eventﬁally built up above the ocean floor. A simplified model for-
the emplacement of the Cole Mountain basalt is presented in figure
£8.

Siliceous hydrothérmal deposits are commonly associated with
basaltic sills intruded into water-saturated marine sediments
and with submarine flows (Einsele, 1982). Irregular siliceous pods
and veins have been reported from andesitic sills intruded into
marine sediments on Unalaska Island (Snyder and Fraser, 13963). The
siliceous pods in this area commonly occur as fillings between
pillows on sill margins. The Cole Mountain basalt also contains
irregular pods of silica and veins of microcrystalline guartz.
Siliceous masses are commonly found in modern soils developed
;n Coie Mountain basalt. .It is possible that more of these basaltic
rocks were originally pillowed.

The Cole Mountain basalt was erupted and emglaced in a forearc
settiing on the upper continental slope or outer shelf. This is
evidenced by the following: 1) the presence of upper bathyal to
outer neritic foraminifera and diatoms in the mudstones directly
above, below, and between the volcanic rocks (appendix 2); 2) common
vesicles in the Cole Mountain basalt (vesicular basaltic eruptions
generally occur at water depths less than S00 m; McBirney, 1883);

3) the presence of Keasey Formation glauconitic sandstones directly
above Cole Mountain basalt. Glauconite typically forms in marine
environments with low sedimentation rates and is aspecially common on
topographically elevated areas in the outer shelf (McRae, 1872; Kulm
et al., 1975); and 4) the presence of the Cascade volcanic arc to the

east of the thesis area during the late Eocene (Wells et al., 13984),
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Tharafore, it is possible that Cole Mountain basalt formed a small
submarine topcgraphic high in the slope basin. Einsele (13882),
however, has suggested that fluidization of wet sediments during
emplacement of shallow intrusions results in a lateral rather than a
vertical displacement of surrounding sediments. The Cole Mountain
basalt contains a few hyaloclastite and debris-flow deposits which
suggest topographic relief. Theraefore, the Cole Mountain basalt
probably formed a small submarine "knoll” with relief less than what
might be expected based on the total thicknass of the unit., This
knoll apparently formed a high in which terrigencus sediments were
funneled around resulting in low sedimentation rates allowing
glauconite to form and resulting in a high concentration of waterlaid
tuff.

Recently, it has been shown that when subaerially erupted
basaltic rocks flow into lacustrine or marine environments, the
igneous rocks can form "invasive" dikes and sills (Schmincke, 1887;
Byerly and Swanson, 1978; Beeson et al., 1979). Since the Cole
Mountain basalt is chrénologically, geochemically, petrographically,
and stratigraphically correlative to the predominantly subaerially
erupted type Goble Volcanics, it is possible that the Cole Mountain
basalt is "invasive” in origin. There ars, however, several lines of
evidence that argue against an invasive origin. First, surface and
subsurface mapping (g.g9. Newton, 1976; Bruer et al., 1984) show that
Cole Mountain basalt and type area Goble VUolcanics are separated by a
large area in Columbia County where middle Eocene to middle Miocene
sedimentary rocks are present but where few or no age equivalent

(latest Eocene) bhasaltic rocks are present (see previous saction).



If the sills are invasive, they should show a distinct conmection
with the subaerial flows. Secondly, the Cole Mountain basalt include
many dikes which reorient as sills upsection (Plate II)., The dikes
can be traced to within several metars of the Tillamook VUolcanics,
although not into the volecanics (Safley, in prep.; Timmons, 1981),.
Invasive basalts appear to consist of sills with dikes "sprouting”
upward from the sill (Byerly and Swanson, 1378; this study, Columbia
River Basalt Group section). Thirdly, the degassed invasive basaltic
rocks appear to contain few or no vesicles (Byerly and Swanson,
1878). This may not, however, be an inherent feature of all invasive
sills. Finally, a hyaloclastitic sediment gravity flow occurs on top
of the Cole Mountain basalt at several localities. This
Hyaloclastite deposit app;ars to be localized in the thesis area and,
therefore, probably was not sourced from the type area Goble
Volcanics. It is unlikely that a subagueous basaltic flow would
remain at the sediment-sea water interface as it crossed the shelf.
Poorly consolidated, water-saturated sediments on the sea floor
would be indusive to invasion rather than surficial flow. In
conclusion, there is considerable evidence that the Cole Mountain
‘basalt was locally erupted. However, since Cole Mountain basalt
dikes were not found intruding Tillamook Volcanics and since the late
Eocene stratigraphic section to the east of the thesis area has been
removed by late Miocene to Recent erosion, the possibility of
invasion from correlative hypothetical late Eocene volcanic centers
to the east of the thesis area cannot be completely eliminated.

It has been shown that the Cole Mountain basalt is chemically

similar to volcanic rocks formed in compressional tectonic



environments (g.g., island arcs). The Cole Mountain basalt was
emplaced somewhere between 38 and 41 Ma. AY{ this time the volcanic
arc was sweeping westward in rasponse to plate reorganization and the
cldest rocks of the Cascade arc were being erupted (Wells et_al.,
1364)., The Cole Mountgin basalt may represent an early, more diffuse
wesiern expression of Cascade arc volcanism or could be the result of:
localized forearc volcanism (sae Tillamook Volcanics, Geologic

History and Tectonic Setting section).



KEASEY FORMATION
Nomenclature and Distribution

Schenck (1827) first used the term “Keasey shale" for a sequence
of tuffaceous siltstone and mudstone along Rock Creek near Keasey
Station, in Columbia County Oregon. Weaver (1837) expandad the
definition 6F the unit by including an overlying sequence of
tuffaceous siltstone. Warren and Norbisrath (1946) divided the
Keasey Formation into three informal members: 1) a lower shale
member of variable thickness; 2) a middle tuffaceous, concretionary
siltstone nemﬁer (approx. 520m thick); and 3) an upper sandy shale
Aember (approx., S0 m thicL). Van Atta (1971) noted that the members
of Warren and Norbisrath (1946) can be defined only in a limi&ed
area in Columbia County.

Olbinski (1983) and Nelson (1985) informally proposed the Jeweli
member of the Keasey Formation for a sequence of laminated tovthinly
bedded, locally glauconitic mudstones near Jewell, in Clatsop County
Oregon. The Jewell member is lithologically similar to the lower two
members of the type section Keasey Formation, but tands to be
thinner, better laminated, darker colored, and contains clastic
dikes. Olbinski (1983) restricted the Keasey Formation in eastern
Clatsop County to the Jewell member. Nelson (1385), however, divided
the Keasey Formation adjacent to the thesis area into three informal
members: 1) the basal Jewell member: 2) the Vesper Church memher;
and 3) an upper mudstone member. The VUesper Church member of Nelson

(1985) is correlative to the Vesper Church formation of Olbinski
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(1383) which has recently been radefined as the Sager Creeak Formafion
by Niem and Niem (in press). The upper mudstone memher of Nelson
(1985) has been included in the Oswald West mudstone (Smuggler Cove
formation of this study) by Peterson (1984) and Niem and Niem (in
press). The upper mudstone member of the Keasey Formation of Nelson
(1985) is a lithologically distinct unit which is thought to be a
facies equivalent of the Pittsburg Bluff Formation and, therefore,
was not included in the Keasey Formation in this study.

Following the nomenclature of Olbinski (1983) the Keasey
formation in the study area has been restricted to the Jewell
member. Lower Smuggler Cove formation mudstones mapped in the
thesis area are probably, in part, correlative to the uppar Keasey
#ormation near the type a;ea (see fig. B). The Refugian louwer
Smuggler Cove formation mudstones were not included in the Keasey
Formation because of their lithologic similarity to upper Smuggler
Cove formation mudstones and because of the difficulty in
distinguishing lateral bathyal facies of the Ksasey Formation from
overlying lateral bathyal facies of the Pittsburg Bluff Formation and
the Vesper Church formation (Sager Creek Fprmation of Niem and Niem,
in press).

The Jewell .member of the Kasasey Formation crops out throughout
the central part of the thesis area (fig. 4 and plate 1). The hest
exposures of the unit occur one kilometer northeast of Hamlet along
logging roads (localities 179, 180, 181 and 181), in the North Fork
of the Nehalem River (sec. 25, T4N, RSW), and near Rector Ridge
(localities 377 and 382). The unit typically forms low hills and

hummocky topography. It is commonly subject to landsliding. The
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thickness of the Jewell member in the thesis area is difficult to
ascertain accurately, owing to moderately poor exposures. Field
estimates indicate a thickness of SQ@Q@ to 800 m. In the CZ 11-28
well, adjacent to the thesis aresa, the unit is approximately 750 m
thick (plate 3). Olbinski (1983) reported that the Jewell mamber uwas

385 m thick in the Quintana Watzek 30-1 well.
Lithology

The Jewell member consists of thinly bedded to laminated
tuffaceous mudstione and rare fine-grained arkosic sandstone beds and
clastic dikes (fig, 639). Fresh mudstones are dark gray (N 3) but are
£ypically weathered to a ;ery pale orange (10QYR 8/2). The mudstones
commonly contain thin (<l15cm) tuff beds (fig. 70) which are very
light gray (N 8) to grayish yellow (5Y 8/4) and may contain faint
laminations. Irregularly shaped small (1/2m dia.) calcareous
concretions are rarely present (g.qg., locality 535). Several
fragmented and weathered molluskan fossils were collected from the
unit, but they were too poorly presarved for further identification.
Helmenthoida trace fossils are locally abundant and larger
foraminifera such as Cyclamina can be seen in some hand samples. At
the base of the unit, directly above the Cole Mountain basalts, the
mudstones are very tuffaceous, light colored (N 8), and distinctly
bedded to laminated (e.q. localitias 162 and 653), Small (<lcm)
pumice fragments are sparsely scattered in these highly tuffaceous
mudstones. A debris flow deposit composed of well-laminated, highly

tuffaceous siltstone blocks was found at one locality (162) at the
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Fig. 69. 6Good exposure of dark colored, bedded, and laminated
mudstones in the lower-middle part of the Jewell member. A
Qlauconitic sandstone bhed, which is difficult to see,
occurs near the middle of the outcrop (locality 191, NE 1/4
SW 1/4 sec. 4, T4N, R8W).



Fig. 70.

Thin tuff beds in the upper part of the Jewell member
(locality 17@). Note typical chippy weathering of the
Jewaell member.
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base of the Jewell member (fig. 67).

Scattered thin (<lm) glauconitic sandstone and glauconitic
siltstone beds are generally present in the basal part of the Jewell
member above the highly tuffaceous mudstone. The glauconite in these
sandstones and siltstones is generally coarse sand-sized and is in
both grain and matrix support. Thase beds may be highly bioturbated,
resulting in distribution of the glauconite into surrounding
mudstones. The glauconitic sandstone and siltstone, which comprises
less than 5% of the Jeswell manber,;is best exposed at localities 191,
401, 377, and 827.

Approximately 3@ metars abeve the glauconite heds there are a
few arkosic sandstone channels and clastic sandstone dikes. The
gandsfone channels are leﬁticular with dimensions approximately 2 1/2
m wide by 1/2 m deep (fig. 71). The sandstones in these channels ars
grayish orange (18YR 7/4), moderately well-sorted, fine-grained, and
massive, Sandstone channels were found in only three exposures,
within the thesis area (localities 179 and 18@), but thin beds and
_laminae of arkosic sandstone occur at localities 137 and 145. These
sandstone beds and laminae are bioturbated and lithologically similar
to the arkosic sandstones. Clastic arkosic sandstone dikes are
common throughout the "lower middle” part of the Jewell member
(localities 181, 353, 377, 382, 532, and 623). The clastic dikes are
typically thin ({1/2m), nearly vertical, generally orientad
northwesterly, and are lithologically identical to arkosic channel
sandstones, indicating that they are a result of rapid loading and
liquafication of the channel sands.

The Jewell member to the east of the thesis area (Olbinski,.
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Fig. 71, Lenticular arkosic sandstone channel in the Jeuwell
(locality 179, SW 1/4 NE 1/4 sec. 4, T4N, R8W).



1983; Nelson, 188S; ﬁumford, in prep.) is litholoéically similar
to the Jewell member in the thesis area. The differences being
that Olbinski (1983) found basaltic sandstones near the base of
the unit and arkosic sandstone channels have been found only within
the thesis area. The presence of arkosic clastic dikes in adjacent
areas suggests that the sandstone channels are present but have not
been observed. Olbinski (1983) reported the presence of thin arkosic
sandstone beds in the Jewell member in the Quintana Watzek 30-1 well,
located in eastern Clatsop County, and Martin at al. (in press)
reported fine-grained basaltic conglomefates from near the bése of
the Jewell member in the Boise Cascade well, located in northeastern
Clatsop County.

The Jewell member is more tﬁffaceaus,»leés carbonaceous,
and less micaceous than the Swest Home‘Creék mudstone member of
the Hamlet formation. In addition tuff beds, clastic dikes,
glauconitic sandstones to -siltstones, end small arkosic ssndstone
channelsvappear to be restricted to the Jewell member. Therefore,
even though both the Jewell member and the Sweet Home Cresek membar
are composed primarily of mudstone they can be distinguished in the
field. It is, however, generally difficult to distinguish between
upper Jewell member mudstones and the overlying Smuggler Cove
formation mudstones. The upper part of the Jewell member is
typically faintly bedded whereas the lower Smuggler Cove formation
mudstones are more massive and bioturbated. In highly weathered
exposures it is not always possible to distinguish between the two

units.
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Contact Relations

The Jewell member is unconformable upon the Cole Mountain
basalts and the Sweet Home Creek member of the Hamlet formation.
This contact was discussed in the Cole Mountain basalt section. The
upper contact of the Jewell member is conformable and gradational
with the overlying lower Smuggler Cove formation mudstones. Although
this contact is not exposed in the thesis area the absence of an
unconformity is evidenced by the similar ages, depositional

environments, lithologiss, and structural attitudes of the units.

Age

The Jewell member in the thesis area is lower Refugian (late
Eocene) in age. Over fifty different benthic foraminifera species
from fourteen surface and subsurface localities were collected from
the Jewell member and identified by Kristin McDougall
(U.8. Beological Survey) and Weldon Rau (Wash. Dept. of Natural
Resources) (appendices ] and 2). Threse sur?ace localites contain
age—-diagnostic foraminiferal faunas which ware assigned to the
lower Refugian stage (McDougall, pers. comm., 1983) (appendix 2).

Two of these localities were from the base of the unit (859 and S35);
the third from the top of the unit (528)., Calcareous nannofossils
collected from locality 529 indicate a late Eocene to early Oligocene
age which is consistent with the foraminiferal data (Bukry, personal
communication, 1983). The Jewell member foraminiferal fauna is

similar to the fauna in the type section Keasey Fomation and is
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considered to be primarily "lower" Refugian (McDougall, pers. coém.,
1883).

McDougall (1875) made the latest and most deatiled
biostratigraphic study of the type Keasey Formation, located in
western Columbia County along Rock Creek. She considerasd the very
base of the formation to be late Narizian in age with the remainder
of the unit being assigned to the Refugian stage. In adjacent
eastern Clatsop County, Niem (personal communication, 1984) has
collected a sample of foraminifers from the type locality of the
basal Jewell member which Rau assigned to the late Narizian whereas
McKeel and McDougall assigned the foraminifera to the lower
Refugian. This suggests that the basal Keasay Formation straddies
the Narizian-Refugian bou%dary. Sanplesvfrom near the basal contact
of the Jewell member in the thesis area contain a lower Refugian
fauna. In conclusion, the Keasey Formation and the Jewell membar of
the Keasey Formation are primarily Refugian in age with the basal

part of the unit straddling the Narizian-Refugian boundary.
Correlation

The Jewell member is correlative to the lower and middle
part of the type Keasey Formation in Columbia County. The
glauconite-rich “Nehalem formation" (mapped in southwestern Columbia
County) of Deacon (1953) is probably correlative to the lowef part of
the Jewell member. The Jewell member may also be correlative, in
part, tc the Narizian upper mudstone member of the Cowlitz Formation

of Bruer gt gl. (1984) in the subsurface of Clatsop and Columbia -



Counties. In the Quintana Watzek 70-1 well a thin section of
micaceous mudstones overlies the Cowlitz Formation sandstones and
underlies the glauconitic sandstones of the basal Jewell member
{fig. 68). I prefer to assign these micaceous mudstones to the
Cowlitz Formation. Bruer et al. (1984), however, have depictsd a
very thick section of mudstone in the upper Cowlitz Formaiion in the
subsurface of Clatsop and Columbia counties. These mudstones were
agssigned to the Cowlitz Formation, at least in part, because they
contain a “Narizian" fauna. Since there appears to be some
discrepancy between workers on the praecise location of the
Narizian-Refugian boundary, it is possible that some of these
mudstones aEe correlative to the Jewell member. Martin et al, (in
ﬁressf have recently mapp;d Jéwell member mudstones in the subsurface
of Clatsop County where Bruer et al. (1984) had mapped upper Cowlitz
Formation mudstones.

