, carbonaceous 
mudstone, and fluvial-overbank siltstone and 
sandstone in the Remote Member of the White 
Tail Ridge Formation which emit biogenic 
methane in water wells (e.g., in the Melrose and 
Lookingglass valley area) represent another 
source of gas in the Williams River and Bumt 
Ridge anticlines and underlying thrusted 
basement structures (see Natural Gas section of 
this report). 

Other anticlinal folds in the Tyee Formation 
with possible underlying fault traps exist in the 
area between the settlements of Dora, Remote, 
and Reston (Black, 1994b; Wiley and others, 
1994; Wiley, 1995). The best reservoir rocks (i.e., 
White Tail Ridge deltaic facies) are buried by the 
Camas Valley and Tyee formations that could act 
as seals (see Reservoir section of this report). 
White Tail Ridge reservoir units also overlie and 
are involved in basement thrusts of the Bonanza 
fault zone (Niem and Niem, 19990; Black and 
others, in prep.). High-angle reverse, normal, and 
oblique-slip faults in the Tyee Formation and 
younger units may provide additional closure and 
act as structural traps. 



T. 

24 

s. 

T. 

25 

s. 

Tcf 

Tuu 

anticlinal 
2ty 

play 

.sa 
1: -\0 0 
.E 

/ Tcf 
(I) 

17 Q) 
"0 
ctJ 
0 
(I) 
ctJ 

(.) 

E 
Q) -(I) 

~ 

Tuu 

a .... .c====i2 .... 3~===4~ .. .t5====56mi~ 

~ 
[20 
~ 
~ 
~ 
~ 

Spencer Formation 

Tyee Formation 

EXPLANATION 

Camas Valley Formation 

White Tail Ridge Formation 

Tenmile Formation 

Undifferentiated Umpqua Group 

~ Tertiary basalt intrusion 

~ Colestin/Fisher Formation 

~ Siletz River Volcanics 

x x Hydrothermal alteration 
X 

T. 

24 

s. 

T. 

25 

s. 

Figure 7 3 Generalized geologic map northeast of the town of Nonpareil, illustrating a 
NE-SW-trending anticline (large arrow) truncated by the Bonanza thrust fault 
(from Wells, 1996b; Walker and MacLeod, 1991 ). 

114 



Western Cascades Plays and Bonanza 
Thrust near Nonpareil 

Recently, Wells (1996b; Wells and Niem, 
1996) has mapped faults of the Bonanza fault 
zone into the foothills of the Western Cascades, 
as far as 8 miles northeast of the settlement of 
Nonpareil east of Sutherlin (Fig. 7.3). The SE
dipping Bonanza thrust fault truncates a NE
SW-trending asymmetrical anticline which 
involves sandstones of the Spencer and White 
Tail Ridge formations. The north limb of the fold 
is vertical to overturned; the south limb is gently 
dipping. A companion asymmetrical syncline in 
the footwall below the thrust suggests that the 
anticline is a fault-propagation fold. The fault 
was originally mapped by R. 0. Brown of the U.S. 
Geological Survey (Wells, 1994, pers. commun.; 
unpublished mapping) and appears on the 
geologic map of Oregon by Walker and MacLeod 
(1991). The vertical to overturned north limb of 
the anticline includes volcanic pebble 
conglomerate, sandstone, and tuffaceous strata in 
the basal part of the upper Eocene and Oligocene 
Colestin/Fisher Formation of the Western 
Cascades, suggesting that compressional activity 
on this thrust was renewed during or after the 
latest Eocene or Oligocene. The fault appears to 
die out into folded Colestin/Fisher Formation to 
the northeast in the Western Cascades. Closure 
on the fold is accomplished by the Bonanza fault 
to the southwest. Evidence of closure on the 
southeast is buried by volcanic rocks of the 
Western Cascades. Some closure may be afforded 
by a NW-trending fault. 

Potential reservoir rocks in this asymmetrical 
anticline include the 1100- to 1700-ft thick, 
moderately indurated to friable, medium- to 
coarse-grained micaceous arkosic sandstone of 
the Spencer Formation (unit Tes on Fig. 7.3). 
These distributary channel, delta front, and 
fluvial sandstones are time-equivalent to the gas
producing C&W sandstone of the upper Eocene 
Cowlitz Formation of the Mist Gas Field in 
northwestern Oregon. Another, potential 
reservoir unit in this fold is the underlying, less 
permeable, delta front and distributary channel, 
pebbly, non-micaceous sandstone beds of the 
White Tail Ridge Formation (unit Twt on Fig. 
7.3). A possible younger reservoir is the basal100 
to 200 feet of the Colestin/Fisher Formation. 
These beds overlie an erosional unconformity on 
the Spencer Formation and consist of friable, 
micaceous arkosic sandstone (reworked from the 
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Spencer) and beds of moderately consolidated 
volcanic pebble-cobble conglomerate. Potential 
source rocks (for biogenic and thermogenic 
methane) are the several one to six-foot thick coal 
beds and laminated, highly carbonaceous fine
grained sandstone and overbank mudstone 
within the Spencer Formation and possibly the 
underlying deep-marine undifferentiated 
Umpqua and Camas Valley mudstones. Seals for 
the White Tail Ridge Formation include some 
thin Camas Valley mudstone. Seals for the 
Spencer Formation would be the very thick, 
diagenetieally altered "tight", basaltic sandstone 
and conglomerate, altered tuffs, and debris flow 
deposits of the Colestin/Fisher Formation (unit 
Tcfon Fig. 7.3). 

This play lies in the foothills of the Western 
Cascades are, and there is abundant evidence of 
local hydrothermal fluid activity in the vicinity of 
Nonpareil. Two mines, the Bonanza and 
Nonpareil mines, produced cinnabar from 
hydrothermal mineralized deposits in altered, 
bleached white Umpqua turbidites along the 
Bonanza thrust fault (Fig. 7 .3). Extensive 
hydrothermal alteration is also recognized in 
White Tail Ridge and Spencer sandstones in the 
core of the anticlinal fold adjacent to the thrust 
just before it plunges beneath the Western 
Cascades volcanic rocks (Wells, 1996b; Wells and 
Niem, 1996). The alteration zone can be traced in 
outcrop for hundreds of feet. The hydrothermal 
fluids were associated with thick, mafic to 
andesitic Western Cascades sills and dikes or 
with undetected Miocene granodioritie plutons 
farther east beneath the Western Cascades 
(Wells and Waters, 1934). The heat from these 
fluids could have thermally matured potential 
source rocks. Gas shows also have been reported 
along the fault near Gassy Creek (see Mobil Oil 
Corp. data in Niem and Niem, 1990). 

Another possible heat source for thermal 
maturation of Spencer coals and carbonaceous 
strata is flash heating by thick (>1,000 ft) upper 
Eocene-Oligocene sills or Miocene intrusions of 
the Western Cascades (see Source Rock section of 
this report). 

Originating from or near intrusions in the 
topographically high Western Cascades, gas
charged hydrothermal fluids could have migrated 
along the strike of thrust faults southwestward 
into the Tyee basin. Artesian pressure may have 
forced the fluids up the fault zone to the surface, 
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baking and mineralizing White Tail Ridge and 
lower Umpqua strata in the process. A gaseous 
envelope of methane may have formed in front of 
the hydrothermal fluids as the hot fluids 
thermally matured sedimentary source rocks in 
their path. 

Numerous gas seeps have been reported in 
the Bonanza fault zone (Niem and Niem, 1990), 
and gas may have seeped along this zone beneath 
the Western Cascades rocks. Spencer sandstone 
is a potential gas reservoir in this area, and the 
overlying impermeable, clay-altered volcanic 
rocks of the Colestin/Fisher Formation could be a 
seal. Coal beds and overbank carbonaceous 
sandstone and mudstone in the Spencer 
Formation contain Type III organic matter and 
are potential source rocks. Thus, reservoir units, 
source rocks, seals and structural traps were in 
existence before the Miocene. During the 
Miocene, hydrothermal fluids, derived from 
Western Cascades intrusions, flowed through and 
altered rocks of the eastern Tyee basin (Wells 
and Waters, 1934). Those fluids may also have 
matured the potential source rocks to produce 
natural gas. 