South of the thésis area, Wells @t _al. (1983) have mapped .
undifferentiated Refugian mudstones that are, in part, correlative to
the Jewell member., Regionally, the Keasey Formation has been
correlated to the basal part of the Lincoln Creek Formation of
southwest Washington, the basal part of the Alsea Formation of the
central Oregon coast, the Bastendorff Formation of the southern
Cragon coast, and the Townsend shale of the Olympic peninsula

"(Armentrout et al., 1983; Cushman‘and Schenck, 1928; Durham, 1945)

(fig. 5.
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Patrology

Mo&al analyses were performed on nine thin—sections and seven
heavy mineral grain mounts of Jaswell member arkosic sandstones
(appendices). Elauconitic sandstones were not examined. A number cf
mudstone smear slides were also prepared and examined. Scanning
slectron microscopy and energy dispersive X-ray (EODX) analyses were
performed on an arkosic sandstone channel sample (locality 179).

The sandstones examined are matrix rich (18% matrix) and, therafore,
are considered to be wgckes (Williams gt al., 1954). Sandstones in
the Jewell member classify as arkosic wackss, feldspathic wackes, and
subfeldspathic lithic wackes using the classification scheme of
Qilliams at _al. (1954) (f;g. 72). Much of the matrix in the Jewell
member sandstones appears'to be authogenic and, therefore, these
sandstones wers probably arenites at the time of deposition. The
sandstones classify as lithic arkoses, faldspathic litharenites, and
subarkoses on Folks 1980 classification if matrix is excluded

(fig. 72). The average composition of the sandstones is: 38%
monocrystalline quartz (both strained and unstrained), 4%
polycrystalline quartz, 4% plagioclase (An 15-55), 9% orthoclase, 1%
microcline, 1% chert, 6% biotite, 3% muscovite, l% horneblende, 8%
metamorphic rock fragments, 4% andesitic volcanic rock fragments, 17%
matrix, and approximately S% porosity (appendix 9) (fig.73).
Framework grains are subangular to subrounded with rare well-rounded
clasts, fine-to very fine-grained, and modérately well-sorted.

Figure 72 and appendix 8 show that the arkosic sandstones in the

Jewell member all have similar composition. Furthermore, there are
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Fig. 72. Classification diagrams for sandstone samples from the thesis area.
The left hand diagram is for samples with less than 15% matrix whereas
the right hand diagram is for samples with more than 15% matrix.
Samples with abundant diagenetic matrix were plotted on both diagrams.
Roy Creek member (®, Sweet Home Creek member ™, Jewell membar (n,
Smuggler Cove formation @), Pittsburg Bluff Formation ©, ball park
unit of the 5.C. fm. (W, and Astoria Formation © samples have been
plotted.
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Fig. 73.

Photomicrograph of arkosic sandstone sample 179 from the
Jewell member (crossed nicols). Note the presence of
biotite (b), angular microcline (m), and monocrystalline
quartz (q).
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no compositional differences between clastic dikes and channel
sandstone. The composition of the Jewell mamber arkosic sandstones
in the thesis area is very similar to the composition of Jeswell
member sandstone reported by Olbinski (1883) and Nelson (1385) and to
Cowlitz Formation sandstone reported by Olbinski (1983) and Van Atta
(1871). Abundant biotite (avg. 6%) in the Jewall member sandstones
serves to distinguish them from other arkosic sandstonas in the
thesis area,

Common heavy minerals (specific gravity 2.92) in thg Jewell
member are, in decreasing abundance: ‘Opadua minerals, epidote,
biotite, muscovite, zircon, garnet, hornblende, tourmaline,
hypersthene, augite, apatrte.«sphene; rutile, clinozoisite, and
staurolite (appendix lﬂ)lifig.74). Tr#ée amounts of diopside,
lambrobolite, tremolit;,‘-crrange zircon.w kyanite, monazite,
andalusite, and sillimanite are préseﬁ;. Heavy minerals compose from
@.2 to 0.8% of the 34 to 46 size fraction and are typically angular
to subangular, but rare grains of well-rounded abrasionally resistant
zircon, garnet, and tourmaline are present suggesting some recycling
from sedimentary sources. The heavy mineral assemblages from the 7
samples examined are all very similar and there is no apparent
difference between clastic dike samples and channel sandstone
samples suggesting a common origin. Olbinski (1983), Nelson (1985),
and Van Atta (13971) have reported heavy minaral assembléges from the
Cowlitz Formation that are similar to the Jewell member assemblage.

Smear slides show that the mudstones consist of clay minerals
and less common silt-;ized quartz, feldspar, mica, and volcanic

glass. Rare marine diatoms (locality 533, appendix l) and a few
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Fig. 74. Heavy mineral assemblage from arkosic sandstone sample 179
in the Jewell member (plane polarized light). Note the
presence of euhadral zircon, biotite, and epidote.
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calcareous nannofessils (localities 529, 533, 2116-1@, and 2116-17)
are present. A number of mudstone samples were disaggregated and the
greater than 44 size fraction was axamined. Benthic foraminifsra,
rare plankonic foraminifera, rare fish teeth, rare geodites (fish ear
bones), and rare very fine-grained silicate minerals comprise the
sand-sized fraction. Benthic foraminifera comprise @ to 2% of the
rock with other constituents occurring in trace amounts. MHeavy
minerals from a mudstone sample (2118*21) consist of very rare
biotite, very rare apat“ite‘. ar;d ;bupdant opaque minerals. Most
opague minerals are pyritei;na pyrivtized microfossils (appendix 10),

Scanning electron microscopy (SEM) was performed on a channel
sandstone (locality 17‘3).‘ VTthQXiQHSiVQ"C.'l.QY} matrix observed in
thin-section can easily E; Se;n‘in‘ééﬂ‘photoqraphs (fig. 78). Clay
matrix has destroyed most primary porosity with clays being both
detrital and diagenetic in origin. Gome of the clay has a highly
crenulated to honeycomb morphology indicative of authigenic formation
whereas other clays are massive to irregular suggesting a detrital
origin (see Welton, 19847 (fig. 75). Thin~section analysis shows
that the channel sandstones have been slightly bioturbated and that
injection of clastic dikes into mudstones resulted in incorporation
of adjacent muds into the sand. Energy dispersive x-ray analysis
(EDX) on the clay in an arkosic sandstone (sample 179) suggests that
the clay is primarily either kaolinite or smectite or-a combination
of both. This is evidenced by EDX patterns showing abundant Si and
Al with minor Fe and Ca. EDX analysis of a mudstone sample (locality
5239) showed abundant Si and Al as well as fairly common Mg, Fe, K,

Ca, and Ti. Smectite clays generally have a chemical composition



Fig. 7S5. SEM photograph of arkosic sandstone in the Jewell member
(sample 179). Porosity and permeability are low because of
extensive clay infilling.
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similar to this (Welton, 1984). Mumford (in prep.) using X-ray
diffraction analysis has found that Jewell member mudstones are
composed primarily of smectite and characteristically contain
the zeolite clinoptilite, which is a common alteration product of
volcanic glass.

The following diagenetic sequence was observed in the Jewell
member sandstones: 1) mechanical crushing of volcanic rock fragments
and micas; 2) development of authigenic smectite clay minerals as
evidenced be scanning electron microscopy and partial dissolution of
feldspars;: and 3) minor teleogenetic oxidation of iron-bearing
minerals such as augite and plagioclase. No pore-filling cements,
silica overgrowth,.and authogenic zeolites were observed. Mechanical
erushing ;a minor, prdbahiy a result of abundant detrital clay, and
evidenced by slightly deformed mica. The diagenetic sequence
observed in the Jewell member sandstones is similar to that of
shallow buried Tertiary sandstones in Wyoming (Stanley“and Benson,
1979), arc derived Tertiary sandstones in westarn Washington
(Galloway, 1979), and the Miocane Astoria Formation in northwest
Oregon (Cooper, 1981} Peterson, 1984). These sandstones are similar
to the Jewell member sandstones in that they lack significant quartz,
carbonate, and zeolite cements; are cemented by “smectite" clays; and

are moderately friable.
Provenance

Source terranes for the Jewell member included igneous,

metamorphic, and sedimentary rocks. An andesitic source is indicated



by the presence of andesitic rock fragments, andesine, hypersthene,
green hornblende, lamprobolite, and tuff beds. The developing
Cascade arc to the =2ast was probably the source for much of the
andesitic detritus. A minor basaltic source area is indicated by the
presence of basaltic rock fragments, augite, magnetite, and
leucoxene. The western Cascade arc may also have been the source of
the basaltic detritus. It is unlikely that the Tillamook Volcanics
were subaerialy exposed during deposition of the Jewell member and,
therefore, were probably no#,a source of the basaltic detritus. It
is, however, possible that some qf the volcanic detritus at the base
of the unit was derived,fromvthezCole Mountain-6oble volcanics.

An important low tovhigh rank metaﬁorphic serce is indicated by
the presence of :abundant Eiotite,ﬁepidofe, and garnet as well as by
a few grains of sillimanite, andalﬁsite,.kyanite, ¢linozoisite,
diopside, trendlrte, and‘staurolife. Rare phyllitic, schistose, and
gneissic rock fragments were observed in the Jewell member
sandstones. The prasence of microcline, orthoclase, euhedral zircon,
and tourmaline (schorlite) suggest a minor acid igneous source for
Jewell member. The Northern Cascades of Washington (Misch, 1366),
the Klamath terrane of southern Oregon and northern California
(Scheidegger et al., 1971), and the Mesozoic Idaho and Wallowa
. batholith are probable source areas fo? the metamorphic and acid
igneous detritus.

Well rounded zircon and very weil-rounded quartz were found in
several samples. This indicates that they were derived from
sedimentary rocks as several cycles of deposition are needed to round

these minerals (Pettijohn, 1974). Since well-rounded clasts are rare
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in the Jewell member, recycled sedimentary rocks probably contributed
little detritus. The Cowliiz Formation sandstones, as previously
notad, are lithologically similar to the Jewell member sandstones.
Therefore, 1t is possible that much or all of the Jewell member
sandstones wers derived by reworking of Cowlitz Formation “"sands® at
the unconformity between the units. The Cowlitz Formation sandstoneas
would have been poorly lithified or non-lithified at this time and
transportation would have resulted in little textural change.

In conclusion, the Jewell member arkosic sandstones were derived
primarily:from metamorphic and acid igneous source areas with lesser
contributions’fron intermediate volcanic and sandstone sources.
Jewell menber mudstones are tuffaceous and contain common tuff beds
indicatiﬁg that they wereiprimarily‘derived from explosive
intermediate t§ silicic velcanic sources such as the western Cascade
arc (g.g. Little Butte Volcanics of Wells and Peck, 1381). Van Atta
(1371) noted that the Cowlitz Formation sandstones, which are
lithologically similar to Jewell member sandstones, were derived from
plutonic and metamorphic terrains in Oregon, Washington, and Idaho
and were transported via an ancestral Columbia River to northuest
Oregon. A similar source is likely for much of the Jewall member
- sandstones. In other words, tnhe ancestral Columbia River system that
supplied detritus to the Narizian Cowlitz Formation continued intc
the Refugian supplying minor sand size detritus to the Jewell
member. Finer-grained tuffaceous detritus from the developing
Cascade arc did, however, become more abundant during the Refugian
partially masking the Columbia River source. As previously

mentioned, it is possible that the arkosic sands in the Jewell meamber



were derived from reworking of Cowlitz Formation “sands" but,
unfortunately, this hypothesis is difficult to prove.

Dickinson and Suczgk (1979) devised a classification scheme of
detrital framework modes for sandstones that can be used to help
determine plate tectonic setting. Jewell member sandstones plot
within the recycled orogen provenance field on the
quartz-feldspar~lithic triangular diagram of Dickinson and Suczek
(19739) (fig, 38). The recycled orogen provenance is dafined as
having sources from uplifted subduction zones, along collision
orogenies, or within forsland fﬁld~thrust belts. bata from this
study and from Olbinski (1383) show that the Jewell member was
deposited in a forearc basin. These conflicting coriclusions support
éhe hypothesis tha; an anéestral Columbia River system which recieved
detritus from a ”rec}cled orogen provenance” (g.q., Rocky Mountain, |
North Cascades, Kléhath terrain) and bypassed the western Cascade arc

depositing some coarse detritus in a forearc basin.
Grain Size Analysis

Nine samples of Jewell member sandstone were disaggragated
and sieved. Cumulative frequency curves were constructed and the
statistical parameters of Folk and Ward (1357) were calculated
(appendix ll). The statistical parameters were calculated both with
matrix and matrix~free. The matrix free calculation eliminates most
post-depositional fextural changes (e.g., authigenic clay and
mechanical emplacement of clay but do not take into account detrital

clay.)., The grain sizas characteristics of the sand at the time of



deposition were somewhers between the matrix and matrix—free
calculations., In most cases, the differasnce between the two
calculations is minor (appendix 11).

Jewell member sandstones are very fine-to fine-grained (mean
2.546 to 3.884), usually moderataly sorted (std. dev. 2.42 to 1.37) and
have highly variable skewness.and kurtosis values. There are no
apparent differences in grain size distribution between the channel
sandstone (179) and the clastic dike samples suggesting a common
origin. The only trend noted is that the sandstones in the southern
and eastern part of the thesis area are usually coarser than those in
the northwest part of the thesis area.

Jewell member sandstones were plotted on the coarsest 1%
versus median diamster pl;t of Passaga (1957) as an aid in
determining depositional environment (fig. 47). The samples plot as
a fairly tight group with most samples plotting in or near the
tractive current field. The Jewell member sandstones have grain size
distributions similar to the upper slope and outer shslf sands off
Oregon reported by Kulm gi_gl._(1975) and Kulm and Scheidegger

(1979).

Depositional Environment

Environmentally diagnostic benthic foraminiferal assemblages
were collected from three Jewell member samples in the thesis area
(appendices 1 & 2). These foraminifera were interpreted to represant
upper to "lower" bathyal degosition (200-2,000 m). Foraminifera

collected from the CZ 11-28 well adjacent to the thesis area were
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interpretad a2s bathyal by both Weldon Rau (Wash. Div. of Natural
Res,) and Kristin McDougall (U.S. Geological Survery). The tuo
workers examined the same samples, but arrived at slightly different
Bathyal interpretations. For example, Rau considered the fauna in
sample 528 to be middle bathyal whereas McDougall considerad it to be
lower bathyal. The discrepancy is probably due to the difficulty in
subdividing the bathyal biofacies (as discussed in Hamlet formation
section). Nelson (1985) and Mumford (in prep.) have collected upper
bathyal foraminifera from the Jewell member to the east of the thesis
érea suggesting a slight shallowing trend towards the east. Diatoms
collected from locality 529 indicate daposition near the self.edge
(approx. 200-300m) (Barron, personal communication, 1984). The
presance of common ﬂg;mgniggigg trace fossils is consistant with a
bathyal depositional anvironment (Chamberlain, pers. comm. to Nelson,
1885).

The composition of Jewell member mudstones is similar to recent
upper slope muds (Kulm and Scheidegger, 1879) and to ancient upper
slope mudstones (Dott and Bird, 1379; McDougall, 1980). The Jewell
member is primarily composed of clay minerals and less common
silt-sized silicatevminerals. Microfossils compose about 2% of the
mudstones with benthic foraminifera being the most abundant. A few
calcareous nannofossils, rare planktic foraminifera; and rare marine
diatoms are also present. Jewell member mudstones have a moderately
high species diversity (8-20 species per sample). Kulm and
Scheidegger (1379), Dott and Bird ¢(1979), and McDougall (13980)
considered these characterisitics to be indicative of upper slope

deposition.
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Both glauconitic and arkosic sandstones are present in the
Jewell member. Gauconite is currently fbrming on the outer
continental shelf and upper slope of Oregon under slow or negative
sedimentation rates (Kulm @t al., 1375) McRae (1372) considered
glauconite to be "characteristic” of outer shelf depositional
environments. The arkosic sandstones have a grain size distribution
similar to outer shelf and upper slope sands (sees previous section).
The rare channel sandstone§ probably represent very small "saa
gullies" crossing the outer shelf and upper slope. Dottt and Bird
(1979) reported larger shelf-slope channel sandstones from the middle
Eocene strata of southwestern Oregon. They suggested a model where
an array of “"sea gullies" served to transport sand from a deltaic
complex across the shelf ;nd slope to feed deep sea fans. The rare
channel sandstones in the Jewell member may have had a similar
origin but at a smaller scale. It is.also possible that the Jewell
member channels were sourced from relict outer shelf sands that moved
downslope as sedimeni gravity flows. Downslope the sands may have
overflowed the channels resulting in the thin overbank sandstone beds
observed at localities 137 and 145. Rapid deposition and compaction
of Jewell member muds resulted in overpressuring the water-saturated
channel sands and subseguent injection of clastic dikes into muds.
Clastic dikes are more common than sandstone channels, suggesting
that most channels were destroyed by overpressuring.

In conclusion, the Jewell member was deposited in an "upper”
slope (upper bathyal) setting. Rare small channelized arkosic sand
sediment gravity flows interrupted the normal hemipelagic

sedimentation. Explosive andesitic to silicic Volcanism in the
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Cascade arc resulted in deposition of thin tuff beds. The tuff beds
may have been emplaced by sediment gravity flows as well as by
settling of fine ash through the water column. Nelson (1985)
reported a few shallow marine foraminifera in the deep marine
mudstones of the Jewell member, indicating that deposition by
silty turbidity flows occurred occasionally.

There is some suggestion of a deepening upward trend in the
Jewell member indicating that basin subsidence was greater than the
sedimentation rate. Foraminifera at the base of the unit indicate an
"upper® bathyal environment whereas foraminifera from near the top of
the unit indicate a "middle to lower" bathyal environment (appendix
2). In addition glauconite, which occurs at the base of the unit, is
most common in modern ou£ér shelf, slightly reducing depositional
settings. The presaeance of fine laminations and lack of extensive
bioturbation in the lower part of the unit are also suggestive of a
slightly reducing depositional environment. Benthic foraminifera
show that the environment was not strongly reducing. The type Keasey
Formation, located some 15 km east of the thesis area, was deposited
in an environment similar to but slightly shallower (outer shelf to

upper slope) than the Jewell member (McDougall, 1975).



SMUGGLER COVE FORMATION

Nomenclature and Distribution

Niem and Niem (in press) have recently proposed that the name
Smuggler Cove formation replace the informal name QOswald West
mudstone. This was done so that terminology would be in accordance
with the Code of Stratigraphic Nomenclature and would meet the
guidelines of the Geologic Names Committee of the U.S. Geological
Survey. The name Smuggler Cove will ba used in this report.

The Oswald West mudstone was proposed by Cressy (1374) and Niem
and Van Atta (1973) for a.sequence of bathyal, Oligocene to lower
Miocene, thick bedded, tuffaceous silfy mudstone and minor sandstone
exposed at Short Sands Beach in Oswald West State Park. The
definition of the unit was subseguently expanded to include
lithologically similar, upper Eocene (Refugian to Narizian?)
mudstones below the type section strata in adjacent areas (Smith,
1975; Neel, 1976; Tolson, 18765: Penoyer, 1977; M. Nelson, 18978;

. Peterson, 1984; D; Nelson, 1985). Murphy (1381) considered the

base of the Oswald West mudstone to be the top of the Pittsburg Bluff
Formation in northeastern Clatsop County. Petarson (1384), however,
found that this definition was inadequate as the Pittsburg Bluff
Formation sandstones pinch-out into mudstones west of the area mapped
by Murphy (1981) (fig. 8). Peterson (1984) included mudstones that
are laterally zorrelative to the Pittsburg Bluff Formation, as well
as older mudstones correlative to the Keasey Formation, in the Oswald

West mudstone.



266

Smith (1375) and Neel (1978) divided the Oswald West mudstone
into three informal "parts" which, because of subtle lithologic
ifferences between the pa;ts; they were not able to map. The
"upper part” of Smith (1875) and Neel (1978) is Zemorrian in age
and is thought to be corrslative to the to the type section of the
Oswald West mudstone at Short Sands Beach. The “upper part" consists
of thick-bedded, moderately well-indurated, bioturbated, tuffaceous
siltstone, mudstone, and minor sandstone. The "middle part®
(uppermost Refugian) is composed of thick-bedded to massive,
moderately-indurated, bioturbated tuffaceous siltstone and
glauconitic sandstone. The “lower part® consists of
poorly-indurated, bioturbatad, tuffaceous éiltstone and mudstone.
Peterson (1984) was able %o recognize the above units to the
northeast of the area mapped by Smith (1975) and Neel (1978) (see
fig. 1.

In the present study area, the Smuggler Cove Fdrmation (Oswald
West mudstone of previous workers) has bsen divided into and mapped
as four informal units: the lower member of the Smuggler Cove
formation; the glauconitic sandstone member: the upper member of the
Smuggler Cove formation; and the “ball park unit® (plate 1, figs. 4
and §). These subdivisions are similar to the subdivisions of
Peterson (1984), Neel (19768), and Smith (1975) except that lower
Refugian mudstones have been 16cluded in the Jewell member of the
Keasey Formation rather than the Smuggler Cove formation and that the
ball park unit, which is thought to be correlative to the lower
Silver Point member of the Astoria Formation of Peterson (1984)v

(Northrup Creek formation of Niem and Niem, in press), has been
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included in the upper part of the Smuggler Cove fdrmation. The lower
Refugian mudstones form a lithologically distinct unit, which can be
traced from the type arsa of the Keasey Formation, in Columbia
County, to the thesis area and, therafore, in this writer's opinion
these mudstones should not be included in the Smuggler Cove
formation. Niem and Niem (in press) have suggested that the ball
park unit (Tscm) be included in the Smuggler Cove formation.

The Smuggler Cove forﬁation (Oswald West mudstone) has
traditionally bean a difficult unit to define. To the east, in
Columbia County, several lithologically distinct units are present in
the in the upper Eocene to lower Miocene stratigraphic section (e.qg.,
Keasey, Pittsburg Bluff, and Scappoose formations of Warren and
&orbisrath, 1948) but the;e units pinch-out into fhick, deeper
marine, lithologically similar mudstones to the west making it
impractical to to retain the nomenclature of Columbia County
(fig. B). It is felt that use of the term Smuggler Cove formation
for the thick section of of uppermost Eocene to lower Miocene
mudstones and siltstones in Clatsop County is the best solution to
the stratigraphic problem. The subdivision of the Smuggler Cove
formation into informal units serves to help correlate the
.stratigraphy in Clatsop County to the stratigraphy in Columbia County
and to better interpret depositional environments.

The distribution of the Smuggler Cove formation is restricted to
the northern and western parts of the thesis area (fig. 4 and plate
I). The best exposures of the lower member of the Smuggler Cove
formation occur at localities 124, 142, 329, and 768 (plate I). The

glauconitic sandstone member is best exposed at localities 8a, 40a,



46, 83, and 99 (locality 99 is along Hamlet Road at the westefn
boundary of the thesis area) and the upper member of the Smuggler
Cove formation is exceptionally well exposed at localities 584 and
£84a. The ball park unit is well exposed at locality 330 along an
unnamed logging road in the southwestern part of the thesis

arsza. The Smuggler Cove formation typically forms low relief,
hummocky topography with the glauconitic sandstone member locally
forming small ridges. The formation is approximately 800 meters
thick in the thesis area. The thickness is difficult to estimate
because of moderately poor exposures and the unconformity at thp top
of the unit with the overlying Astoria Formation. Tolson (1978)
reported a maximum thickness of 1,500 m for the unit in the Standard
Hoagland #! exploration wéll, and Peterson (1984) reported a
thickness of at least 1,683 m from the Diamond Shamrock 30-1
exploration well. Tolson (1978) and Peterson (1884}, however,
included some strata that have been assigned to the Keasay Formation
in this report and did not include strata correlative to the ball
hark unit. Over 10@ km2 of Smuggler Cove formation have been mapped
in the surface and subsurface of Clatsop County (Niem and Niesm, in
press),

The lower three members (lower, glauconitic sandstone, and
upper) in the Smuggler Cove formation will be discussed separately
from from the ball park unit which, in the thesis area, overlies the
other members. The proper formational assignment of the ball park
unit is uncertain and in =zome respects the ball park unit is

lithologically distinct from the lower three units.



Locwer Member, Glauconitic Sandstone Member, and Upper Mamber
Lithology

The lower member of the Smuggler Cove formation inm the thesis
area consi§t5 of massive, bicturbated, pocrly indurated, tuffaceous
gilty mudsteone and some waterlaid tuff beds. The mudstones are
medium gray (N 4) when fresh and weather to grayish orange (10YR
7/4)., Qutcrops of this unit are generally poor, small, and are
characterized by abundant chippy (1 cm) mudstone talus (fig. 7B),

The glauconitic sandstone member consists of a basal sequence
(approx. 5 m thick) of very well-laminated, slightly micaceous, silty
ﬁudstone which is best exéosed at localities 29, 48, and (17 in the
northern part of the thesis area (fig. 77). Overlying the basal
mudstone is a sequence'(approx. 25 m thick) of glauconitic sandstone
beds, glauconitic mudstone, thin tuff beds, and tuffaceous
siltstone, The glauconite in this unit is generally fine sand-sized
and rounded in contrast to the coarser grained, more angular
glauconite aggregates found dispersed in mudstones and %hin sandstone
beds at the base of the Jewell member. Smuggler Cove formation
glauconitic sandstone beds_in the thesis area are ralatively thin
t<2m), commonly bioturbated, some are calcite;cemented, and are
dusky yellow green (56Y 5/2) to light olive gray (5Y 5/2) in
outcrop. A few miles west of the thesis ar=a correlative glauconitic
sandstone beds in the Smuggler Cove formation are several meters
thick and have been mapped over a large area (Smith, 1375; Neel,

1876, Niem and Niem, in press). Directly overlying a glauconitic



Fig. 7B.

Typical exposures of the lower and middle parts of the
Smuggler Cove formation. A) is a mudstone and tuff bed
exposure from the lower Smuggler Cove formation (locality
99b, SW 1/4 NW 1/4 sec. 36, TSN, R8W). B) shows typical
chippy mudstone talus below a glauconite bed at locality 99
(SW 1/4 Nw 1/4 sec. 36, TSN, R8W).
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Fig. 77. Typical exposure of thinly-laminated, shaly siltstone and
mudstone at the base of the glauconitic sandstone unit
(locality 48, SE 1/4 NE 1/4 sec. 20, TSN, R8W).



sandstone bed at locality 99 along Hamlzt Road is a seguence of 8
thin (20 cm), buff colored tuff beds. The tuff beds are
approximately 1/2 meter apart with massive tuffaceous mudstone
occurring between the tuff heds. Above the mudstones and tuff beds
is a seguence of bioturbated glauconitic mudstones which range from 5
to 20 m in thickness. The top of the glauconitic sandstone member is
defined as the last occurrence of glauconitic mudstone.

The base of the upper member of the Smuggler Cove formation
consists of fossiliferous, tuffaceous, bioturbated, concretionary
siltstones and silty mudstones. Large benthic foraminifera (e.0.,
Cvclamina) are very abundant and can bhe seen easily in hand
samples. BiQalves, gastropods, and scaphopods are fairly common
throughout the straté witﬁ the inalve Delectonecten being especially
common (appendix 1). Larg; ;ieces {3~4 cm) of carbonized wood and
fern fronds are present locally in the northern part of the thesis
area (g.g., localities 13, 22, and 41) (fig. 78). Spherical to
ellipsoidal calcareous concretions (15 cm to 2 m) are locally
abundant (fig. 739). Some concretions contain a significant amount of
reddish iron-oxide and others may contain molluscan fossils at the
nucleus. Mudrocks in these upper Smuggler Cove formation strata
consist of bioturbated, medium gray (N 4) to grayish orange (1QYR
7/4) siltstone to silty mudstone. They tend to be slightly
coarser-grained than mudrocks at other stratigraphic horizons in the
Smuggler Cove formation.

The middle and upper parts of the upper memher consist of
moderately well-indurated, resistanf, thick-bedded, bioturbated,

tuffaceous silty mudstone and rare arkosic to lithic sandstone beds
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Fig. 78. Carbonaceous debris in lower part of the upper Smuggler
Cove formation.



Fig. 79.

Large calcareous concretion in the lower part of the Upper
Smuggler Cove formation (locality 151).



(fig. 80). The mudstone is medium dark gray (N 4) when fresh and
weathers to grayish orange (1@QYR 7/4)., Helmenthoida fecal traces are
fairly abundant. Mudstones are very well-indurated near thick
intrusions of Columbia River Bagalt. This baking may extand some 75
meters above and below the intrusions. Adjacent to the intrusions
the mudstones develop a porphyroblastic texture due to contact
metamorphism. Rare 1/2 meter thick lithic sandstone beds (locality
451) and rare arkosic sandstone dikes (locality 58@) occur within the
mudstones. The thick-bedding, good induration, and abundance of
Helmenthoida trace fossils serve to distinguish the upper part of the

upper member from other mudstone units in the thesis area.
Contact Relations

The lower Smuggler Cove formation is conformable upon the
underlying lower Refugian Jewell member of the Keasey Formation as is
evidenced by the gradational contact between the units and by the
similar ages, depositional environments, and structural attitudes of
the units. The contact between these units is not exposed in the
thesis area.

Previous workers (a.,q. Cressy, 1374; Neel, 1376; Peterson,

1984) have noted that the Astoria Formation is unconformable upon the
Smuggler Cove formation. The abrupt change in lithologies and
depositional environments (bathyal to fluvial), differing structural
attitudes, a sharp contact between the units, and the fact that
Astoria Formation overlie; Smuggler Cove formation mudstones of

differing ages demonstrates that the contact is an angular



Fig. 80. Exposure of well-indurated, thick-bedded mudstones of the
upper Smuggler Cove formation. Waterfall is approximately
12 meters high (locality S84, NW 1/4 NW 1/4 sec. 32, T4aN,
RSW).



unconformity (Cressy, 1974; Murphy, 1381; Peterson, 13884).

The Astoria Formation crops out in only a small part of the
thesis area where the basal contact is not exposed, however, the
contact is assumed to be unconformable. The contact occurs in a
covered zone in the southwestern cormer of the thesis area where
mudstones of the Smuggler Cove formation are overlain by cross-bedded-
sandstones of the Angora Peak member of the Astoria Formation. The
ball park unit'-interﬁingens with and may locally channel into the
upper Smuggler Cove formation (N;enAanq‘Nien, in press).

The glauconitic sandstone unit within fhe.Smuggler Cove
formation may represent a brief hiatus in sedimentation
(i,e., diastem) hut probably not a significant unconformity.
Glauconite is often deposited during slow or negative sedimentation

(Kulm gt al., 1978},
Age

The lower three membars of the Smuggler Cove formation within
the thesis area range from upper Refugian (upper Eocene) to Zemorrian
(Oligocene) in age. Foraminifera, calcareous nannofossils, and
mollusks were collected from ten localities (appendix 15.‘ Four of
these localities contain age-diagnostic fossils (appendix 2). A
sample (R-83-141) was collected from the area mapped by Smith (1875)
just to the west of the thesis area (fig. 1l). This sample is from 8
m above the glauconitic sandstone member and contains a very diverse
foraminiferal fauna which Rau (pers. comm., 1883) assigned to the

Refugian stage (appendix 2). Foraminifera collected from directly
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above the glauconitic sandstone unit at locality l1E were assigned to
the late Eocene-early Oligocene (McDougall, pers. comm., 1983).
Molluskan fossils from the basal part of the upper member of the
Smuggler Cove formation were considered to be “probably Matlockian”
(locality 98) and “possibly Galvinian® (locality 22) in age (Moore,
pers. comm., 18983). The Galvinian stage is correlative to the
Refugian foraminiferal stage and the Matlockian stage is correlative
to the Zemorrian foraminifaeral stage (fig. 5).