Other Western Cascades Plays-- The principal 
reservoir in any structural or stratigraphic play 
in the foothills of the Western Cascades is the 
Spencer Formation although the extent of this 
unit beneath the Western Cascades is unknown. 
The Spencer Formation is exposed from Glide to 
Cottage Grove along the eastern flank of the 
southern Tyee basin. It includes coarse-grained, 
fluvial to distributary channel arkosic micaceous 
sandstone and is coal-bearing. In contrast, the 
type Spencer near Eugene and northward to 
Corvallis in the Willamette Valley is fine-grained, 
is more marine, and locally contains basaltic 
sandstone and volcanic conglomerate (Baker, 
1988). Therefore, it is unlikely that the Spencer 
Formation near Glide was derived from the 
Spencer facies to the north. Instead, it represents 
a separate deltaic-fluvial-coastal plain system 
which was probably once laterally continuous 
with the Bateman Formation (in the center of the 
southern Tyee basin) (Weatherby, 1991) and with 
the Coaledo Formation of the Coos Bay basin 
(Dott, 1966). A possible correlative micaceous 
arkosic unit is the Eocene Payne Cliffs Formation 
in the Ashland area which also contains white 
mica derived from the Idaho batholith 
(McKnight, 1971; Heller and others, 1992; T. 
Wiley, 1994, pers. commun.). A few paleocurrent 
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measurements, however, indicate a 
southwestward paleocurrent dispersal pattern, 
suggesting that the Spencer fluvial system and 
nearshore and deltaic facies of the Tyee 
Formation (Snavely and Wagner, 1963) may 
extend farther east beneath the volcanic rocks of 
the Western Cascades. 

Other structural traps (faults and folds) exist 
north and south of Nonpareil in the foothills of 
the Western Cascades (e.g., extension of the 
Oakland anticline south of Ben More Mountain; 
Fig. 7.3). These faults were mapped by Wells 
(1996b; Wells and Niem, 1996) and by MacLeod 
in Walker and MacLeod (1991). Spencer 
sandstone could be drag folded along these faults 
to form small anticlinal structural traps similar 
to the Cowlitz Formation in structural traps in 
the Mist gas field (Niem and others, 1994). 

Near Glide along the Umpqua River, 
hundreds of feet of friable (reservoir quality), 
arkosic sandstone and some coal beds of the 
White Tail Ridge Formation (Berry Creek and 
Remote members) dip homoclinally beneath 
Western Cascades rocks (Fig. 7.4). The overlying 
Camas Valley mudstone which is hundreds of 
feet thick could act as a seal for the White Tail 
Ridge Formation (Fig. 1.3, section 14). Overlying 
the Camas Valley mudstone, friable Spencer 
sandstone (a younger potential reservoir) dips 
eastward beneath Colestin/Fisher mudflows and 
altered tuffs (potential seals). Fault traps could 
be created by a NW-trending high-angle fault 
mapped by R. E. Wells north of Buck Rock (Fig. 
7 .4). Maturation could have been accomplished 
by flash heating by very thick sills (basaltic and 
andesitic). For example, thick sills intruded into 
the White Tail Ridge Formation are exposed at 
Colliding Rivers State Park; at Buck Rock and 
Scott Mountain (southeast and northeast of 
Glide, respectively) sills intruded the 
Colestin/Fisher Formation. 

Between Glide and Nonpareil, the White Tail 
Ridge, Camas Valley, and Spencer formations are 
currently mapped on a reconnaissance level as a 
largely unfaulted homoclinal sequence. An 
angular unconformity at the base of the White 
Tail Ridge Formation locally cuts out thousands 
of feet of Tenmile turbidites and Bushnell Rock 
Formation such that White Tail Ridge strata rest 
on older Siletz River Volcanic highs (Hoover, 
1963; R. E. Wells, 1994, pers. commun.) (Fig. 7.3). 
Further definition of faults or folds in the 



Western Cascades foothills will require 
additional mapping or geophysical surveys before 
a structural play is developed in this potential 
target area. One problem with a Spencer/White 
Tail Ridge play beneath the Western Cascades is 
that these potential reservoir units may be cut 
out entirely in the subsurface by a post
Spencer/pre-Colestin-Fisher erosional 
unconformity. For example, mapping by A. Jayko 
of the U.S. Geological Survey southeast of 
Canyonville shows that both units are missing 
and that Colestin/Fisher Formation overlies 
Mesozoic rocks of the Klamath Mountains (Jayko, 
1994, pers. commun.). In addition, one or both 
units may be cut out by faults beneath the 
Western Cascades. The depth of burial of these 
eastward-dipping arkosic units beneath the thick 
Western Cascades volcanic sequence limits 
drilling targets to within a few miles of the 
western margin of the highly dissected Western 
Cascade foothills. 

Klamath Mountains Subthrust Plays 

The boundary between the Coast Range and 
Klamath Mountains has been interpreted as a 
faulted boundary; that is, Mesozoic Klamath 
Mountains rocks are thrust over Tertiary Coast 
Range rocks (Heller and Ryberg, 1983; Carayon, 
1984; Carayon and others, 1984). Therefore, a 
possible play is to drill through thrust slices of 
Mesozoic rocks into the underlying Tertiary 
strata. One such subthrust play could exist 
within a few miles south of the Wildlife Safari 
fault. Another possible play is a few miles 
southeast and southwest of Glide (Fig. 7 .4). 

South of Glide, Jurassic-Cretaceous Dothan 
Formation (broken formation), Mesozoic volcanic 
rocks, and granodiorites are thrust over 
thousands of feet of delta front and fluvial, pebbly 
arkosic sandstone of the White Tail Ridge 
Formation along the Wildlife Safari and 
subparallel thrust faults. The NNE-trending 
fault near Buck Rock is also a thrust, suggesting 
that a subthrust play also exists southeast of this 
fault in the vicinity of Little River (Fig. 7.4). The 
White Tail Ridge Formation is a potential 
reservoir unit. Fracture porosity may enhance 
the reservoir characteristics of this unit if it is 
involved in folding at depth. Potential source 
rocks are coals in the Remote Member (possible 
biogenic gas) and slope mudstone of the Tenmile 
Formation. Some thrust slices of Dothan 
Formation might also be source rock (see Natural 
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Gases section in this report). The Klamath 
Mountains melange and broken formation in 
upper thrust slices could also act as partial seals. 
Thermogenic gas generated from thrust slices of 
Umpqua and pre-Tertiary strata appear to be 
still migrating to the surface in seeps and in 
water wells (e.g., in the northern margin of the 
Klamath Mountains and along thrust faults in 
the Umpqua basin; see Natural Gases section in 
this report; Kvenvolden and others, 1994; 
Kvenvolden and others, 1995). Gas seeping from 
Klamath Mountains pre-Tertiary rocks could 
alternatively have been formed in situ through 
heating by hydrothermal fluids migrating along 
faults from the nearby Western Cascades arc. 

Wells and Snavely (1989) offered an 
alternative interpretation to the subduction zone 
model of Heller and Ryberg (1983). They 
suggested that the Siletz River Volcanics were 
erupted in a rifted continental marginal basin. 
Later, minor, oblique subduction of the Farallon 
plate beneath North America seaward of this 
basin caused telescoping of this basin against the 
northern Klamath Mountains in the late-early 
Eocene to produce the compressional folds and 
thrusting. The lack of widespread, thick 
Paleocene-Eocene melange and broken formation 
between the Klamath Mountains and the 
southern Coast Range, which would represent an 
accreted subduction zone complex, argues in 
favor of the rifted marginal basin model of Wells 
and Snavely (1989). This model could also 
explain local intercalation of the upper part of the 
Siletz River pillow lavas with polymict 
conglomerate and lithic (metamorphic) turbidite 
sandstone (Bushnell Rock Formation and 
undifferentiated lower Umpqua Group) that were 
derived from Klamath Mountains sources. 