Two microfossil samplas were collected from the lower member in
the CZ 11-28 exploration well adjacent to the thesis area (plate
III). These samples contain an upper Refugian fqrgminiferal fauna
that is distinet from the lower Refugian faqng of the underlying
Keasey formatian (McDougall, pers. comm., 1333). Calcareous
nannofossils from these samples were assigned to subzone CP 1Sb
(Bukry, pers. caomm., 1383) which is correlative to part of the
Refugian foraminiferal stage (figure 5).__

No age-diagnostic fossils were collected from the upper part of
the upper member in the thesis area. UWhere the unit is exposed, it
has been extensively baked by intrusions of Columbia River Basalt,
making it difficult to obtain microfossil assemblages. Adjacent to
the thesis area at the Nehalem Fish Hatchery lithologically similar,
and presumably chronologically correlative, mudstones have been dated
as lemorrian (Cressy, 1874). Or. Alan Niem (Oregon State Univ.) and
this author collected Zemorrian foraminifera from the upper part of
the upper memher 1/2 km west of the thasis area {Rau, pers. comm. to
Niem, 1985). Cressy (1374) collected early Miocene (lower Sauces:ian)

fossils from the uppermost part of the type section, but it is likely



that this part of the section is not present in the thesis area.

In summary, the lower thrae members of the Smuggler Cove
formation in the thesis area are "upper” Refugian to Zemorrian (upper
Eocene to Oligocene) in age. The Refugian-Zemorrian boundary occurs
within the upper member approximately 40 meters above the glauconitic

sandstone member.
Correlation

Previous workers have described vertical lithologic changes
within the lower three membars of the Smuggler Cove Formation in
different areas (g,g, Oswald West Mudstones) Cressy, 13974; Smith,
1875; Neel, 18976; Penoyer, 1977; M. Nelson, 1978: Murphy, 1881).
Peterson (13984) constructad a fence diagram and correlated the
subunits recognizaed by previous workers throughout western Clatsop
County. The correlations were basad Qn.biostratigraphy and lithology
with a glauconitic sandstone~siltstone unit being the primary
lithologic correlation tool. Peterson (1384) concluded that the
glauconitic sandstone in the middle portion of the Smuggler Cove
formation reported by Smith (1375), Neel.(1975), Tolson (1876),
Coryell (1978), M. Nelson (1978), and Peterson (1984) was probably
Refugian in age. Data from the prssent study shows that the
glauconitic sandstone is definitely “upper” Refugian in age (agppendix
2).

The glauconitic sandstone member in the thesis area can ke

directly traced several miles to the west intc the thesis map areas

of Smith (1975) and Neel (1376). Locality 99 in the thesis area and



locality R-83-140 in the map area of Smith (1975) contain an
identical stratigraphic sequence of glauconite, mudstone, and tuff
beds. The foraminiferal fauna from both localities is similar
(appendix 1). Therefore, the two localities are probably precisely
correlative.

As part of this study the Refugién glauconitic sandstone member
has been correlated to the base of the Pittsburg Bluff Formation
of eastern Clatsop County. Within the thesis area the glauconitic
sandstone member can be traced and mapped into the base of the David
Douglas tongue of the Pittsburg Bluff Formation (plate I). Olbinski
(1983) and Goalen (in prep.) have described thick glauconitic
sandstone beds at the base of the Pittsburg Bluff Formation in
esastern Clatéop County. Thesae basal beds are Rsfugian in age and
are, almost certainly, correlative to the glauconitic sandstone
member of the Smuggler Cove formation.

Beneath the glauconitic sandstone r;lember is the Refugian lower
member. This unit is correlative to the upper mudstone membar of the
Keasey Formation of Nelson (1985) and the Sager Creek (Vesper Church)
formation of Niem and Niem (in press). This correlation is based on
the presence of similar microfaunas, similar ages, similar
lithologies, and stratigraphic position.

Uppermost Refugian to lower Zemorrian siltstones of the basal
part of the upper member overlie the glauconitic sandstone member.
These silty mudstones and siltstones have some lithologic
characteristics similar to the Pittsburg Sluff formation in that they
are fossiliferous, tuffaceous, concretionary, and contain scattered

carbonized wood debris. The finer grain size and the presence of a
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deeper marine fauna suggests that these mudrocks are are a deeper
marine (upper slope to outer shelf) facies equivalent of the
nearshore to shelf sandstones of the Pittsburg Bluff Formafion.

The type section of the Smuggler Cove formation at Short
Sands Beach in QOswald West Statg Park is Zamorrian to early Saucesian
in age and correlates to the upper part of the upper member in the
thesis area. Cressy (1374) considered the type section to be a
deep-marine correlative of the Scappoose Formation in Columbia
County., Warren and Norbisrath (1948) proposed the term Scappoose
Formation for a sequence of shallow marine sandstone and siltstone
mainly in Columbia County that they consideraed to be Oligocene
to early Miocene in age. VUan Atta and Kelty (19885) and Kelty (18817,
however, recently concluded that the Scappoose Formation was entirely
middle Miocene in age based on the very lécal occurrence of
channelized basaltic conélomerateﬁ céntaiﬁing ﬁiddle Miocene Columbia
River Basalt Broup clasts in th; unit. .MQOFe (1978) colleéted
abundant middle Qligocene mollusks, typical of tﬁe “"Pittsburg Bluff
fauna”, from within and above strata that Van Atta and Kelty (188S)
considered to be middle Miocene in age and part of the Scappoose
Formation (g,g, Moore, 1978 localitiss M~3858 and 1S5816). Therefore,
it is felt that much of the Scappoose Formation cs mapped and
described by Warren and Norbisrath (1948) and Van Atta and Kelty
(1885) is Oligocene to early Miocene in age and correlative to the to
the upper portion of the Smuggler Cove formation. Middle Miocene
rocks, as indicated by the presence of Columbia River Basalt Group
clasts, probably comprise a small p;rt of the Scappoose Formation and

should be renamed a seperate younger fluvial unit associated with the
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Columbia River basalt flows.

Figure 6 summarizes the correlation of Smuggler Cove formation
in the thesis area to the formations in eastern Clatsop County and
Columbia County. This figure shows that the Smuggler Cove formation
consists of deep-marine facies eguivalents of the Keasey, Sager
Creek, and Scappoose formations (as defined by Warren and Norbisrath,

1946).
Petrology

Four sandstone and siltstone samples from the lower thrae
members of the Smuggler Cove formation were thin-sectionag and
analyzed with a petrographic microscope (appendix 3). Grain size
analysis and heavy mineral analysis were performed on sample 451 from
the southwestern part of the thesis area (appendices 10 and 11).
Smear slides of mudstones from a number.of localities were also
examined.

Sandstones in the lower three members of the Smuggler Cove
formation have highly variable lithologies. For example, sample 758,
from the glauconitic sandstone member is a fine-grained
calcite-cemented glauconitic sandstone. The sandstone is composed of
of 47% glauconite,‘ZSZ clay-silt matrix, 9% sparry calcite cement,
S5.5% albite twinned plagioclase (An 38-55), 4% andesitic rock
fragments, and minor amounts of monocrystalline quartz, mica, and
hornblende (fig. 81). The glauconite clasts have a rounded fractured
shape indicating a fecal origin (McRae, 1372). Plagioclase clasts

are angular to subangular and the volczanic rock fragments are



Fig. 81.

Thin-section of glauconitic sandstone in the glauconitic
sandstone member (sample 758). Note the albite twinned
plagioclase, rounded green glauconite pellets and the
basaltic rock fragments cemented by highly birefringent
calcite.
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subangular to subrounded. This sample appears to ba lithologically
similar to other glauconitic sandstones in the thesis area except
that it is cemented by calcite rather than clay. Neal (1376) and
Smith (1975) reported similar compositions for the glauconitic
sandstone unit to the west of the thesis area.

In comparison, sample 451, from a thin (5 cm) fine~-grained
sandstone bed in the upper member in the southwestern part of the
thesis area, consists of E0% andesitic rock fragments, 17% clay
matrix, 84 plagioclase, and minor amounts of monocrystalline quartz,
glauconité, and siltstone ripup clasts. This sandstone claésifies as
a lithic uackerusihbnthe classificat;on scheme of Williams a2t al.
(1954) (fig. 72). Haavy minerals;éPOM'this sample includg in
decreasing abundance: opaque miﬁeréls, epidote, auhedral zircon,
hornblende, biotite, andmgarnet (appendix 1@). The abundant zircon
and epidote in this volcaﬁic clast—richlsandstone may be the result
of selective po!t-déﬁositionallalterati;n of unstable heavy minerals
such as pyroxenevéﬁd Hér;glen&e;‘ fhe mineralogy of this sample
indicates a mixing of volcanic, matamorphic, and plutonic
provenances. Grain size analysis shows the sandstone to be very
fine-grained, moderately sorted, and positively skewed (appendix 1l1).

Furthermore, sample S8@, from a 12 cm thick clastic dike in the
upper member in the southwast part of the thesis area, is
fine-grained and composed of 339% monocrystalline quartz, 18% clay
matrix, 7% plagioclase and lesser amounts of microcline, metamorphic
rock fragments, andesitic rock fragments, chert, biotite, and
muscovite (fig. 82). Framework grains are subangular to subrounded.

The sandstone classifies as a feldspathic wacke using the



Fig. 82.

Photomicrograph (crossed nicols) of fina-grained sandstone
in the upper Smuggler Cove formation (sample S80). note
chert, mica and quartz.



286
classification scheme of Williams et al. (1954). Much of the matrix
does, however, appear to be authogenic in origin.

Smear slides show that the mudrocks are primarily mudstone with
true siltstones being subordinate in abundance. Silt clasts include
guartz, plagioclase, orthoclase and abundant volcanic glass shards.
Foraminifera are locally abundant, comprising up to 2% of the rock
and calcareous nannofossils were observed in several samples. Sand
laminae consisting of andesitic rock fragments with a felted texture
are locally present in tha siltstones of the upper member (g2.g,, thin
section sample 872). Clay size det;itus was not X-rayed for clay
mineralogy but Mike Nelson (1978), Coryell (1978), and Peterson
(1984 ) reported that smectite and mixed layered smectite clays are
the most abundant &léy minerals in the Smuggler Covs formation.

The Qbundant tuffaceous detritus and rare volcanic sandstones in
the mudroc§§vof-the lowar three members of the Smuggler Cove
formation indicate'dérivétion~fron prim;rilyfan,andeaitic to
rhyoliticvsource, most probably the Cascade arc. The presence of
rare micaceous arkosic sandstones indicates a minor acid
plutonic-metamorphic source. An ancestral Columbia River system,
similar to that mentioned for Jewell member sandstones, is a likely

source of the scattered sand-sized arkosic detritus.
Depositional Environment
The lower three members of the Smuggler Cove formation were

deposited in a forearc basin, middle slope to outermost shelf

environment. Deposition of hemipelagic muds predominated with
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turbidity current flows being infrequent. Tuffaceous slope and outer
shelf muds may have been derived from the muddy plume of a major
river to the east and from ash falls settling through the water
column, bLithologies and faunas suggest that a maximum shallowing
occurred during deposition of the glauconitic sandstone member in the
middle part of the formation. The glauconitic sandstone member and
the strata directly above it were probably deposited in an outermost
shelf to upper slope environment. The glauconite consists of fecal
pellets which were formed by mud-ingesting organisms during reducad
or negative sedimentation under slightly reducing conditions (McRae,
1372). McRae (1372) and Kulm gt al. (1375) have noted that pelletal
glauconite presently oaccurs on tﬁer;ufer slope or upper shelf. The
accurrence of sand size plagioclase and baialfic‘ rock fragments in
the glauconitic sandstone sugéest son§4currént winnowing of the muds
and concentration of thewglau‘cchiti;c‘.u

Foraminifera collectad 556§§ and belo; the glauconitic sandstone
member indicate middle to upp;r bathyél deﬁosition (McOougall,
pers. comm., 1983) (appendix é), whereas the sample collected from
directly above the glauconitic sandstone (R-83-141), contains
foraminifera indicative of upper bathyal deposition (Rau,
pers. comm., 13983). Mollusks from directly above the glauconitic
sandstone along Hamlet Road (locality 13), indicate middle shelf
deposition (Moore, pers. comm., 13983). The disarticulated mollusks,
however, are slightly abraded and may have been transported from the
middle shelf #o the outer shelf during storm avants. The presance of
abundant Helmgnzhg;dg trace fossils and scattered Delectopecten

bivalves throughout the Smuggler Cove formation support a middle



bathyal to outer shelf depositional environment for the unit (Moore
pers. comm,, 1983).

The Pittsburg Bluff Formation at the type locality in Columbia
County was deposited in an inner neritic (inner shelf) setting
(Moore, 1976) and represents a marked shallowing from the underlying
type Keasey Formation. The glauconitic sandstone member and the
upper member of the Smuggler Cove formation strata directly above it
are correlative to the basal Pittsburg Bluff Formation and represant
the same regional shallowing trend. The thesis area is located
basinward of the Pitisburg Bluff Formation and, therefore, the
shallowiﬁg trend is represented by a change from middle slope to
outermost shelf deposition.

Rare sandstone beds and glastic dikes occur in the upper
member. The sandstone ped§ aré thin, have sharp basal and
gradational upper contacts, apd coﬁtéiniintraformational gsiltstone
rip=up clasts. These beds ggré probéﬁl; deposited by sediment
gravity Flows‘in an upper to miﬁdle slope environment.

Rapid deposition of water saturated muds and silts by normal
hemipelagic processes and silty turbidites followed by rapid
compaction resulted in overpressuring of the sand beds and upward

injection of sands as clasti¢ dikes into surrounding mudstones.
Ball park unit
Nomenclature and Distribution

Niem and Niem (in press) have mapped an informal 100 to 202 fast
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thick unit (Tsem), which they did not name, in the upper part of thé
Smuggler Cove Formation. Niem (pers. comm., 1985) has suggested that
this unit be informally named the "ball park" unit. This name was
suggested because the unit is best exposed at the Woodland County
park baseball diamond one kilomater west of the town of Nehalem
(SE1/4 NW1/4 sec. 28 T3N, RIQW). This location will serve as an
informal type section of the unit. The type section strata can be
mapped into the thesis area (Niem and Niem, in press}).

The ball park unit is lithologically similar to the Northrup
Creek formation (lower Silver Point member of the Astoria Formation
of Psterson, 1384) and occupies a similar stratigraphic position.
Niem and Niem (in press). however, have shown that the Northrup Creek
formation cannot be contimuously traced ;nto the southwestern corner
of Clatsop County (ihéiudingnthe thesis area). fn addition, Niem and
Niem (in preés) have sﬁdua that Smuggler Cove Forﬁation mudstones
locally overlie the ball ﬁark:unithhéé;aglthe Astoria Formation
overlies the ﬁorthrup Creek formation. Therefore, Niem and Niem, in
press, have included the ball park unit (Tsem) in the Smuggler Cove
Formation. The same has been done in this report. Cressy (1374)
included the unit mapped as Tscm (ball park unit) by Niem and Niem
{(in press) in the Oswald West mudstone.

The ball park unit crops out in only a small part of the thesis
area at the top of three hills and near the North Fork of the Nehalem
River (plate I). The best exposures of the unit in the thesis area
occur southeast of Necanicum Junction (locality 68) and in the
southwestern corner of the thesis area along an unnamed logging rocad

(localities 827 and 33@). Most exposures are small and commonly are
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baked by middle Miocene Columbia River Basalt Group intrusions. The

ball park unit is approximately 70 meters thick in the thesis area,
Lithology

In the thesis area the unit consists of well bedded to
laminated, carbonaceous and micaceous, dark gray (N 3) to greenish
gray silty mudstone and subordinate thin fine-to medium—-grained
arkosic sandstone. The mudstones are characterized by abundant
carbonized leaf imprints (fig. 83) and mdscovite on parting surfaces.

Extensive baking of the mudstone by Columbia River Basalt
intrusions results in a porphyroblastic texture in some of the
contact metamorphosed mudstones. At locality €8, a thin (2 cm)
“coaly" bed is present; ;Sandstone beds are 10«4@ cm thick and have
sharp basal and gradatioﬁal.ﬁpper cantécts axcept at locality 311
where thin beds to laninée a% sanéstoﬁe.arerresent. Thin, eveﬁ
bedded sandstones are structureless to‘ﬁlane iaminated, may contain
abundant carbonized plant debris, and are variable in color
(fig. 83). The abundance of sandstone in the unit increases from
north to south in the thesis area. No sandstone beds were found in
the northern part of tha thesis ‘area, but sandstone comprises

approximataly S% of the unit in the southern part.
Age and Correlation

Because the ball park unit is exposed in only a very small gart

of the thesis area, where baking by middle Miocene intrusive rocks
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Fig. 83. Hand sample of sandstone bed in the ball park unit of the
Smuggler Cove fm. Note the distinct laminations. Darker
colored laminae contain abundant plant debris (from
locality 92B, SW 1/4 NW 1/4 sec. 34, T4N, RIW).



has made microfossil recovery difficult, the age of the unit 15
poorly constrained in the thesis area. Zemorrian foraminifera have
been collected from the upper member of the Smuggler Cove formation
beneath the ball park unit and lower Miccene sandstones of the
Astoria Formation anonformably overlie the unit in the thesis
area. To the west of the thesis arasa Zemorrian to possibly early
Saucesian mudstoﬁes assigned to the Smuggler Cove formation and
Oswald West mudstone locally overlie the ball park unit (Cressy,
1873; Séith, 1575; Niem and Niem (in press). Therefore, the age of
the unit is confin;& to the Oligocenes or lower Miocene. Regionally
Niem and Niem (in pfess) consider the ball park unit (Tsem) to be of
Oligocene? br early Miocene age.

Accurate cbrrelafign of the ball park unit to other units in
northuwest Oreﬁbn is di?ficult because ofbage, stratigraphic, and
5tructurai'anertaiﬁiié;. ‘fhe ball park unit in the thesis area can
be lithologically and st;atigraphically.correlated to the lower
Silver Point meﬁber of the Astoria Formation as mapped by Peterson
(1984) and Nelson (1985)., These strata have been remapped as
Oligocene to lower Miocene Northrup Creek formation by Niem and Niem
(in prep).

The ball park unit is probably correlative to the Scappoose
Formation of Columbia County as defined by Warren and Norbisrath
(1946). Regionally, the unit is probably correlative to part of
the Oligocene Yaquina Formation or the lower Miocena Nye Mudstone of

the central Oregon coast.



rJ
w
(&)

Contact Relations

Peterson (1884) and Nelson (1985) considered the lower Silver
Point member (Northrup Creek formation of Niem and Niem, in prep.),
which is probably in part correlative to the ball park unit in
southwestern Clatsop County, to be disconformable upon the Osuwald
West mudstone (Smuggler Cove formation). The apparant age éisparity
between the units, the fact that the lower Silver Point member
appears to oygrlie qn;ts of different ages, and the presence of
conglomerafic chanpels near the Qswald West mudstone~lower Silver
Point member (Northrup Creesk fcnmgtion) contact were cited as
evidence for the unconformity by Petarson (1984). Within the thesis
area the ball park un;t overlies Zemorrian upper member of the
Smuggler Cove formatiqn %n the south whereas in the north it overlies
possible Refug;an upper mamber of the Smuggler Cove formation. It is
likely that the apparent unconformity a; the base of the Ball pa?k
unit is a result of submarine channeling and that there was not a
significant time gap or water depth change between deposition of the
underlying members of the bath?al Smuggler Cove formation and
deposition of the bathyal ball park unit. The change from
hemipelagic slope deposition of the upper Smuggler Cove formation to
the sandy turbidite deposition of the ball park unit supports this
conclusion,

With the -exception of a small outcrop of Angora Peak member of
the Astoria Formation north of Alderdale (Plate 1), the ball park
unit is the youngest sedimentary rock unit in the thesis area,

therefore the upper contact is not available for study. North of



Alderdale, the Angora Peak membher of the Astoria Formation overlies
the ball park unit but the contact between the units is not exposed.
West of the thesis area, Niem and Niem (in press) have mapped the
upper member of the Smuggler Cove formation above the ball park

unit. This suggests that the upper member is conformable upon the
ball park unit and that the Angora Peak member of the Astoria
Formation is unconformable upon the upper member and locally upon the
ball park unit. More regional biostratigraphic and stratigraphic
work needs to be done before hefore the nature of the ball park unit

and its contacts are clearly understood.
Petrology

Four ball park unit sandstone samples and one baked mudstone
sample were thin-sectioned and analyzed petrographically (appendix
3). Grain size analysisAand heavy mine;al analysis were performed on
four sandstone samples (appendices 1@, ll1). Scanmning electron
microscopy was used to examine porphyrobhlasts in baked mudstone
(sample 329). Porosity‘measurements of a ball park unit sandstone
(sample 928) were made by AMOCO Laboratories, and the organic content
of a carbonaceous sandstone (sample 325) was estimated using a
hydrogen peroxide tresatment.

The sandstone samples are arkosic wacke, feldspathic wacke, and
arkosic arenite using the classification scheme of Williams et al.
(1954) and Folk (1976) (fig. 72). Concretionary sample 31l has an
early calcite cement and classifies as an arkosic arenita., The

calcite cement prevented alteration of unstable rock fragments and
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faldspar to clay. The other sandstone samples lack significant early
calcite cement and probably contain abundant diagenetic clay in the
matrix. Therefore, at the time of deposition these sandstones may
have been arenites.

The sandstones consist primarily of monocrystalline quart:z
(25-30%), polycrystalline quartz (3-8%), orthoclase (5-18%),
plagioclase (An 15-4@)(4-8%), volcanic rock fragments (4-6%),
siltstone clasts (1-3%), and carbonaceous debris (9-3%). In
addition, there are minor amounts of microcline, chert, biotite,
myremekite, pyrite, granitic rock fragments, perthite, and heavy
minerals (fig. 84)., Quartz consists of roughly equal amounts of
strained and unstrained varities. Volcanic rock fragments are
primarily andesitic in éoncasition and metamorphic rock fragments
include phylli%ﬁ, SChist,‘and gneissic? clasts. Micas, opaque
minerals, garnet, and zircon are the most abundant heavy minerals but
hornblende, lamprobolite, hypersthene, ;pidote, tourmaline,
staurolite, monazite, rutile, sphene, and apatite are also present
(appendix 11).

Matrix comprises from 5 to 35% of the sandstone samples
analyzed. 'Except in the sandstone with early calcite cement (sample
311), much of the matrix appears to be authigenic. Unstable rock
fragments and feldspars are generally partially altered to clay; in
some samples alteration is sufficiently extansive to form
pseudomatrix. Thin section estimates of porosity in sandstones range
from 2-7% but a porosity determination by AMOCO laboratories of shouws
an effective porosity of 16.4% (sahple 925). This discrepancy is

'probably due to the very small size of the pore spaces and pors



Fig.

84

Photomicrograph (crossed nicols) of medium-grained
sandstone in the ball park unit of the Smuggler Cove fm.
Note quartzite and muscovite flakes as well as the abundant
yelowish-green birefringent clay-silt matrix (locality 930,
SE 1/4 NE 1/4 sec. 33, T4N, RSW),
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throats between grain boundaries. Pore space5 appear to be limited
to very small areas between clay plates.

The carbonaceous sandstone {(sample 925) was treated with
hydrogen peroxide and contained approximately 7% organic debris.
This sample appears to contain more carbonized plant debris than any
other sandstones in the ball park unit.

A baked ball park mudstone (sample 929) from approximately 4 m
above a Grande Ronde basalt sill consists of 7% very fine sand- to
silt- sized quartz, 1% plagioclase, 1% orthoclase, 1% muscovite, and
90% undifferentiated clay and silt size fragments. This sample is
distinctly laminated and contains abundant porphyroblasts which in
thin section appeér to be composed of clay (fig. 85). Scanning
;lectron microscopy confi;ms that the porphyroblastsyére composed of
clay and energy dispersive X-ray analysis guggests that the clay is
either smectite or chlorite. A sequence of thick Grande Ronde basalt
intrusions produced the coﬁtact metamorphism in this sample (Plate
1),

Framework grains in the ball park sandstones are subrounded to
subangular, Well rounded quartz clasts are present but are very
rare. Sieve analysis shows that the sandstones are very fine- to
medium-grained (median 3.64 ‘to 1.55 &) and moderately to poorly
sorted (std. dev., 0.50 to 1.59) (appendix 11).

Sandstones in the ball park unit were derived from acid igneous,
metamorphic, intermediate volcanic, and minor sedimentary rock
sources. Granitic rock fragments, microcline, orthoclase,
myremekite, perthite, and euhedrél zircon clasts suggest an acid

igneous source terrain, such as the Mesozoic Klamath terrain of



Fig. 85. A) Photomicrograph (plane polarized light) showing
porphyroblastic texture of contact metamorphosed siltstone
in the ball park unit of the Smuggler Cove fm. (sampla
929, SE 1/4 NE 1/4 sec. 33, T4N, R9W).
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southern Oregon, the ldaho batholitH area, and the North Cascades
of northeast Washington and British Columbia, The western Cascade
arc is a likely source of the andesitic rock fragments, hypersthene,
and green hornblende (g.g. Little Butte Volcanics). Rare
well-rounded quartz clasts were were probably recycled from a
sandstone source and siltstone clasts are more than likely
intraformational.

Dickinson and Suczek (1879) -devised a classification scheme of
detrital framework modes that can be used as an aid in dééernining
the plate tactonic se”tti‘ﬂg’: of the proVeHﬁnca. Thev‘ball paEk unit
sandstones plot within the recycled p::ro"gian ;snd" -contfi;aental block
provenances of Dickifson and Sﬁciek (19?9) i?ig;.43). R;cycled
c;r-ogeﬁ provenances inclide deformed and 'ﬁ;‘:lift“ed. sedimeﬁﬁry
sequences in subduction zones, aloﬁg ¢ollision érogens. aﬁwhithin
foreland fold-thrust belts, Céntihéntal block provenances include
continental platforms, shields, and plutonic basement rocks.

Uplifted Mesozoic basement blocks occur in the Idaho and Wallowa
batholiths and foreland fold-thrust sequences occur in the Blue
Mountains of Oregon (Mullen, 1978; -Best, 1982). Therefore, the plate
tectonic setting of the source area indicated by the plots of
Dickinson and Suczek (1879) is consistent with the provenance areas
identified by detailed petrography. The plots of Dickinson and
Suczek (1973) however, can he misleading because the final
depositional site of the ball park unit sandstones is a forearc
basin, not a racycled orogen or continental block provenance.

Sandstones in the ball park unit were derived primahily from

granitic and metamorphic source areas whersas sandstones in the
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older Pittsburg Bluff Formation were derived primarily from from
an intermediate volcanic source (ji.e,, Cascade arc). The paucity of
andesitic detritus in ball park unit sandstones could be explained by
the presence of an ancestral Columbia River crossing the Cascade arc
and depositing arkosic sands seaward of a "deltaic complex", The
paucity of andesitic detritus could also be explained by a reduction

of volcanism in the arc during deposition of the ball park unit.

Depositional Environment

Because of limited exposure area and extensive baking,
relatively little can be deduced about the dapositional environmment
of the ball park unit in ;he thesis area. No megafossils, trace
fossils, or microfossils were found in the unit. The preasance
of well-laminated sandstones, rich in plant debris, with sharp
basgl and gradational upper contacts, however, suggests deposition by
turbidity currents seaward of a “deltaic complex*. Well-preserved
plant debris and pyrite indicate a reducing environment. Reducing
environments are common on the continental shelf and slope
(McDougall, 198@). The lack of bioturbation in the laminated,
carbonaceous mudstones of the ball park unit suggest either a high
sedimentation rate or a low oxygen environment.

Peterson (1984) interpreted the lower Silver Point memher,
which Niem and Niem (in press) recently renamed the Northrup Creek
formation to have been deposited on the outer shelf to upper slope.
The ball park unit is thought to be correlative to the Northrup Creek

formation. The above environment is indicated by sedimentary
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structures and by the paleoecology of the molluscan fauna and trace
fossils. Sandstone beds were probably deposited on the slope by
storm-generated turbidity currents. Deposition of alternating,
graded to laminated sands and laminated muds has been attributed to
storm induced turbidity currents (Hamblein and Walker, 1879).

Dott and Bird (1873) have interprs=ted the siltstones of the
middle Eocene Elkton Formation as a transgressive slope facies
betwueen the deltaic Coaledo Formation and mid-fan turbidites of the
Tyee Formation in southwestern Oragon. The Elkton Formation consists
of dark gray laminated siltstone and mudstone with scattered thin
beds (10-15 cm) of laminated fine-grained sandstons. Mudstone
intraclasts occur sporadically within the sandstones. Locally,
coarser-grained micaceous sandstones are present. The ball park unit
in the thesis area is lithologically similar to much of the Elkton
Formation. This suggests that ths Elkion Formation and the ball park
unit may have been deposited in similar upper bathyal environments.
Large channels are present in the Elkton Formation, but exposures of
the ball park unit in the thesis area are too limited to reveal the
presence of large nested turbidite channel sequences. The fact that
the ball park unit appears to rest on mudstone strata of differing
ages however, could be explained by channeling. The Northrup Creek
formation, which is thought to be a lateral correlative of the hall
park unit, does contain thin, erosional, nested turbidite channel
deposits (Niem, pers. comm,, 1885)

The Scappoose Formation, as described by Warren and Norbisrath
(194€) in the East Fork of the Nehalam River area, is Oligocene

to early Miocene in age and is, in part, deltaic to shallow
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marine. The ball park unit and the Northrup Creek formation may
represent an outer shelf to upper slope channel fill seguence related
to the "Scappoose delta“. In tHis model erosive turbidites,
generated by slumping or storm activity near the "del£a front” would
move downslope across a narrow shelf producing a channel-fill
sequence near the shelf-slope break. Such a model would explain the
abundance of terrestrial carbonaceous plant debris, as well as octher

features, in the ball park unit.
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PITTSBURG BLUFF FORMATION
Nomenclature and Distribution

The "Pittsburg Bluff sandstone" was first described by Schenck
(1927). Weaver (1337) later proposed the term Pittsburg Bluff
Formation for all middle QOligocena rocks in Columbia County, Oregon.
Warren et al. (1945) and Warren and Norbisrath (1346) mapped the
areal extent of the Pittsburg Bluff Formation in Columbia County and
eastern Clatsop Coqnty. Olbinski (1883) and Nelson (1985) extended
the Pittshurg Bluff Formation iﬁjo.cantrcl Clatgop County.

The term David Douglas tongug of the Pitt;burg Bluff Formation
is used informally in thi; reéort for,a thin (@5 m) saguence of very
fine~grained tuffaceous =andstones which crops out in the extreme
northeast corner of the thesis area at David Douglas State Park. The
Pittsburg Bluff Formation in the thesis area is restricted to the
David Douglas tongue. Siltstones, mudstones, and interbedded
glauconitic sandstones that are age egquivalent to the David Douglas
tongue have been mapped as Smuggler Cove formation thereby
restricting the Pittsburg Bluff Formation to a predominantly
tuffaceous lithic to arkosic sandstone unit.

Peterson (1984) mapped the Klaskanine tongue of the Pittsburg
Bluff Formation to the north of the thesis area. This unit is
probably correlative to the David Douglas tongue. Both tongues
represent a maximum westward extension of the sandy Pittsburg Bluff
Formation. The tongues are distinguished from the Pittsburg Bluff

Formation to the east by a dominance of very fine-grained tuffaceous
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sandstone and by the thin nature of the units.