The exploration implications of the rift model 
are important. If underthrusting along the suture 
has been minor, then there are no deep, major 
subducted wedges of Umpqua Group strata 
beneath the northern margin of the Klamath 
Mountains and a subthrust play is unlikely. This 
model also implies that Umpqua Group strata 
matured by deep burial through underthrusting 
are not the source for the thermogenic dry gas in 
some seeps and water wells in the Umpqua basin 
and northern Klamath Mountains (Kvenvolden 
and others, 1994, 1995). 

Also, if net slip or thrusting is minor, then 
reservoir rocks of the deltaic White Tail Ridge 



Formation below the thrusts would exist only 
within a few miles south of the Coast 
Range/Klamath Mountains suture. Further deep 
refraction, reflection, gravity, or magnetic 
profiling across this suture zone could reveal if 
Umpqua Group strata are caught in thrust slices 
that extend far beneath the northern margin of 
the Klamath Mountains. 

Tyee Mountain Anticlinal Plays 

Several untested anticlines are mapped in 
the Tyee Mountain and Baughman members of 
the Tyee Formation (see Niem and Niem, 1990; 
Black and others, in prep.). The foremost of 
these, the Burnt Ridge and Williams River 
anticlines, were discussed above. Three wells 
drilled on the Umpqua arch (the Amoco 
Weyerhaeuser B-1 and F-1 wells and the 
Northwest Exploration Sawyer Rapids well) 
failed to produce commercial quantities of 
hydrocarbons. Some gas and oil shows were 
reported in Tyee Mountain and Baughman 
sandstones in these wells, but these 
diagenetically altered sandstones have 
insufficient permeability to act as reservoirs 
and/or have been breached by erosion. 

A basement high northwest of the Drain 
anticline was tested without success by the 
Florida Harris well which drilled through 1,500 
feet of Tyee Formation and 800 feet of Umpqua 
mudstone into the Siletz River Volcanics. The 
Weyerhaeuser B-1 well, located near the crest of 
the Umpqua arch, drilled through nearly 7,000 
feet of Elkton Formation, Tyee Formation, and 
undifferentiated Umpqua Group mudstone before 
drilling >4,000 feet of Siletz River Volcanics 
(Plate 1 and Fig. 1.3; Ryu and others, 1992). 
These volcanics appear on the seismic-reflection 
profile (Plate 1) to be composed of a well-bedded 
sequence of acoustically transparent palagonitic 
volcanic breccia and strongly reflecting pillow 
lavas. The arch may be a seamount paleohigh 
that projects northeastward toward the 
Dickinson Mountain anticline which is cored by 
submarine and subaerial Siletz River Volcanics 
(Niem and Niem, 1990). The angular 
unconformity at the base of the Tyee and Camas 
Valley formations is evident as a distinct 
truncation of Siletz River flows and of lower 
Umpqua Group strata(?) and as thinning or onlap 
of those strata onto the arch. Thus, stratigraphic 
traps are possible on the flanks of this subsurface 
structure. North of the Umpqua arch, the 
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seismic-reflection profile (Plate 1) shows a broad 
downwarped structure which would project 
northeastward into the NE-SW-trending 
Hardscrabble Creek syncline. Several reverse 
faults lie between this downwarped structure and 
Northwest Exploration's Sawyer Rapids well. The 
Sawyer Rapids well drilled a NNE-trending 
surface anticline mapped in the Elkton 
Formation and penetrated >5,000 feet of Tyee 
Formation (Fig. 1.3; Niem and Niem, 1990; Ryu 
and others, 1992). 

North-south trending folds in Tyee, Elkton, 
and Bateman strata in the northern part of the 
study area probably formed during a 
compressional stage starting in the late-middle 
Miocene (Niem and Niem, 1990). This younger 
structural fabric is superimposed on the older 
NE-SW-trending structure, creating closure. The 
compilation map ofNiem and Niem (1990) shows 
that these north-south axes gradually become 
NE-SW -trending, subparallel to the older 
structural trend on the eastern flank of the basin. 
The Long Bell and Sawyer Rapids wells were 
drilled on north-northwest-trending anticlines 
mapped in the Tyee Mountain Member. 

One largely untested anticlinal structure is 
centered near Stony Point (northwest quadrant of 
T. 19 S., R. 6 W.), 10 miles northwest of the 
Florida Harris well (R.E. Wells, 1994, pers. 
commun.). The axis of this NNW-trending fold 
subparallels the Siuslaw River in the 
northeastern part of the study area (Fig. 7.5). It 
shows up subtly by strikes and dips in the Tyee 
Mountain Member on the compilation map by 
Niem and Niem (1990) although the fold axis was 
not drawn. The structure was mapped in detail 
on a proprietary map by R.E. Wells and 
colleagues for Mobil Oil Corporation in the 1970s 
(R.E. Wells, 1994, pers. commun.). The fold shows 
10 to 15 miles of closure on the southwest, 
northeast, and northwest, but not obviously on 
the southeast flank where it may merge into the 
older NE-SW-trending Jack Creek anticline (R.E. 
Wells, 1994, pers. commun.). 

The stratigraphy in the Florida Harris well 
which was drilled on the southern plunging nose 
of this structure is an indication of the lithologies 
and thicknesses that could be expected 
structurally higher on this anticline (Fig. 7 .5). In 
that well, a thick section of impermeable 
turbidite sandstone and mudstone (Tyee 
Mountain Member mid-fan facies) and thinner 
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section of Umpqua basinal mudstone overlie 
Siletz River Volcanics. There is a problem of 
finding good reservoir rock in this structure and 
other structures in the northern part of the study 
area because the permeable delta front sandstone 
of the White Tail Ridge Formation pinches out 
south of this area (Fig. 1.3; Ryu and others, 1992; 
Wells, 1996h; Black and others, in prep.). 
Fracture porosity is limited in Tyee Mountain 
Member turbidite sandstones (Penoyer and 
Niem, 1975). Diagenetically altered (zeolites and 
smectite clay) Tyee Mountain turbidite sandstone 
and mudstone higher in the section could act as 
seals in the Stony Point domal structure. 

Secondary porosity in Tyee Mountain 
sandstone in this structure and in the more 
deeply buried part of the Smith River subbasin, 
however, could create a limited reservoir. Newton 
(1980) reported secondary porosity (as much as 
15%) in some turbidite sandstones in the lower 
part of the Tyee Mountain Member from outcrops 
on the western flank of the basin. This secondary 
porosity is due to dissolution of feldspar grains 
and volcanic rock fragments and has been 
reported in lower Tyee Mountain Member 
sandstones in the Long Bell well, 20 miles west
southwest of the Stony Point structure (see 
Diagenesis section in this report). 

Several other northward plunging anticlines 
and NE- and NW -trending faults are mapped in 
the northern part of the study area (see Niem 
and Niem, 1990; Black and others, in prep.). For 
example, the Long Bell well was drilled on the 
east limb of a doubly plunging north-south
trending fold. Reservoir rocks, however, are 
scarce. Turbidite sandstones in the lower 
Umpqua Group in the Myrtle Point-Sutherlin 
subbasin also pinch out in this direction due to a 
facies change, distance from the source, and 
barrier effects of the Umpqua arch (Fig. 1.3). The 
unit which is the best potential reservoir, the 
White Tail Ridge Formation, does not extend this 
far north. 