The only exposures of the David Douglas tongue in the thesis
area occur in road cuts along U.S. highway 26 at David douélas State
Park (e.a.,, localities 323a, 323b, 1200, 1201) and along logging
roads adjacent to the highway (2.g., locality 320). The unit is
approximately 1S5 meters thick in this area and pinches out rapidly
(within 2 km,) into mudstones and siltstones of the Smuggler Cove
formation to the south and west. Pittsburg Bluff Formation
sandstones rapidly thicken and beacome coarser—grained and very
fossiliferous to the east of the thesis area (Olbinski, 1883; Nelson,
13885 Moore, 1986). The David Douglas tongue forms a small bluff

where it crops out in the thesis area.
Lithology

The David Douglas tongue consists of light gray (N 7),
thick-bedded, moderately well-indurated, concretionary, bioturbated,
very fine-grained tuffaceous sandstone and minor siltstone
(fig., 83)., The unit is characterized by ellipsoidal, | meter
diameter calcaresous concretions. Weathered pelecypods, gastropods,
scaphopods, and large benthic foraminifera are common (appendix 1).
The sandstones are very tuffaceous, contain minor amounts of
glauconite and calcite cement., These massive very fine-grained
sandstiones are extensively bioturbated and, therefore, smaller
sedimentary structures (e,g. cross-bedding’) are not preserved. A few

narrow 2 cm long clay-filled burrows are present.



Fig. 86.

Typical exposure of Pittshurg Bluff Formation fine-grained
sandstone (locality 323, SE 1/4 NW 1/4 sec. 21, TSN, R8W).
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Contact Relations

Mapping relationships indicate that the David Douglas tongue
interfingers with the Smuggler Cove formation and that the two units
ars conformable. Peterson (1884) noted a similar relationship to the
north of the thesis area. The conformable and gradational nature of
the contacts is evidenced by the similar depositional environments,
ages, and structural attitudes of the units. At the type area,
however, the shallow marine Pittsburg Bluff Formation disconformably
overlies upper bathyal mudstories of the Kesasey Formation (Warren and
Norbisrath; 1946: Kadri, 1982). In northeast Clatsop County the
éittsburg Bluff-formation.disconformably overliss the Sager Creek
formation (Olbinski, 1983: Niem and Niem, 'in press). Murphy (1981)
and Kadri (1882) have demonsirated that to the north and east of the
thesis area the Pittsburg Bluff Formation is unconformably overlain

by the Astoria Formation and the Columbia River Basalt Group.
Age and Correlation

Foraminifera collected near the base of the David Douglas
tongue (locality 323) show that the unit is Refugian (upper Eocene to
possibly lower Oligocene) in age (McDougall pers. comm., 1983)
(appendices | and 2). The fauna from this locality has some
similarities to the Refugian Keasey Formation fauna (McDougall,
pers. comm., 1983). The similarity in faunas probably can be

attributed to similar depositional environments of the units.



Foraminifera collectecd from slsewere in the Pittsburg Bluff
Formation indicate a Refugian to possible lower Zemmorian (upper
Eocene to lower Oligocene) age (Peterson, 1984; Olbinski, 1383: Bruer
et al., 1984; Nelson, 198%5). Moore (1978), however, studied the
molluscan fauna from the type Pittsburg Bluff Formation and concluded
that the formation was of middle Oligocene age.

The slight discrepancy in ages indicated by foraminifera
and mollusks probably can be attributed to the difficulty in
correlating provincial foraminiferal and molluscan stages to global
chronostratigraphic units, Prothero and Armentrout (1985) have
recently suggested that the upper Refugian stage be extended into the
Oligocene. Such an egtension would aliminate the discrepencies.

The Dav;d Douglas toggge is correlative to the basal part of the
Bittsburg Bluff Formation in eastafn Ciatsop County. The presence of
glauconite, the Refugian age, and regional mapping support this
correlation. To the west the glaﬁconitic sandstone membeﬁ of the
Smuggler Cove formation correlates to the base of the David Douglas
tongue. These thick glauconitic sandstones have been noted by
Olbinski (1983) and by Boalen (in prep.) to the northeast at the base
of the Pittsburg Bluff Formation. Reconaissance work suggests that
tuffaceous sandstone mapped as Oswald West mudstone by Penoyer (1377)
north of the thesis area should be included in the David Douglas
tongue.

Regionally the Pittsburg Bluff Formation is correlative to the
lower part of the Lincoln Creek Formation in southwest Washington and
to the Tunnel Point Sandstone, the upper part of the Eugene

Formation, and the lower part of the Alsea Formation in western



Oregon (Moore, 1978).
Petrology

Two samples from the David Douglas tongue along U.S. highway 2§
were thin sectioned and examined with a petrographic microsccpe
(samples 323a, 323b) (appendix 9).. Heavy mineral analysis and grain
size analysis were performed on samples 323b and §58¢c (appendices 1@,
115,

Thin-sectioned samples are lithic wackes using the
classification scheme of Williams at al, (1954) (fig. 72). Peterson
(1984) reported that sandstones from the Klaskanine tongue are
arkosic wackes using the same CLassificatipn scheme. This
discrepancy can be explained by the\abundaﬁt diagenetic clay matrix
reported by Peterson (1384). This matrix pr;bably formed from
diagenetic breakdown of unstable lithic fragments (g.g. volcanic
glass shards). The sandstones in the thesis area are relatively
fresh and the lithic fragments have been preserved.

Samples 323a and 323b are lithologically similar except that
323a contains abundant (22%) calcite cement whereas sample 323b has
only 2% calcite cement. The calcite cement was precipitated soon
after burial as evidenced by well-preserved unstable rock fragments
and glass shards (fig. 84). Framework components of the two samples
are in decreasing abundance: volcanic glass shards;: quartz;
glauconite; plagioclase (An 32-55); andesitic to basaltic rock
fragments; biotite; muscovite; and hornblende (appendix 3). Sample

323a contains 27% clay-silt matrix. Fragmented diatoms are common in



Fig. 87.

Photomicrograph of calcite-cemented, very fine-grained
Pittsburg Bluff Formation sandstone. Note the presence of
abundant glass shards (sample 323a).



the matrix. Early calcite cament in this sample indicates that
the matrix is detrital rather than authigenic in origin. Much of the
matrix was probably introduced into the sandstonas by axtensive
bioturbation.

Heavy minerals from the 3 &6 and 4 ¢ size fraction of samples
323b and 658c were examined (appendix 10). Green hornblende, micas,
and opague minerals are the most common heavy minerals with minor
amounts of lamprobolite, hypersthene, augite,;garnet, tourmaline,
apatite, euhedral zircon, epidota, kyani?a, staurolite, monazits,
rutile, and sphene. Abundant‘hbrﬁblen?e and mica combined with rare
zircon and epidote serve to distiﬁguish the heavy mineral suite of
the David Douglas tongue from’thé heavy mineral suites of other units
in the thesis area.

The David Douglas tongue was primarily derived from an explosive
andesitic to rhyolitic source area as avidenced by abundant
sickle-shaped glass shards, andesitic rock fragments, green
hornblende, and hypersthene. The westearn Cascade arc of western
Oregon and Washington is more than likely the source of the volcanic
detritus. A minor metamorphic source is indicated by phyllitic and
schistose rock fragments as well as kyanite. A minor granitic source
area is indicated by the presence of esuhedral zircon. None of tha
detritus can be positively assigned to a recycled sedimentary rock

source (i.e, all abrasionally resistant detritus is angular). The

sandstones are texiurally and compositionally immature indicating
rapid erosion of mountainous source areas and rapid deposition before
significant winnowing by currents (Folk, 1880}). The North Cascades

of Washington, the Idaho batholith area, and the Klamath terrain are



likely sources of the metamorphic and granitic detritus.
Depositional Environment

The David Douglas tongue was deposited in an outer shelf to
upper slope environment and is a deeper marine facies equivalent
of the type Pittsburg Bluff Formation of Columbia County. Foramini-
fera collected from near the base of the David Dougless tongue
indicate bathyal deposition (McDougall pers. comm., (1883) (appendix
2). Glauconite and the very-fine grain size of the sandstone also
suggests deposition on the outer shelf or upper slope (McRae, 1872;
Kulm et al., 13975), Peterson (18984) also demonstrated that the
Kleskanine tongue was deposited in an outer shelf to upper slope
environment, The type Pittsburg Bluff Formation has been
interpreted to have been deposited in middle shelf to deltaic
environments (Moore, 13878),.

The Pittsburg Bluff depositional setting has been compared
to the modern Oregon continental shelf by Peterson (1384) and
Nelson (1985)., Kulm et al. (197S) describe four facies on the
present Oregon shelf: 1) an inner to middle shelf sand facies;
2) a middle to outer shelf mixad sand and mud facies; 3) an
outershelf mud facies; and 4) an outer shelf glauconitic sand
facies, The type Pittsburg Bluff Formation corresponds to the inner
shelf sand facies, parts of the Pittsburg Bluff and Smuggler Cove
formations correspond to the outer shelf mud facies, the David
Dougless and Klatskanine tongues corresﬁond to the outer shelf mixed

facies, and the glauconitic sandstone of the basal Pittsburg Bluff
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Formation in eastern Clatsop County and the glauconitic sandstone
unit of the Smuggler Cove formation correspond to the outer shelf
glauconitic sand facies.

The Pittsburg Bluff Formation in Clatsop County appears to first
shallow upward then deepen upward. Glauconitic sandstone at the base
of the formation 1ﬁ eastern Clatsop County (Goalen, in prep.) and a
bathyal fauna at the base of the David Dougless tongue suggest that
the shelf-slope break was located sast of the thesis area during
initial deposition of the unit. The inner to middle shelf molluscan
fossils above the glauconitic sandstone.in eastern Clatsop County
(Olbinski, 1883; Nelson, 1985) and correlative outer shalf sandstone
and glauconite in the thesis area indicate that the shelf slope break
was subsequently located within or to the west of the thesis aresa,
Bathyal foraminifera faunas have been collected from upper Smuggler
Cove formation siltstones above the David Douglas tongue and
correlative units to the west indicating a gradual deepening
depositional environment in the upper part of the Pittsburg Bluff

Formation.
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ASTORIA FORMATION

Introduction

The Astoria Formation crops out over a very limited part of the
study area where it is exposed at three small localities (plate
1). Therefore, the Astoria Formation will be discussed briefly
in this report. The reader is raferred to Cooper (1381) for a

thorough discussion of 'the Astoria Formation.

Nomenclature and Distribution

The Astoria Formatioﬁ was first studied by T.A. Conrad in
. 1848, The type area Astoria Formation was divided into Oligocene
and Miocene units by W.H. Dall in 1904 (Moore, 1963). Arnold and
Hannibal (1913) extended the "Astoria series” to include strata
exposed near Tillamook and Newport along the central Oregon coast.
Howe (1926) described and redefined the type area at Astoria dividing
the formation into three informal members: 1) a lower sandstone
member: 2) a middle “shale" member; and 3) an upper sandstone
member. Unfortunately the type area was subsequently covearad and
destroyed (Cooper, 1981).

Since 13926 the Astoria Formation has been mapped primarily
on a biostratigraphic basis, which has caused confusion concerning
the lithostratigraphy of the formation. Recent workers in the
Astoria Formation (e.g., Cressy, 13974; Smith, 187S; M. Nelson, 1978;

Cooper, 1981; Peterson, 1984) have attempted to define the formation



on a lithostratigraphic basis and have divided it into severalr
informal mappable members. In Clatsop County, the formation has been
divided into four informal members: 1) the fluvial to shallow-marine
Angora Peak member; 2) the shallow-marine Big Creek sandstone member;
3) the deep-marine Silver Point member; and 4) the deep-marine
Pipeline member. The names Silver Point, Big Creek, and Pipeline are
pre—-empted according to the U.S5. Geological Survey Geologic Names
Committee, therefore Niem and Niem (in press) have recently renamed
part of the Silver Point member the Cannon Beach member of the
Astoria Formation. The Pipeline member has been renamed the Youngs
Bay member and the Big Creek sandstone has been renamed the Wickiup
Mountain member (Niem and Niem, in press), The name Angora Peag
Aember of the Astoria For%ation had already been raserved for this
unit by the Geologic Names Committee of the U.S5. Geological Survey
and, therefore, was not changed by Niem and Niem (in press).

The Angora Peak memher is the only member of the Astoria
Formation in the thesis area. C(Cressy (1974) first proposed usage
of the term Angora Peak member for a 1800 feet thick sequence of
lower? to middle Miocene sandstone and conglomerate exposed near
Angora Peak. The type section of the Angora Peak member is located
several kilometers west of the thesis area and has been described in
detail by Cressy (1374} and Cooper (13981). The unit pinches—o;t into
the Cannon Beach member 10 kilometers north of the type section
(Smith, 1975).

The Angora Peak member crops out in the southwestern corner of
the thesis'area (plate I) in three small exposures. The unit

forms a low hill and is more erosionally resistant than surrounding
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Smuggler Cove Formation mudstones. Approximately 80 meters of Angora
Feak member are present in the study area. The top of the unit
is not exposed exposad due to erosion. West of the thesis area the

unit is approximately 25Q meters thick (Cressy, 1374; Cooper, 1981).

Lithology

In the thesis area, the Angora Peak member consists of fine-
to very fine-grained, moderately sorted, massive to cross-bedded,
arkosic sandstone (localities 592, 662) (fig. 88) and subordinate
mogderately to poorly sorted polymict pebble conglomerates (locality
583). Neither Megafossils nor trace foséils were observed. The
sandstones are pale yellowish orange (1QYR 8/8) to light brown (SYR
S/8) due to iron oxide staining. Pebbles in the conglomerate are
rounded and consist of volcanic (basaltic trhyolitic?), metamorphic,
and plutonic? rock fragments., The pebbles are set in an arkosic
sand-silt matrix. The éxposure of the conglomerate is very small
making it impossible to see large-scale sedimentary structures. To
the west of the thesis area, the Angora Peak member consists of fine-
to coarse-grained arkosic sandstone with subordinate micaceous and
carbonacesous siltstone, coal, and conglomerates (Cressy, 1874). Large
channels, conglomerate lenses, scour and fill structures, and
large-scale trough cross-bedding are associated with the
coarser-grained sandstone. Fine-grained feldspathic sandstones are
thinly laminated to cross-bedded, thick bedded, and may contain
shallow marine molluskan fossils. Thin subbituminous coal beds

have been observed at several localities in the Angora Peak member



(Cressy, 1874),

Contact Relations

Cressy (1974) stated that "the Angora Peak sandstone
unconformably overlies the Oswald West mudstone and is in turn
unconformably overlain by the “Depoe Bay Basalts" (Grande Ronde
Basalt of this study). The upper contact of the Astoria formation
does not occur in the thesis area due to erosion and the lower
contact is not exposed. Therefore, the contact relations are
best deduced from regional information. Snavely gt al. (1973) noted
that the Astoria Formation at Depoe Bay Oregon (approx. 8@ km south
of the thesis area) unconformably overlies the Nye Mudstone and is
unconformably overlain by Depoe Bay Basalt. Cressy (1374) and Cooper
(1981) demonstrated that an angular unconformity exists between the
Oswald West mudstone (renamed the Smuggler Cove formation by Niem and
Niem, in press) and the Angora Peak member based on: 1) the fact that
the Angora Peak member regionally overlies strata of different ages:;
2) the sharp contact between the units; and 3) the distinctly

different depositional environments of the units.

Age and Correlation

No age-diagnostic fossils were found in the Angora Peak member
in the thesis area. However, the Angora Peak member unconformably
overlies the Oligocene to lower Miocene Smuggler Cove formation and

is intruded by middle Miocene Columbia River Basalts theraby
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providing age constraints. Moliuskan fossils collected by Cressy
(1374) and Cooper (1981) from the Angora Peak member adjacent to the
thesis area have been assigned to the Pillarian and Newportian (early
to middle Miocene) stages of Addicott (1978, 1981).

Based on megafossil ages, the Angora Peak member has been
correlated to the Astoria Formation in the type area, and to the
Astoria Formation in the Newport and Tillamook embayments (Cressy,
1874), Peterson (1384) considered the Big Creek member (Wickiup
Mountain member of Niem and Niem, in press) to be chronologically

correlative to the Angora Peak member.

Petrology

Two samples of fine-grained Angora Peak sandstone (589 and 662)
were thin- sectioned and analyzed with a petrographic microscope.
Heavy minerals from the 34 and 46 size fraction of these samples were
examined (appendix 10) and the grain sizé distribution of the entire
sample was determined (appendix 11).

The samples are arkosic wackes using the classification scheme
of Williams gt _al, (1954) (fig. 72). Framework grains are subrounded
to subangular and are composed of monocrystalline quartz (35%),
polycrystalline quartz (5%), plagioclase (An 15-45)(5-6%),
metamorphic  rock fragments (2-4%), and minor amounts of microcline,
chert, myrmekite, and heavy minerals (fig. 88). Heavy minerals
include in decreasing abundance opaque minerals, biotite, muscovite,
epidote, garnet, green hornblende, hypersthene, euhedral zircon,

clinozoisite, tourmaline, staurolite, and rutile.



Fig. 88.

Photomicrograph (crossed nicols) of fine-grained Angora
Peak member sandstone. Note the abundant angular
monocrystalline quartz, feldspar, and vellow-brown
iron-stained clay (sample 662). B is exposure of
cross-bedded sandstone where sample 662 was collected.
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Framework grains are set in a clay-silt matrix which comprisés
25% of the rock. Much of the matrix appears to be authigenic in
origin., Potassium feldspar has been partially altered to clay and
some metamorphic rock fragments have heen altered to pseudomatrix.
The percentage of authiganic versus detrital clay is unknown. Clay
iz the primary cement, but iron oxide cement is locally abundant.

The iron oxide: appears to be the result of teleogenetic (surficial)
oxidation of iron-bearing minarals such as hornblende: and biotite as
"fresh” samples lack the' iron oxide..

The sandstones are fine- to very fine=grainsd (median
3.32-2.45¢6), poorly to moderately sorted (std. dev. 1.06-0.0281), and
positively skewed (simple skewness 1.07-1.21) (appendix 11). If the
;lay matrix, much of whicH is authigenic, is not included in the

~grain size calculations, the samples have standard desviations ranging
from 0.46-0.51 and, therefore, classify as moderately to well sorted.

Angora Peak sandstones were derived from intermediate volcanic,
acid plutonic, and metamorphic sources. The absence of well-roundad
guartz and zircon clasts suggests that little of the detritus was
derived from a recycled sedimentary rock source. A few andesitic
rock fragments, grains of hypersthene, and green hornblende indicate
input from an andesitic source, most probably the western Cascade
arc. Clasts derived from a metamorphic terrain (g.g., metamorphic
rock fragments, clinozoisite, and epidote) and clasts derived from an
acid igneous terrain (e.g., euhedral zircon) may have been deposited
via an ancestral Columbia River system that drained much of the
northuestern United States. The Mesozoic ldaho batholith area, the

North Cascades of Washington, and the Blue Mountains of eastern



&3]
rJ
S

Oregon could have supplied the metamorphic and igneous detritus‘in
the Angora Peak member. Cressy (13974), Niem (1376) and Cocper (1981)
have previously suggestad an ancestral Columbia River source for the

Angora Peak member.
Depositional Environment

The Angora Pesak member exposed in thé thesis arsa was deposited
in both shallow marine and fluvial etvironments. The fine- to very
fine-grained sandstone at localities 589 and 882 are moderately
sorted and trough cross-bedded suggesting a hifh energy inner shelf
depositional environment. The trough croés-bedding suggests
&evelopment of sand waves on the shelf. Crassy (1374) collected
shallow-marine (middle shelf to intertidal) mollusks from
lithologically similar fine-grained Angora Peak sandstones adjacent
to the thesis area. He concluded that the unfossiliferous
fine-grained Angora Feak member sandstones were deposited as delta
front sheet sands in a wave—~dominated deltaic system.

The pebble conglomerate (locality 5393) in the thesis area is
interpreted to be fluvial in origin. The moderate to poor sorting
observed in the thesis area and large-scale planar-tabular cross-beds
and coal beds in the conglomerate adjacent to the thesis area
(Cressy, 1974) indicate fluvial to distributary channel deltaic
deposition.

Cressy (1974) and Cooper (1881) interpreted the Angora ﬁeak
member as a westward prograding, wave-dominated deltaic

unit. Approximately 70% of the member was deposited in a wave
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dominated shallow-marine snvironment, the remainder in a fluvial
environment (Cressy, 1874). Cooper (1881l) interpreted all the
members of the Astoria Formation as a complex of deltaic, prodeltaic,

. shallow-marine, and submarine canyon head deposits.
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COLUMBIA RIVER BASALT GROUP
Nomenclature and Distribution
Introduction

Middle Miocene basaltic intrusions in the thesis area have
previously been mapped as undifferentiated Tertiary intrusions
(Beaulieu, 13973). In a regional study Snavely et.al., (1973)
described and mapped correlative middle Miocene basaltic intrusions
and flows along the central to northern Oregonr coast and along the
southern Washington céast. They divided the middle Miocene basalts
into three petrologic typ;s: the Depoe Bay Basalt: the Cape
Foulweather Basalt: and the basalt of Pack Sack Lookout. They noted
that these coastal basalts were compositionally, petrologically, and
chronostratigraphically "identical" to the Grandes Ronde Basalt, the
Frenchman Springs Member, and the Pomona Member of the Columbia River
Basalt Group on the Columbia Plateau but considered the "coastal
basalt" to have been erupted locally. The presence of dikes and
sills was used to support a local origin for these basalts.

In 1879, however, Beeson et al., (1879) suggested that the
“coastal basalts" were intially erupted on the Columbia Plateau,
flowed down an ancesteral Columbia River into the marine environment
forming submarine basalt piles and “invasive" dikes and sills. If
the hypothesis of Beeson &t al. (1973) is correct then the Miocene
“coastal basalts” should be included in the Columbia River Basalt

Group rather than the nomenclatural framework of Snavely et al.



(1872, Data from this study and from previous studies (e.g.,
Murphy, 1981, Peterson, 1984; Nelson, 198S5) indicate that the
“invasive" hypothesis isvvalid and, therefore, the Columbia River
Basalt Group nomenclature is used for the “coastal basalts” in this
report. FPeterson (1984) was the first worker to use the Columbia
River Basalt Group nomenclature for the "coastal basalts". Figure 89
compares the terminology of Snavely et al. (1873) to the Columbia
River Basalt Group nomenclature used in this report. “Intrusive" is
used in this report as a descriptive term refering to the praesence of
a younger igneous body in older stirata and carries no genetic
meaning. The origin of the middle Miocene basalts in the thesis area
will be discussed in detail in a subsequent section.

Russell (1893) uwas tHe first to describe the Miocene basalts on
the Columbia Plateau of eastern Washington, northeastern Oregon, and
western Idaho. In 1901, he first used the term "Columbia River
basalt” for these Miocene basalts and other older basalts (Waters,
1861). Merriam (1901) restricted the term Columbia River basalt to
middle and upper Miocene basalts on the Columbia Plateau.

Until 1961 the Columhia River Basalts were considered to be a
thick pile of monotonous flood basalts. "Waters (1961) and Mackin
(1961), however, were able to differentiate regional stratigraphic
units through detailed geologic mapping and major oxide chemical
analysis. Waters (1981) divided the Columbia River Basalt into two
major units: the older Picture Gorge Basalt and the younger Yakima
Basalt.

Swanson gt al. (13973) recently revised the stfatigraphic

nomenclature of the Columbia River Basalt. They elevated the



STRATIGRAPHIC RELATIONS OF MIOCENE BASALT UNITS
IN THE OREGON AND WASHINGTON COAST RANGES

CoAasTAL BAsALT
PETROLOGIC TYPES CoLumBIA RiVER BAsALTS

Pack Sack Lookoutr - - - =« = = = = = - - - PoMONA

(CLIFTON SANDSTONE)

CAPE FOULWEATHER - - - - - = = = = - FRENCHMAN SPRINGS

(WHALE COVE SANDSTONE) (UNNAMED 400-ft THICK
SANDSTONE INTERBED)

Depoe BAY - - = = = = = - - - - - - GRANDE RoNDE
(&3]

Fig. 89. Comparison of coastal basalt nomenclature of Snavely et al. (1973) to N
Columbia River Basalt nomenclature used in this report..
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Columbia River Basalt to Group status and elevated the Yakiﬁa Basalt
to the subgroup level. The older FPicture Gorge Basalt and Imnaha
Basalt were retained at the formational level. The Yakima Basalt
subgroup consists of three formations which are, from oldest *o
youngest: Grande Ronde Basalt; Wanapum Basalt; and Saddle Mountains
Basalt. The Grande Ronde Basalt was divided into four
magnetostratigraphic units and the other two formations in the Yakima
Basalt Subgroup were divided into numerous flows and members

(fig. 90).

According to Baeson and Moran (1979) only the Grande Ronde
Basalt, the Frenchman Springs and Priest Rapids members of the
Wanapum Basalt, and the Pomona Member of the Saddle Mountains Basalt
éloued out of the Columbié Plateau and into western (Oregon and
western Washington., These units have been further divided into
different magnetostratigraphic and chemical subtypes which will be

discussed in the following péragraphs.
Grande Ronde Basalt

The Grande Ronde Basalt on the Columbia Plateau was divided into
a high MgO (>4.2% Mg0) geochemical unit and a low Mg0 geochemical
unit by Wright gt _al. (1973). In the Willamette Valley and in the
northern Oregon Coast Range high Mg0 flows overlie low MgQ flows
(Beeson and Moran, 1979; Murphy, 1981). Long gt al. (1980) used a
plot of Ti0Z versus Mg0 to define the Unitanum (high Ti02) subtype of
low Mg0 Grande Ronde Basalt in the Pasco Basin.of cantral

Washington. Murphy (1981) and Goalen (in prep.) show that the low
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the thesis area are marked with a heavy black vertical
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Grande Ronde Basalt are the only units present in western
Oregon and western Washington (modified from Beeson and
Moran, 1879).
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Mg0 6rande Ronde Basalt flows in northeastern Claisop County can a}so
be subdivided into into high Ti02 (>2.3% Ti02) and low TiO2
subunits. Using the three chemical subtypes discussed above and
magnetostratigraphy (N=normal polarity, R=reverse polarity) the
Grande Ronde Basalt of the northern Oregon Coast Range.has been
divided into four subunits which are from oldest to youngest: 1) RZ,
low MgO-high Ti02 (Tgrl); 2) R2 low MqO~lo& Ti02 (Tgr2);i 3 N2, low
MgO-low TiOZ (Tgr3): and 4) N2, high MgQ (Tgr4) (Murphy, 1881;
Peterson, 1984; Nelson, 1988). Except for Tgr2 all of the above
units occur in the thesis area., Tgr3 is the most common subunit of
Grande Ronde Basalt in the thesis area. Since these units are
intrusive in the thesis area and cannot be physically traced into a
single type section they are refered to as petrologic types in this

regort.

Frenchman Springs Member of the Wanapum Basalt

The term Frenchman Springs member was informally proposed by
Mackin (1961) for a thick sequence of glomeroporphyritic to
porphyritic basalt flows within the Wanapum Basalt of eastern
Washington. Beeson et al. (1985) have divided the Frenchman Springs
Member into 6 major informal units which include at least 21
different flows. The basalt of Ginkgo and the basalt of Sand Hollow
are the only Frenchman Springs units thought to have reached the
Pacific Coast. These units consist of up to 1l flows (Beeson at
al., 1985).

Peterson (1384) tentatively identified the Ginkgo petrologic
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type of Mackin (1961; equals basalt of Ginkgo of Beason et al, lSéS)
and the Kelly Hollow petroleogic type of Bently (1377; equals basalt
of Sand Hollow of Beeson gt al., 1985) in intrusive rocks of
northuest Oregon. Murphy (1881) and Goalen (in prep.) recognized a
subaerial Ginkgo flow and at least two aphyric Frenchman Springs
Member flows (basalt of Sand Hollow of Beeson et al., 1985). The
Frenchman Springs member in the thesis area consists of a single dike
that has been tentatively assigned to the basalt of Ginkgo petrologic

type based on major oxide chemistry.
Pomona Member of the Saddle Mountains Basalt.

The Pomona Member was named by Schmincke (1967) for a seguence
of glomercporphyritic basalts that crop out on the Columbia Plateau.
Kienle (1971) and Schmincke (1367) traced the Pomona Member from
where it was erupted in western Idaho as far west as Kelso in western
Washington. Wells (1981) mapped an extensive area of subaerial
Pomona Member basalts in the vicinity of Cathlamet, southwest
Washington and Murphy (1981) mapped a small area of Pomona Membar in
northeastern Clatsop County,

Pomona Member petrologic type intrusives are present in
southwest Washington (basalt of Pack Sack Lockout of Smavely et al.,
1872) and have recently been found in Clatsop County (Rarey =t al.,
1384). 1In the thesis area Fomona Member petrclogic type intrusions
have been subdivided into microporphyritic (Tpm) and gabbroic (Tog)
subunits. The gabbroic subunit has a‘slightly different major oxide

chemistry than Pomona Member flows but this is thought to be a2 rssult
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of differentiation and deuteric alteration during slow cooling.
Therefore, these intrusions have been included in the Pomona Member

petrologic type.

Distribution

Regional

The Columbia River Basalt group contains approximately 2 x 1@S
km3 of basaltic rock (Swanson and Wright, 1978) erupted from fissures
in northeastern Oregon, southeastern Washington, and western Idaho
(Taubeneck, 137@). The Grande Ronde Basalt, the Frenchman Springs
and»Friest Rapids members of the Wanapum Basalt, and the Pomona
Member of the Saddle Mountains Basalt are some of the most extensive
units in the Columbia River Basalt Group. Subaerial flows from these
units, because of their tremendous volume and becausé of local basin
configurations, were able to flow out of the Columbia Plateau, down
an ancestral Columbia River Gorge, and into western Oragon and
southwestern Washington. Other units of the Columbia River Basalt
Group are confined to the Columbia Plateau region (Beeson and Moran,
1873), Figure 9% shows the inferrad original distribution of the
Columbia River Basalt Group as a whole and the infzrred original
distribution of the Grande Ronde Basalt, the Franchman Springs

Member, and the Pomona Member.
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Clatsop County

Subaerial flows of Grande Ronde Basalt, Frenchman Sgrings
Member, and Pomona Member crop out in the northeast corner of
Clatsop County (Murphy, 198l: Goalen, in prep.) and thick piles of
submarine Grande Ronde Basalt and submarine Frenchman Springs Member
crop out in western Clatsop County (e.g., Cressy, 1374; Smith, 197S;
Neel, 1978; Penoyer, 1877; Coryell, 13978: Niem and Niem, in press).
Numerous intrusions of Grande Ronde Basalt petrologic type occur
throughout western and central Clatsop County (e.g., Niem and Niem,
in press). Frenchman Springs Member intrusive rocks are less
abundant and appear to be restricted to the western parts of the
county. Pomona Member petrologic type intrusions are apparently
restricted to the southwestern corner of Clatsop County and the
northuest corner of Tillamook County. Most Pomona Member petrologic
type intrusions occur within the thesis area but reconnaissance work
shows that they are present directly south of the thesis area and in
the area studied by Smith (197S).

Only a few workers in Clatsop County have used axtensive
chemical analyses and magnetostratigraphy to divide the Grande
Ronde Basalt into subunits (e.g., Murphy, 1981; Peterson, 1984;
Nelson, 1885, this study) and, therafore, the distribution of
the subunits is only partially understood. Or. Alan R. Niem {Oregon
State University ) is currently undertaking a program to subdivide
the remainder of Columbia River Basalt Group flcws and intrusions in
Clatsop County. Nelson (1985) mapped several very long,

nertheast-trending low MgO-high Ti02 dikes that project towards the
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thesis arsa but terminate before resaching the thesis ars=a.
Thesis Area

A number of Grande Ronde Basalt patrclogic type dikes and sills
occur throughout the northern and western parts of the thesis area
(plate 1, fig. 4). The unit is very ueli exposed at a number of
quarries and along several logging roads. The basalts are much more
resistant to erosion than surrounding mudstones and, therefore,
commonly form large hills and ridges. Seismic data and well data
(CZ 11-28 well, Plate 3) show that one thick (200 ft.) low MgO-low
Ti02 (Tgr3) sill and two underlying, smaller high MgQ (Tgr4) sills
are present in the subsurface at depths greater than 1,500 feet
throughout the northern part of the thesis area (plate III).F The
numerous Grande Ronde Basalt dikes in the northern part of the thesis
area range from | to 15 m (avg. S m) in thickness and appear to
"sprout up" from these thick subsurface 31115. Middle Miocene dikes
throughout the thasis area generally trend northeast (Plate I).