On the other hand, Umpqua basinal 
mudstones penetrated by the Long Bell well in 
the Smith River subbasin (Fig. 1.3) are lean to 
moderately organic-rich (mainly gas-prone Type 
III organic matter; see Source Rock Evaluation 
section of this report). In the lower part of the 
well, they are nearly at the top of the oiVdry gas 
window. These more deeply buried mudstones 
could act as source rocks for unconventional 
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basin center gas (Law and others, 1988; Law and 
others, 1994). A computer-generated model (i.e., 
BasinMod; see Basin Subsidence History section 
of this report) shows that basin center gas could 
have been generated initially in the middle 
Miocene if the thick upper Eocene to middle 
Miocene section of the adjacent Coos Bay basin 
were deposited on top of the Tyee Formation in 
the northwest corner of the study area. 
Unfortunately, the structure on which the Long 
Bell well was drilled may have formed in the late
middle Miocene after maximum burial, peak 
generation, and migration of basin center gas. It 
is possible that, due to the lag time between 
generation and migration, some gas may have 
migrated into these folds. However, undeformed 
nepheline syenite (30 Ma) and basalt dikes cut 
across parts of the fold, suggesting that this 
structure formed earlier during the late Eocene 
or Oligocene (P. D. Snavely, Jr., 1995, pers. 
commun.). 

Even though untested structures exist, the 
hydrocarbon potential of the northern part of the 
study area is low, compared to the southern part 
of the basin, due to a general lack of maturation, 
lack of organic-rich source rock (e.g., coals), and 
"tight" reservoir rocks. 

Anticlinal and Subthrust Plays in the 
Myrtle Point-Sutherlin Subbasin 

In the Roseburg-Sutherlin-Glide area, 
imbricate thrust faults, some back thrusts, and 
associated anticlinal and synclinal folds deform 
turbidite fan strata and slope mudstone of the 
lower Umpqua Group, Bushnell Rock submarine 
channels, and deltaic strata of the White Tail 
Ridge Formation in the Myrtle Point-Sutherlin 
subbasin (Fig. 7.6; Wells, 1996g, 1996h, 1996i; 
Wells and others, 1996a). Some folds may be 
underlain by blind thrusts and may be fault
propagation folds. North of the thrust faults, 
from Sutherlin to Drain, Umpqua turbidite 
sandstone and mudstone beds are folded into 
broad anticlines and synclines that trend 
northeast-southwest. The anticlines are cored by 
Siletz River Volcanics. 

One such anticline, the Oakland anticline, 
was drilled by Mobil Oil Corporation (Sutherlin 
Unit No. 1) five miles northeast of Sutherlin. The 
Sutherlin well penetrated <4,000 feet of Umpqua 
outer and middle fan turbidite strata overlying 
Siletz River subaerial and submarine tuff 
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breccias, pillow lavas, and flows (Fig. 1.3; Ryu 
and others, 1992). The axis of the symmetrical 
anticline is definable by surface attitudes and by 
seismic-reflection profiles. Dips of the broad fold, 
measured at the surface, range from 10° to 30°, 
and the axis of the fold is exposed in a roadcut 
along the I-5 one-quarter mile north of Sutherlin. 
However, near faults, the dips of the limbs are 
steeper, ranging from 40° to 70°. Several 
subparallel high-angle faults formed by flexural 
slip along bedding planes. 

The southwest-plunging nose of the Oakland 
anticline crosses the Umpqua River south of Tyee 
Mountain and disappears beneath the Tyee 
escarpment (Fig. 7.6). It was unsuccessfully 
drilled by Union Oil Company of California (Liles 
No. 1). That well penetrated several thousand 
feet of tight, thin- to medium-bedded Umpqua 
turbidite strata. It may also have encountered a 
repeated section (recognized by repetition of 
foraminiferal zones B1 and C; McKeel, 1992, 
pers. commun.) probably due to a thrust fault 
(see section #8 on Fig. 1.3 and in Ryu and others, 
1992). Gas shows were encountered in "tight" 
lithic turbidites of the lower Umpqua Group in 
both the Sutherlin and Liles wells, but there was 
no commercial production. Gas (methane) issues 
from a water well drilled on the axis of the fold 
near the Liles well (see Natural Gases section of 
this report). 

An untested anticline north of the Oakland 
anticline, the Heavens Gate anticline, was 
defined in recent mapping by R.E. Wells (1996g, 
1996h) (Fig. 7.6). The NE-SW-trending 
symmetrical anticline occurs south of the 
Dickinson Mountain anticline and north of the 
Calapooya syncline (Metz Hill syncline of Wells, 
1996g, 1996h). The Heavens Gate anticline 
involves generally impermeable outer and middle 
fan turbidite sandstone, slope mudstone, and 
thick basin plain mudstone of the lower Umpqua 
Group. These strata presumably overlie a thin 
section of well-indurated basaltic sandstone and 
subaerial flows of Siletz River Volcanics similar 
to those exposed along the I-5 in the core of the 
Dickinson Mountain anticline. Some gas seeps 
are reported in water wells on the axis of the 
Heavens Gate fold (see Natural Gases section of 
this report). 

These folds and faults were formed in the 
late-early Eocene which may pre-date generation 
of hydrocarbons (see Basin Subsidence History 
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section of this report). However, the Umpqua 
mudstones in this area are thermally immature, 
contain low TOC (generally <0.5%; see Source 
Rock Evaluation section of this report), and are 
unlikely to be significant source rocks. The 
rhythmically bedded, outer and middle fan lithic 
turbidite sandstone beds in the Umpqua Group 
generally would be poor reservoirs because they 
are thin and contain abundant silica, zeolite 
(laumontite), and clay (corrensite) cements which 
fill pores (see sections on diagenesis and porosity 
and permeability in this report). The Heavens 
Gate fold plunges to the southwest. In the area 
between the Umpqua River and Dodge Canyon, 
this fold involves White Tail Ridge sandstone 
(Wells, 1996g, 1996h). Unless fracture porosity is 
developed in Umpqua and White Tail Ridge 
strata beneath the Tyee forearc basin sequence 
west of the Tyee escarpment, this fold would be a 
low priority play. 

The area between the Bonanza fault zone and 
Wildlife Safari fault presents low priority 
possibilities for subthrust plays and untested 
anticlines in the Myrtle Point-Sutherlin subbasin 
(Fig. 1.1). Several gas seeps are reported along 
the thrust faults and in the associated drag folds. 
The Scott No.1 well near Melrose drilled through 
several thrust plates of the Umpqua Group and 
reported oil shows (fluorescence) in fractures in 
the Bushnell Rock conglomerate, Tenmile 
turbidite sandstone, and Siletz River Volcanics 
(driller's report; see Niem and Niem, 1990). 
Small, non-commercial quantities of gas were 
present. This well and the nearby Glory Hole well 
are both on strike with the Bonanza fault zone. 
Several seeps of biogenic gas are reported from 
water wells drilled in the deltaic coal-bearing 
White Tail Ridge Formation near Melrose (see 
Natural Gases section in this report). 

Any subthrust or stratigraphic pinchout play 
in the Myrtle Point-Sutherlin subbasin must take 
into account that Bushnell Rock conglomerates 
and lower Umpqua Group (Tenmile) turbidites 
have low porosity and permeability and, 
therefore, do not have good potential as 
reservoirs (see porosity and permeability section 
of this report). However, fracture porosity is 
locally developed in these units along back 
thrusts and fault-propagation and drag folds 
(e.g., along the Umpqua River northwest of 
Roseburg). 



Potential source rocks are deeply buried 
broken formation and m~lange of the Mesozoic 
Dothan Formation and other Klamath Mountains 
sedimentary units in thrust slices interleaved 
with thrust plates of lower Umpqua strata to the 
south (e.g., near Bushnell Rock, south of Tenmile, 
and west of Remote; Wiley and Black, 1994; 
Black, 1994b; see cross section in Niem and 
Niem, 1990). Lower Eocene Umpqua Group 
turbidites and deep-marine mudstone may also 
have been thermally matured by deep burial as 
thrust slices beneath Klamath Mountains rocks 
or by hydrothermal fluids from the Western 
Cascades (see other plays discussed above). 

Several younger sandstone-dominated units 
(upper Umpqua Group) in the Myrtle Point
Sutherlin subbasin could be reservoirs, including 
the delta front and distributary sandstone and 
pebbly conglomerate of the Remote, Coquille 
River, and Berry Creek members of the White 
Tail Ridge Formation. 

Another possible, but limited, reservoir unit 
is the clean Cretaceous(?) or Paleocene(?) arkosic
quartzose micaceous sandstone which is exposed 
in widely scattered outcrops along the Wildlife 
Safari fault (e.g., near Winston and Hoover Hill; 
see Niem and Niem, 1990). This locally cross
bedded to laminated, pebbly sandstone contains 
clasts derived from the Klamath Mountains 
(Wells, 1994, pers. commun.). It is locally several 
hundred feet thick and was deposited in shallow
marine(?) or fluvial conditions. The permeability 
of the unit is widely variable. At some localities, 
it has excellent permeability and would make a 
good reservoir (see Reservoir section of this 
report). Elsewhere, it is well-cemented (tight) 
biotite-muscovite sandstone which appears to be 
part of the Dothan Formation (Jayko and Wells, 
1994, pers. communs.). It is most friable two 
miles northeast of Myrtle Point along the East 
Fork of the Coquille River where it either lies on 
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top of or is included in an isolated klippe of 
Dothan m~lange (Niem and Niem, 1990). Because 
of the scattered distribution of this unit, it would 
be difficult to predict where this potential 
reservoir sandstone would occur in the 
subsurface in subthrust plays in the Myrtle 
Point-Sutherlin subbasin. 

Other units in the northern margin of the 
Klamath Mountains that could be reservoir rocks 
in thrust slices interleaved with lower Umpqua 
Group strata are the pre-Tertiary Days Creek 
and Riddle formations of the Myrtle Group (see 
cross sections in Ramp, 1972; and Niem and 
Niem, 1990). Conglomerate and sandstone beds 
in these units have moderately high permeability 
and porosity although they appear "tight" in 
outcrop (see porosity and permeability section in 
this report). The mudstone/shale interbedded 
with the sandstone in these units is generally 
immature and has moderately low TOC and, 
therefore, would be marginal source rock at best 
(see Source Rock Evaluation section of this 
report). These units, however, represent possible, 
but limited, reservoir targets in subthrust plays. 

Additional subthrust plays and oblique-slip 
fault plays will be better defined in the next few 
years as new geologic mapping is completed by 
the US Geological Survey (R.E. Wells and Bob 
McLaughlin) and by DOGAMI (T. Wiley and J. 
Black) in the Myrtle Point-Sutherlin subbasin 
west of Remote, Powers, and Dora (Fig. 1.1). 
Several NE-SW-trending oblique-slip faults, 
steep-limbed anticlines, high-angle reverse 
faults, and thrusts emerge from beneath the Tyee 
forearc basin sequence in this area and some 
reverse faults involve the White Tail Ridge 
Formation (Black, 1994a). The details of the 
structural relationships of the Umpqua Group 
and Klamath Mountains terranes in the 
southwestern part of the Myrtle Point-Sutherlin 
subbasin remain to be determined. 



SUMMARY AND CONCLUSIONS 

Application of sequence stratigraphic 
concepts, together with a basinwide surface-to
subsurface fence diagram, seismic-reflection 
records, and microfossil and log data from several 
exploration wells and new geologic mapping (by 
DOGAMI and the US Geological Survey) refines 
previous Tyee basin lithostratigraphy. These 
approaches have resulted in a better 
understanding of the geometry of units, facies 
distribution, geologic evolution, structure, and oil 
and gas potential of this basin. 

Lithostratigraphic and structural conclusions 
are: 

(a) Four depositional sequences (I through 
IV) are defined in the 25,000-ft thick composite 
Paleogene section. Each sequence is bounded by 
local unconformities which are conformable 
basin ward. 

(b) Fan delta conglomerate, slope mudstone, 
and submarine fan turbidites of sequence I (lower 
Umpqua Group, Bushnell Rock and Tenmile 
formations) were deposited in the early Eocene as 
a syntectonic accretionary wedge in a marginal 
rift basin or "trench". These well-indurated, 
graded, lithic sandstones and conglomerates were 
sourced largely from uplifted Mesozoic terranes 
of the Klamath Mountains to the south. The 
southern part of the Umpqua marginal basin 
(which now trends NE-SW) was intensely folded, 
thrusted, and partially subducted in the late
early Eocene during plate convergence of the 
underlying thick Paleocene-lower Eocene Siletz 
River oceanic basalt basement and seamount 
terrane with the North American continent 
(represented by Mesozoic terranes of the 
Klamath Mountains). 

(c) Northward prograding, Klamath 
Mountain-derived, wave- and tide-dominated 
deltas of sequence II (upper Umpqua Group, 
White Tail Ridge Formation) filled irregular 
basin lows and thinned over submarine highs 
(e.g., Reston high) created by reactivation of the 
northwestward verging imbricate thrust faults. 

(d) Farther north in the less deformed 
central part of the basin, coal-bearing deltaic and 
deep-marine lithic and lithic arkosic turbidite 

125 

sandstones of sequences I and II thin rapidly, 
pinch out, and onlap seamounts and oceanic 
basaltic islands of Siletz River Volcanics (i.e., 
Umpqua arch). These sequences are represented 
by a 200-ft thick condensed section of deep
marine mudstone over the high. The section 
thickens northward in the subsurface into the 
Smith River subbasin. 

(e) By the middle Eocene (50 Ma), after 
accretion, a new subduction zone formed on the 
present outer continental shelf and slope of 
Oregon. Renewed subsidence created the Tyee 
forearc basin which, with the Umpqua basin and 
northern Klamath Mountains, was concurrently 
rotated clockwise. This mildly deformed basin 
presently trends north-south, obliquely across the 
older folded and thrusted Umpqua marginal 
basin. Wave- and tide-dominated coal-bearing 
middle and late Eocene deltas of sequences III 
and IV and a sandy deep-sea fan of sequence III 
(Tyee, Elkton, Bateman, and Spencer formations) 
prograded northward down the axis of the forearc 
basin. The micaceous lithic arkosic sandstones of 
these formations were sourced from rivers 
draining the granitic Idaho batholith and middle 
Eocene Clarno(?) volcanic arc terrane and from 
the Klamath Mountains. 

(f) Renewed mild east-west compression 
formed gentle north-south, northwest-, and 
northeast-trending folds in the middle Eocene 
sequences III and IV, as the southern Oregon 
Coast Range was uplifted starting in the late
middle Miocene. Some high-angle reverse (back 
thrusts?) and oblique-slip strike-slip (tear) faults 
reflect reactivation of Umpqua basement 
structures. 

Conclusions regarding the oil and gas 
potential ofthe basin are: 

(a) In general, the southern Tyee basin has 
low to moderate petroleum potential. This study, 
however, has identified several promising areas 
that merit further exploration for natural gas. 

(b) Organic geochemistry of numerous 
samples (including analyses of Rock-Eval, TOC, 
Ro, and TAl) indicates that most potential source 
rocks (e.g., shelf, slope, and overbank mudstones) 



are thermally immature to submature although 
some potential source rocks are locally mature 
(i.e., Ro 0. 7 to 1.0). Most sedimentary rock units 
would likely produce limited quantities of only or 
primarily natural gas (methane) because most 
potential source rocks in these units are 
organically lean (<1% TOC) and because the 
organic matter is dominantly gas-prone 
terrestrial Type III kerogen. 

(c) Some deltaic sedimentary units (e.g., 
White Tail Ridge and Spencer formations), 
however, contain thin, widespread beds of coal 
and carbonaceous overbank mudstone (i.e., TOC 
2 to 50%) which could act as sources for 
methane. In addition, some pre-Tertiary deep
marine m~langed mudstone and pelagic 
limestone in the adjacent Klamath Mountains 
represent restricted potential source beds. Both 
biogenic and thermogenic methane, identified by 
isotopic and molecular gas compositions, were 
sampled in numerous natural seeps, exploration 
wells, and water wells in the southern part of the 
basin and adjacent Klamath Mountains. Possible 
seals include the Camas Valley Formation, 
intraformational mudstone, and overlying tightly 
cemented sandstone units. 

(d) A computer-generated maturation model 
(BasinMod) predicts that, by the Oligocene, some 
lower Umpqua Group strata may have been 
matured in parts of the basin that were more 
deeply buried. Other mechanisms that have 
created local thermal maturation include flash 
heating by intrusion of thick basaltic sills, 
migration of hydrothermal fluids and/or frictional 
heating along thrust faults, and deep burial by 
thrusting during early Eocene subduction and 
accretion. 

(e) Reservoir-quality porosity and 
permeability are present locally in some delta 
front sandstone parasequences and delta plain 
channel sandstone facies of the White Tail Ridge 
Formation and Spencer Formation. In general, 
however, a complex burial diagenesis of zeolite 
(laumontite-clinoptilolite), clay (smectite
corrensite), and quartz cements has destroyed 
much of the primary porosity in many potential 
arkosic and lithic reservoir sandstone and 
conglomerate units (typically <5% porosity and 
<5 md permeability). Minor secondary dissolution 
and fracture (jointing) porosity have locally 
enhanced the reservoir potential of some 
turbidite sandstones in the lower Tyee Mountain 
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Member in the northern part of the basin. Minor 
secondary fracture porosity is also locally 
developed in tightly folded and thrusted Umpqua 
Group turbidite sandstones in fault-propagation 
folds. 

Three speculative petroleum systems 
(Magoon, 1988) identified within the Tyee basin 
include five structural and stratigraphic plays: 

(a) A hybrid petroleum system in the 
southern part of the Tyee basin consists of 
potentially mature lower Eocene Umpqua Group 
strata in thrust slices with locally subducted, 
mature source rocks of the Klamath Mountains. 
Thermogenic natural gas may have migrated up 
along thrust faults into fault-propagation folds of 
tectonically fractured, thermally immature 
Umpqua turbidite sandstone reservoirs and into 
the overlying less deformed White Tail Ridge 
deltaic sandstone reservoir. These reservoirs, 
which pinch out to the north, could be sealed by 
transgressive mudstone of the Camas Valley 
Formation and by intraformational mudstone 
and diagenetically "tight" sandstone beds of the 
Tyee Mountain Member. 

(b) A second speculative hybrid petroleum 
system lies along the eastern border of the basin 
beneath the foothills of the Western Cascades 
volcanic arc. Locally, gas-prone potential source 
rocks (beds of coal and carbonaceous mudstone in 
the Spencer and White Tail Ridge formations) 
may have been thermally matured by flash 
heating near thick sills or by hydrothermal fluids 
associated with mid-Tertiary volcanism and 
plutonism in the Western Cascades arc. 
Hydrothermal fluids could have migrated 
through a fracture system associated with thrust 
faults and high-angle faults into overlying 
anticlinal folds involving reservoir-quality delta 
front and channel sandstone of the Spencer and 
White Tail Ridge formations and sealed by 
Camas Valley mudstone, intraformational 
overbank mudstone, and/or younger units of the 
Western Cascades arc. 

(c) Basin-center tight-gas sandstone-
mudstone reservoirs are possible in the deeply 
buried northern part of the basin in 
overpressured zones in the lower Tyee Mountain 
Member and lower Umpqua Group (i.e., Smith 
River subbasin). Anticlinal and fault traps are 
possible. 



Proposed structural plays include the 
Williams River-Burnt Ridge anticlinal plays, 
Western Cascades play and Bonanza thrust, 

Klamath Mountains subthrust plays, and Tyee 
Mountain anticlines. 
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%DETRITAL FRAMEWORK GRAINS 

SEQUENCE STRATIGRAPHIC UNIT NUMBER QUARTZ FELDSPAR LITHIC FRAGMENTS ACCESSORY MINERALS 

OF SAMPLES Qm Qp p K Lv Lm Ls Micas HeavyM. 

Spencer Formation 2 31.88 0.77 25.10 10.37 24.84 0.13 0.38 5.76 0.77 

IV Bateman Formation 2 29.48 0.68 26.42 11.00 25.85 1.02 0.68 4.20 0.68 

Elkton Formation 1 28.54 0.71 25.94 10.38 26.89 1.42 0.24 5.19 0.71 

Baughman Member 5 24.24 1.59 22.37 8.92 36.62 0.47 0.14 4.90 0.75 

III Tyee Mountain Member 13 24.68 2.92 23.05 10.65 29.15 1.82 0.49 6.64 0.60 

Rasler Creek Tongue 2 18.78 15.81 19.86 4.41 22.76 9.59 6.27 1.49 1.03 

II Coquille River Member 8 10.95 19.17 14.18 4.83 6.93 19.01 23.28 0.25 1.38 
Remote & Upper Umpqua 12 9.75 24.98 13.29 4.87 7.98 21.44 15.91 0.29 1.49 

White Tail Ridge Formation 2 9.26 19.87 7.79 2.15 9.66 40.54 9.19 0.27 1.28 

Berry Creek Member 8 18.25 15.42 8.68 2.70 7.93 22.02 23.89 0.59 0.51 

I Tenmile Formation 5 16.21 21.11 10.27 2.36 12.49 21.11 15.27 0.66 0.52 

Slater Creek Member 2 4.07 17.78 9.26 2.73 14.69 27.65 22.58 0.62 0.62 

Bushnell&: Lower Uml"lua 7 3.70 15.03 7.63 2.06 19.21 30.28 20.68 0.69 0.72 

Klamath Mtns. ___ Pre-Terti~ 1 17.90 10.10 12.04 23.12 7.88 10.48 17.88 0.20 0.40 

I AVERAGE I =r= 17.69u~ 11.85 [ -~3 [-7.18-T 18.06 I 14.78 cy.21- -C 2.2c=J o.82 I 
"Qm=Monocrystalline Quartz, Qp=Polycrystalline Quartz, P=Plagioclase, K=K-Feldspar, 

Lv=Volcanic Rock Fragments, lm=Metamorphic Rock Fragments, Ls=Sedimentary Rock Fragments. 

Table 2.3. Percent abundance of quartz, feldspar, lithic fragments, and accessory minerals. 



SEQUENCE UNIT SORTING ROUNDING GRAIN SIZE TEXTURAL MATURITY 

Spencer Formation Moderate to Well Subangular to Subrounded V. Coarse to Medium Submature to Immature 
IV Bateman Formation Moderate to Well Subangular to Subrounded V. Coarse to Medium Submature to Immature 

Elkton Formation Moderate to Poor Angular to Subrounded Medium to Fine, some Coarse Immature to Submature 
Baughman Member Poor to V. Poor Angular to Subrounded V. Coarse to Medium, Immature 

locally Pebble Conglomerate 

III Tyee Mountain Member Moderate to Poor Subrounded to Angular Medium to Fine, locally Immature to Submature 
Pebbly to V. Coarse 

Rasler Creek Tongue Moderate Rounded to Subangular Coarse to Medium Mature to Submature 
II Coquille River Member Moderate to Poor Rounded to Subangular V. Coarse to Medium Mature to Submature 

Remote &: Upper Umpqua Poor to V. Poor Subangular to Angular Pebble-Cobble Conglomerate, Immature to Submature 

"""' 
some V. Coarse to Medium 

I Berry Creek Member Moderate Wellrounded to Subrounded Medium to Fine Mature to Submature 

Tenmile Formation Poor to Moderate Subangular to Angular Coarse to Medium Immature to Submature 
I Slater Creek Member Moderate Rounded to Subrounded largely Fine, some V. fine Submature to Mature 

Bushnell &: Lower Umpqua V. Poor to Poor Subangular to Very Angular Pebble-Cobble Conglomerate, Immature to Submature 

some V. Coarse to Coarse 
Klamath Mtns. Pre-Tertiary Well to Moderate Wellrounded to Subrounded Medium to Fine Mature 

Table 2.4. Textural characteristics of Eocene Tyee basin sandstones and conglomerates. 
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SEQUENCE 

IV 

Ill 

n 

I 

Klamath Mtns. 

SEQUENCE 

IV 

Ill 

n 

I 

Klamath Mtns. 

Stratigraphic Unit No. of Samples Q F L Qm F 
Spencer Formation 2 35.01 37.94 27.05 34.07 37.94 
Bateman Formation 2 32.06 39.48 28.47 31.08 39.48 
Elkton Formation 1 32.58 38.60 28.82 30.33 38.60 

Baughman Member 5 27.91 33.18 38.91 25.79 33.18 
Tyee Mountain Member 13 32.33 36.52 31.15 26.69 36.52 

Raster Cftek Tongue 2 49.35 26.15 24.50 19.40 26.15 
Coquille River Member 8 62.85 19.46 17.69 11.06 19.46 

Remote &.: Upper Umpqua 12 62.59 17.50 19.91 9.85 17.50 
White Tail Ridge Formation 2 66.04 1021 23.76 9.47 10.21 

Berry Creek Member 8 70.73 11.60 17.67 18.44 11.60 
Tenmile Formation 5 64.69 12.82 22.49 16.46 12.82 
Slater Creek Member 2 67.59 11.12 21.29 4.12 11.12 

Bushnell &.: Lower Umpqua 7 57.75 5.73 36.52 3.68 5.73 
Pre-Tertiaty 1 35.76 34.98 29.26 18.04 34.98 
AVERAGE 49.80 23.95 26.25 18.46 23.95 

Stratigraphic Unit No. of Samples Qm p K Lv Ls 
Spencer Formation 2 47.31 37.39 15.30 97.94 1.58 
Bateman Formation 2 44.07 39.50 16.43 94.50 2.07 
Elkton Formation 1 44.00 40.00 16.00 94.21 0.83 
Baughman Member 5 43.78 40.16 16.07 98.28 0.44 

Tyee Mountain Member 13 42.26 3956 18.18 92.00 1.81 
Raster Creek Tongue 2 42.54 45.56 11.90 49.71 12.83 

Coquille River Member 8 34.98 49.34 15.68 14.32 4653 
Remote &.: Upper Umpqua 12 36.54 49.80 13.65 12.74 34.52 

White Tail Ridge Formation 2 47.23 41.60 11.16 16.04 14.14 
Berry Cftek Member 8 61.71 29.20 9.09 12.20 48.04 
Tenmile Formation 5 56.13 35.72 8.15 19.89 3125 
Slater Creek Member 2 27.07 61.42 1150 11.91 35.73 

Bushnell &.: Lower Umpqua 7 38.68 48.47 12.86 14.02 28.82 
Pre-Tertiaty 1 34.25 22.01 43.74 22.86 49.12 

AVERAGE 42.90 41.41 15.69 46.47 21.98 
Q=Quartz; F=Feldspar; L=Uthic fragments; Qm=Monocrystalline quartz; Qp=Polycrystalline quartz; Lt=Totallithic fragments; 
Lv=Volcanic rock fragments; Ls=Sedimentary rock fragments; Lm=Metamorphic rock fragments; P=plagioclase; K=Potassium feldspar 

Table 2.5. Average values of ternary plots for Eocene sandstones. 

Lt Qp Lv Ls 
27.98 3.37 95.09 1.55 
29.44 3.49 92.12 4.39 
31.08 7.26 91.94 0.81 
41.04 5.26 94.06 0.67 
36.79 15.82 84.18 0.00 
54.45 54.30 41.57 4.13 
69.47 73.67 10.54 15.79 
72.66 73.31 10.70 15.99 

80.33 70.54 12.38 17.08 
69.96 74.85 1156 1359 
70.72 68.09 17.53 14.38 
84.76 74.89 17.55 756 
90.59 59.86 21.45 18.70 
46.98 37.88 19.02 43.01 
57.59 44.47 44.26 11.26 

Lm 
0.49 
3.43 
4.96 
1.29 
6.19 

37.46 
39.15 
52.74 
69.82 
39.76 
48.86 
52.37 
57.16 
28.02 
31.55 
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Well Name Depth Unit Source Total Extract Hydrocarbons (ppm) Nonhydrocarbons (ppm) CPI Pdl'h l (Feet) (ppm) Saturates aromatics Asphaltene NSO's 
LongBell1 4560 Upper Umpqua Brown&: Ruth (1983) 324 70 24 111 119 1.25 0.7 
LongBell1 6880 Lower Umpqua Brown &: Ruth (1983) 682 150 85 264 183 1.2 0.9 
LongBell1 8120 Lower Umpqua Brown &: Ruth (1983) 357 60 15 161 121 1.19 1.3 
Weyerh. F-1 1220 1MM Brown&: Ruth (1983) 249 . . . . 2.12 4 
Weyerh. F-1 1310 1MM Brown&: Ruth (1983) 161 . . . . 2.21 5.6 
Weyerh. F-1 1400 1MM Brown &: Ruth (1983) 115 . . . . 2.07 3.6 
Weyerh. F-1 1490 1MM Brown&: Ruth (1983) 234 18 27 115 67 2.13 5.6 
Weyerh. F-1 1580 1MM Brown&: Ruth (1983) 245 19 37 124 52 2.18 7 
Weyerh. F-1 1670 1MM Brown&: Ruth (1983) 160 8 17 89 30 2.17 5.6 
Weyerh. F-1 1760 1MM Brown&: Ruth (1983) 225 25 28 129 31 1.87 21 
Weyerh. F-1 2030 1MM Brown&: Ruth (1983) 98 . . . . 2 27 
Weyerh. F-1 2300 1MM Brown &: Ruth (1983) 188 5 22 113 36 1.97 6 
Weyerh. F-1 2840 1MM Brown&: Ruth (1983) 105 . . . . 1.95 4.8 
Weyerh. F-1 3560 Lower Umpqua Brown&: Ruth (1983) 338 38 49 136 75 1.63 3.6 
Weyerh. F-1 3740 Lower Umpqua Brown&: Ruth (1983) 621 29 115 240 181 1.48 5.4 
Weyerh. F-1 3920 Lower Umpqua Brown&: Ruth (1983) 450 30 91 185 129 1.53 6.3 
Weyerh.F-1 4100 Lower Umpqua Brown &: Ruth (1983) 527 34 98 230 153 1.48 6.7 
Weyerh. F-1 4190 Lower Umpqua Brown&: Ruth (1983) 374 17 66 169 72 1.45 6.3 
Weyerh. B-1 6230 1MM Amoco (1985) 130 . . . . 1.36 4 
Weyerh. B-1 6320 1MM Amoco (1985) 203 . . . . 1.15 6.17 
Weyerh. B-1 6420 Lower Umpqua Amoco (1985) 269 . . . . 1.68 6 
Weyerh. B-1 6510 Lower Umpqua Amoco (1985) 215 . . . . 2 5.14 
Weyerh. B-1 6610 Lower Umpqua Amoco (1985) 159 . . . . 1.16 5.55 
Weyerh. B-1 6700 Lower Umpqua Amoco (1985) 170 . . . . 1.38 5.5 
Weyerh. B-1 6800 Lower Umpqua Amoco (1985) 74 . . . . 1.19 2.75 
Weyerh. B-1 6900 Lower Umpqua Amoco (1985) 219 . . . . 1.55 5.5 
Weyerh. B-1 6940 Lower Umpqua Amoco (1985) 175 . . . . 0.83 2.71 
Weyerh. B-1 9010 Lower Umpqua Amoco (1985) 166 . . . . 1.67 6.89 
Weyerh. B-1 9280 Lower Umpqua Amoco (1985) 84 . . . . 1.77 4.17 

Mobil Sutherlin 1480 Lower Umpqua Brown&: Ruth (1983) 656 78 63 242 273 1.59 2 
Mobil Sutherlin 3590 Lower Umpqua Brown &: Ruth (1983) 1322 124 128 438 632 1.32 25 
Mobil Sutherlin 10500 Lower Umpqua Brown&: Ruth (1983) 743 41 176 153 373 1.56 4.6 

Harris 1-4 1020 1MM Amoco (1983) 1111 97 . . . . . 
Harris 1-4 1500 1MM Amoco (1983) 403 53 . . . . . 
Harris 1-4 1980 Lower Umpqua Amoco (1983) 332 64 . . . . . 
Harris 1-4 3000 Lower Umpqua Amoco (1983) 346 94 . . . . . 
Harris 1-4 3600 Lower Umpqua Amoco (1983) 128 16 . . . . . 
Harris 1-4 5120 Lower Umpqua Amoco (1983) 167 29 . . . . . 

I Harris 1-4 5480 Lower Umpqua Amoco (1983) 201 22 . . . . . 
Outcrop 36, T28S, R12W Lower Umpqua Newton (1980) 182 . . . . . 1.15 

I Outcrop 26, T21S, R12W 1MM Newton (1980) 185 . . . . . 3 

Table 4.1. Results of C15+ heavy hydrocarbon analysis. TMM=Tyee Mountain Member; CPI=Carbon Preference Index; Pr /Ph=Pristane/Phytane; 
•= Not Available 
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No. in fig. 4.22 UNIT SAMPLE NO. ROCK TYPE TOC HI (S2/TOC) Tmax Ro 

5 Hubbard Creek RN-91-112 Shale Fair Gas "Mature(?) N/A 

6 Hubbard Creek SR900' Mudstone Fair Gas "Mature(?) N/A 

10 Hubbard Creek RN-91-348 Mudstone Fair Gas "Mature(?) N/A 

1 Remote RN-91-270 Coal Very Good Gas & Oil Mature Immature 

3 Tenmile sc 1380' Mudstone Fair Gas Mature N/A 

7 Tenmile RN-91-070 Mudstone Fair Gas Mature N/A 

8 Tenmile RN-91-354 Mudstone Fair Gas Mature N/A 

9 Tenmile GH2130' Mudstone Fair Gas Mature N/A 

11 Tenmile GH1410' Mudstone Fair Gas Mature Immature 

2 Bushnell Rock sc 1860' Siltstone Fair Gas Mature Immature 

4 Bushnell Rock sc 1200' Siltstone Fair Gas Mature N/A 

12 L. Umpqua RN-90-322 Mudstone Poor Gas Mature Mature 

"Tmax values are likely to be too high because of adsorption of pyrolytic organic compounds onto the smectitic clay-rich matnx 

SR=Sawyer Rapids #1 well; GH=Glory Hole #1 well; SC=Scott #1 well 

Table 4.3. Source rocks that have the best maturity in the Tyee basin. 

LOCATION 

Fig4.20(5) 

Fig. 4.2 (#3) 

Fig4.20(2) 

Fig4.20(3) 

Fig. 4.2 (#11) 

Fig4.20(4) 
Fig4.20(1) 

Fig. 4.2 (#10) 

Fig. 4.2 (#10) I 

Fig. 4.2 (#11) 

Fig. 4.2 (#11) 

Fig. 4.17 (arrow) 



Well No. Well Name Depth (feet) Date Drilled Comments Rock Unit 

#1 LongBell1 4200 1957 Brown stain, fluorescence Tyee Mountain Member 

LongBell1 5345 1957 Slight gas Umpqua Group 

LongBell1 5590 1957 Trace, hydrocarbon cut in core Umpqua Group 

LongBell1 6040 1957 Trace, hydrocarbon cut in core Umpqua Group 

LongBell1 6900 1957 Tar stain, fluorescence Umpqua Group 

#2 Harris 1-4 5962 1982 Gas shows and several oi shows Siletz River Volcanics 

#3 Sawyer Rapids 850 1980 Minor oil Hubbard Creek Member 

Sawyer Rapids 959 1980 Trace of gold fluorescence Hubbard Creek Member 

Sawyer Rapids 1050 1980 Minor oil Tyee Mountain Member 

#4 Weyerh. F-1 1000 1985 Oil in mud, slight yellow cut Tyee Mountain Member 

#5 Weyerh. B-1 1400 1985 Oil stain, slight yellow cut Elkton Formation 

Weyerh. B-1 2100 1985 Oil stain Baughman Member 

..... 
~ 

Weyerh. B-1 2900 1985 Oil stain Hubbard Creek Member 

Weyerh. B-1 5300 1985 Trace crude oil in mud Tyee Mountain Member 

Weyerh. B-1 11204 1985 Micro show Siletz River Volcanics 

#7 Oakland 2200 1926 Trace oil ? 

Oakland 2234 1926 Considerable gas ? 

#8 Sutherlin Unit 1 13177 1979 Tested 28 mcfd at 3000 feet Siletz River Volcanics 

#10 Glory Hole 2980 1983 Pale yellow cut Tenmile Formation 

#11 Scott 1 1500 to3520 1954 Oil show in cores Bushnell Rock Formation 

Scott 1 3792 1954 Some oil colors Umpqua Group 

#13 W.F.Kernin 3900 1931 to 1948 Gas and oil shows ? 

#15 F. W.Dillard 700 1910 Oil in shale reported ? 

#16 Ziedrich 1 1640 to 1655 1955 8 to 10 mcf; oil shows Remote Member 

Ziedrich 1 4368 1955 Some gas Tenmile Formation 

#18 Wollenberg 1 1100 1956 to 1965 Gas shows ? 

#20 Dayton 1 1370 1955 to 1958 Small flow of gas ? 

Table 4.4. Oil and gas shows in exploration wells (from Niem and Niem, 1990). 



Formation Age Thickness Lithology Paleo-Water Depth 

Bateman 
Elkton 

Baughman 
HubbardCk. 

TyeeMtn. 
Raster Ck. 

Camas Valley 
WTR 

Tenmile 
Bushnell Rock 
. pre-Tertiary 

(Ma) (Feet) Sandstone Siltstone Mudstone 
48 1200 85 10 

48.2 1200 5 25 
48.5 1000 95 5 
49 600 - 10 

49.5 3400 90 5 
49.6 600 70 10 
49.8 1200 - 5 
51 4200 70 15 
52 2000 30 30 
54 4000 90 5 
67 3000 90 5 

Initial Porosity (%) 45 55 
Compaction Factor (km-1) 1.75 2.2 

•JN =Inner Neritic; ON =Outer Neritic; UB=U pper Bathyal; MB=Middle Bathyal 

WTR=White Tail Ridge Formation 

5 

70 

-
90 
5 

20 
95 
15 
40 
5 
5 

60 
2.4 

(Feet) 
Oto 150 IN 

1560 ONtoUB 
Oto 150 IN 

1560 ONtoUB 
4700 UBtoMB 

Oto 150 IN 
4700 ON toMB 

Oto150 IN 
4700 UBtoMB 

Oto150 IN 
Oto 150 IN 

Table 5.1. Input values for geohistory calrulations for Basin Mod program for the Tyee basin. 

Well Name Total Depth Surface Tern. Bottom H. Tern •correction F. Gradient 
(Feet) (OF) (OF) (OF) (°F/100 feet) 

Long Bell 9004 65 143 30 1.1995 
Florida Harris 5962 65 129 23 1.4592 
Sawyer Rapids 5560 65 108 21.3 1.1565 
Weyerh. F-1 4390 65 115 17.4 1.5353 
Weyerh. B-1 11300 65 152 32.7 1.0593 
Union Ules 6686 65 108 25.1 1.0185 

Mobil Sutherlin 13160 65 178 32.5 1.1056 
Scott 3684 65 117 14.8 1.8132 

U.Ziedrich 3061 65 90 12 1.2088 
Great Discovery 3497 65 90 14 1.1152 
"Standard AAPG temperature correction (Meissner, 1978) applied A vera&e - 1.2671 °F/100 feet 

Table 5.2. Modern geothermal gradients calculated by using bottom-hole 
temperatures from 10 exploration wells in the basin. The average 
regional geothermal gradient is 1.27 °F/100 feet. 
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