In the southwestern part of the thesis area, a sequence of thick
normally polarized low MgO-low TiQ2 (Tgr3) sills and a thick
underlying high Mg0 sill (Tgr4) intrude the upper Smuggler Cove
formation and the ball park unit (plate 1). A few thin dikes are
orasent above and below these sills.

The Frenchman Springs Member Petrologic type is restricted
tc a relatively thick (1@ m) dike in the northwest corner of the
thesis area (along Munce Road, NWl/4 sac. 3@, T4N, R8BW) (plate

1). The Pomona Member petrologic tfype, with the exception of one
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sill, is restricted to the southern part of the thesis area where it
intrudes the Hamlet and Smuggler Cove formations. An isolated Pomona
Mempber "sill" intrudes the Smuggler Cove formation in the
north-central part of the thesis area (SW1/4 sec, 28, TEN, RBUW).

The abundanca of Columbia River Basalt Group intrusions and the
lack of subaerial flows in the thesis area suggests that subaerial
flows entered the marine environment several kilometers to the
east of the thesis area and have subseguently been uplifted and
eroded away. In all of Clatsop County, Pomona member intrusions have
baen recognized only in or very close to the southwestern part of the
thesis area suggesting that a Pomona Member flow lobe was at one time
present to the east of the thesis area. The nearest known Pomona
Member subaerial flow outcrop is located in northeastarn Clatsop
County along the Columbia River some 5@ km. northeast of the thesis
area (Murphy, 1981). Kadri (1982) suggested that all Columbia River
Basalt Group flows were confined to a structural low near the praesent
Columbia River. This suggestion is not consistant with the presence
of isolated Pomona member petrologic type intrusions in the thesis
area and the occurrence of thick Columbia River Basalt Group flows
in the Willamette Valley directly east of the thesis arsa across the
modern day uplifted Coast Range structural high whers only older
volcanic rocks are exposed (Wells et al., 13983). Prior to
emplacament of the basalts the’thesis area was the sita of the
ancesteral Columbia River as is evidenced by the presence of lower
to middle Miocene Angora Pszak member. Therefore, it is probable that
some subaerial Columbia River Basalt Group flows entered the marine

envircnment directly cast of the thesis area (i.s., in the vicinity
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of areas mapped by Safley, in prep. and Mumford, in prep., fig. 1).
Other "invasive" dikes and sills were probably sourced from large
Columbia River Basalt Group submarine basalt piies (e.g. at Saddle

and Humbug mountains).

Lithology

Introduction

Although much of the Columbia Rivar Basalt Group stratigraphy is
based on chemistry and magnetostratigraphy, major units in neorthuwest
Oregon can initially be differentiated on a lithologic basis.
Phenocryst contant and size are the main criteria used in
differentiating intrusive units. Grande Ronde Basalt is aphyric to
very sparsely porphyritic, the Frenchman Springs member contains
sparse (1/2-3%) large (up to 1 cm) plagioclase phenocrysts, and the
Fomona member contains abundant small (1 mm) plagioclase
microphenocrysts and a few larger (! cm) glomerophenocrysts (Murphy,
1981; Paterson, 18984), Physical features of subaerial flows have
been used to define units in the Columbia River Basalt Group, but

these fesatures cannot be used when examining intrusive rocks.

Grande Ronde Basalt

Grande Ronde Basalt in the thesis area is finely crystalline
(aphyric to very sparsely porphyritic) and dark gray (N 2) to black
(N 1). The subunits cf the Grande Ronde basalt are lithologically

very similar. Previous workers (e.g., Peterscn, 1984; Nelson, 1985}
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have noted that high Mg0 intrusions tend to be more coarsely
crystalline than low M@0 intrusions of the same thickness. This
relationship appears to be true in the thesis area, but differences
are very minor and it is not always possible to deliniate the subunit
based on crystallinity. Petarson (1884) noted that the R2 low
MgO-high Ti0Z2 petrologic subunit basalts contain a higher percentage
of opague minerals in the groundmass, which can be seen with a hand
lens, than the other low Mg0 subunits. This very subtle difference
was not observed in the thesis area.

Grande Ronde Basalt intrusions are.typically slightly irregular,
commonly pinching and swelling and changing orientation. Intrusions
in the older units (l.8., lower Smuggler Cove formation and Keasey
Formation) are usually tabular (fig. 92) whereas intrusions higher up -
in the section tend to be highly irregular and commonly consist of
pod-like apophyses (fig. 83). The irregularity of the intrusions in
the younger units is probably the result of intrusion into semi-
consolidated, water-saturated, marine "mudstone®. These “rocks"
would tend to deform ductily rather than brittly preventing
emplacement along linear fractures.

Cooling margins are thin ({12 cm) on all Grande Ronde Basalt
intrusions in the thesis area. Margins may ccnsist of dark glass but
in many exposures the glass has been altersd to clay. Mudstones
adjacent to intrusions are typically baked and bleached light gray (M
7) to white (N 9), Pornhyroblastic contact metamorphic textures are
common in "mudstones' adjacent to large intrusions in the upper part
of the stratigraphic secticn (fig. 87). The baked zone ranges frcm

1@ cm near very small intrusions to over 20 meters adjacent to very
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Fig. 92. Quarry exposing thick low MgQ, low Ti02 Grande Ronde Basalt

(Tgr3) sill. Note the planar upper contact with the
Smuggler Cove formation and the small normal birfricating
fault offsetting the units (locality 242).



Fig. 83. Irregular intrusion of low MgO, low Ti02 Grande Ronde
Basalt in mudstones of the upper Smuggler Cove formation.
“Morman Joe" Lipka for scale (locality 4@, SW 1/4 NE 1/4

sec. 19, TSN, R8W).
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thick sills (2.g, CZ 11-28 well, fig. 80, plate 3). Mudstones
adjacent to intrusions are usually deformed: but in some cases,
emplacemaent of the basalts has resulted in little or no deformation.
Grande Ronde Basalt intrusions typically display blocky to platy
jointing, but poorly developed columnar jointing is present locally.

Smaller intrusions (<2 m thick) are usually highly fractured.

Frenchman Springs Membar of the Wanapum Basalt

The Frenchman Springs Petrologic type in the thesis area
consists of a single, roughly tabular dike that holds up a northeast
trrending ridge in the northuestern corner of the thesis arsa (Plate
1). The dike is relatively thick (approx. 1§ m), has blocky
jeinting, and has baked the surrounding mudstones of the ball park
unit of the Smuggler Cove formation a very light gray (N 8).

In hand sample the basalt is sparsely porphyritic (approx. 1%
plagioclase phenocrysts), has a finely crystalline groundmass, and is
black (N L). The presence of "common" (l%) phenccrysts servea to
distinguish the Frenchman Springs Petrologic type from the nearly

aphyric Grande Ronde Basalt petrologic type.

FPomona Member of the Saddle Mountains Basalt

The Pomona Member petrologic type in the thesis area has been
subdivided into two informal textural units (Plate I). These ars the
microporphyritic (Tpm) and the gabbroic (Tpg) subtypes. Twc sills of

the microporphyritic unit (Tpms) cccur in the thesis ar=a {(localifies



L

22 and 357). The sills are basaltij, dark gray (N 2) to black (N 1),
and contain plagicclase as small glomerophenocrysts and micropheno-
crysts. Microphenocrysts are small (1 mm) but can readily be seen
with a hand lens. On weathered surfaces the microphenocrysts appear
as abundant small white laths. The white color is a result of
alteration of the plagioclase to clay. One sill at quarry locality
357 is approximately S meters thick, has sharp contacts with the
surrounding mudstones of the Sweet Home Creek member, and is roughly
tabular. The other sill (locality 20) has a sharp but irregular
contact with the surrounding mudstones of the Smuggler Cove’formation
and is approximately 7 neters'thick. Jointing in both sills is
blocky to faintly columnar. |

The gabbroic subt;ﬁ; is typ;ca?ly well-weatherad, has a mottled
" appearence, and is ned;um gray (N 4) to light gray (N 7). However,
where the unit is fresh (j.,e., stream bed localities such as §17) the
rock is dark gray (N 2). The unit is characterized by a gabbroic to
microgabbroic texture with individual crystals ranging from | mm to 1
cm in length. Pyroxene, plagioclasa, and rare olivine can be
observed in hand sample. Thick sills (5 m to 1@ m) are most common
(localities 297, 312, S96) but a thin (3 m) dike is also present
(locality 3L3). Jointing is typically blocky but faint columnar
jointing is also present. Cooling margins are thin (<2 cm) and
glassy. Adjacent mudstones are typically bleached to a very light

gray (N 8) and are well-indurated.
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Petrography
Introduction

Twenty—-seven surface and subsurface samples of middle Miocene
Columbia River Basalt Group were thin-sectioned and analyzed with a
petrographic microscope (appendix 8). Three of the samples are
sidewall core samples from the CZ 11-28 well adjacent to the thesis
area. Thirteen samples were point-counted (300 to 500 points) using
a mechanical stage and modal abundances were visually estimated in
the remaining samples. Because of the relatively low number of of
points counted there is a several percent error in the abundances
reported in appendix 8. All of the gsamples examined have the
petrographic features of basalts or gabbros as described below.

Pétrographic analysis was used to determine if the chemical
differences between subunits are raflected in petrographic features.
Thirteen of the Grande Ronde Basalt thin/sections were from
localities where chemical data were available and seven were from
localities without chemical data. It was found that petrographic
features can be used to make ;entative subunit assignments but that
chemical data and magnetic polarity data are needed to positively
assign an intrusion t¢ a specific subunit.

Petrographic analysis was also used to compare "invasive"
dikes and sills of the Columbia River Basalt Group to prasumably
correlative subaerial flows described by Murphy (1381) to the
northeast of the thesis area. UWhen poséible, petrographic and

chemical samples were collectac from the central part of intrusive
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bodies. Thin as well as thick intrusions were sampled and comparead.
There are no apparent mineralogical differences between subaerial
flows and "invasive® dikes and sills. The only petrographic
differences noted are the presence of occasional large vesicles in
the flows and a coarser texture in several very thick sills. As was
stated in previous sections, the Columbia River Basalt Group is
petrographically distinct from the Eocene volcanic rocks in the

thesis area.

Grande Ronde Basalt

The high Mg0 subunit of Grande Ronde Basalt (Tgr4) consists of
very rare, small plagioclase phenocrysts (approx. 1 per square meter)
set in an intergranular to subophitic groundmass. The groundmass
consists of plagioclase microlitas (485-50%), clinopyroxene (41-47%),
and opaque minerals (39-11%) (fig. 92b). Plagioclase is labradorite
(An 57-53) that varies in length from 0.1-2.8 mm., The clinopyroxene
is augite (2vz 45-55 ) which is anhedral to subhedral, ranging from
2.1 to 1.5 mm in diameter. Chlorophaeite rims some augite crystals.
Opaque minerals appear to be magnetite and ilmemite which are
typically anhedral and range in size from @.1 to 3.5 mm., Minor
amounts of an interstitial mixture of guartz and alkaline fesldspar is
present in sample S23.

Low Mg0 petrologic type basalts (Tgr! and Tgr3), where subunit
assignment has been confirmed using chemical analysis, consist of
very rare plagioclase phenocrysts (approx. | per sgquare meter) set in

an intersertal to hyalopilitic groundmass. Smaller intrusions (2-=7 m
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thick) have a hyalopilitic texture whereas a sample from a thick
(approx. 4@ m) sill at locality 242 south of Cole Mountain has an
intersertal texture. Groundmass of low Mg0 basalts consists of
plagioclase microlites (30-55%), clinopyroxene (2-33%), opague
minerals (Q@-8%), and glass (4-5E%) (fig. 94, appendix 8).

Plagioclase microlites are labradorite (An 53-57) that range in
length from @.1-0.7 mm. Clinopyroxene is anhedral to subhedral
augite (2vz 45-55 ) that is typically very small (<@.1 mm) but ranges
. in diameter from <@.1 to ! mm. Opaque minerals, probably magnetite
and ilmenite, occur as finely dissiminated dust in basaltic glass and
as small intergranular grains. Glass is typically black to light
brown and, therefore, probably consists of tackylite and
sideromelane.

Peterson (13984) noted that low Mg@-high Ti02 (Tgrl) bhasalts
contain very minor anhedral hypersthene and typically contain more
than 10% opaque minerals whereas low MgO-low Ti0Z2 (Tgr3) basalts
generally contain less than 7% opaque minerals. These differances
were not observed in the thesis area. Only one high MgO-high Ti02
intrusion occurs in the thesis area. A thin section from this
intrusion (sample 2) reveals that it is petrographically "identical"
to the low MgO-low Ti02 basalt exémined.

Low Mg0 basalts, as can be ssen from the data above and on
figure 34, tend to contain more glass and are more finely crystalline
than the high Mg@ samples from intrusions of similar thickness. A
comparison of holccrystalline or nearly holocrystalline samples shows
that high Mg0 basalts contain less plagioclase and more augite than

low Mg0 basalts. High Mg0 basalts also tend to contain a higher
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Photomicrographs (crossed nicols) of A) glass-rich low MgO,
low Ti02 Grande Ronde Basalt (Tgr3)(locality 40) and B)

more coarsely crystalline high Mg0 Grande Ronde Basalt
(Tgr4)(locality 131),
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percentage of opaque mineréls. The greater amount of Mg0 in the high
MgO basalts is, therafore, probably reflected in the greater
abundance of augite and opaque minerals.

Based on peatrographic characteristics, six samples from
localities without ¢hemical data have been tentatively assigned
to the low MgO subtype {appendix 8). All of these samples have
normal polarity and; therafore, are probably low MgO-low Ti02 (Tgr3)
basalts. One sample (520) has been tentatively assigned to the High
Mg0 subunit based on petrographic characteristics and proximity to
other high MgQ0 localities.

Snavely at_al. (1973) noted that the petrographic
characteristics of the Depoe Bay Basalt (Grande Ronde Basalt
petrologic type of this study) are "identical” to those of the Grande
Ronde Basalt on thas Columbia Plateau. Since 1873, the petrographic
characteristics of the of the Depoe Bay Basalt have been studied by
Tolson (1978), Panoyer (1977), Coryell (1978), Murphy (1981),
Olbin;ki, 1983; Peterson (1984), and Nelson (1385). Data from the
above studies and from this study show that the Grande Ronde Basalt
petrologic type exposed on the coast is petrographically
indistinguishable from the Grande Ronde Basalt of the Columbia
Plateau studied by Waters (1961), Swanson (13987), and Wright et al.
(1373) and from the Grande Ronde Basalt of the sastern Willamette

Valley described by Anderson (1878).
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Frenchman Springs Member of the Wanapum Basalt

One dike in the thesis area has been assigned to the Frenchman
Springs Member, This basalt dike is sparsely porphyritic with a
subophitic groundmass. It consists of labradorite phenocrysts
(1/2%), labradorite microlites (48%), augite (38%), opaque minerals
(9%), and minor amounts of basaltic glass (fig. 95). iabradorite
phenocrysts range fram 4 mm to 1 cm in length. The Frenchman Springs
Member is petrographically similar to aphyric high Mg0 Grande
Ronde Basalt But contains approximately 1/2% phenocrysts. Frenchman
Springs Member subasrial flows studied on the Columbia Plateau
(Waters, 13961; Wright et al., 1973) have similar petrographic
characteristics as the Frenchman Springs Member petrologic type dike
in the thesis area.

Beeson gt al, (198%) have subdivided the Frenchman Springs
member into several subunits based primarily on chemical
composition. They noted that the petrographic characteristics'of the
different subunits were variable. The Frenchman Springs Member dike
in the thesis area, on the basis of major oxidg chemistry, has been
tentatively assigned to the basalt of Ginkgo of Beeson gt al,

(1985)., The dike in the thasis area is; however, less porphyritic
than "typical" Ginkgo basalts which average approximately 5%

labradorite phenocrysts.
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Fig. 85. Photomicrograph (crossed nicols) of Frenchman Springs
Member basalt. Note the large incompletely crystallized
labradorite phenocryst at the right surrounded by
groundmass of labrodorite, muscolite, augite, opaque
ilmenite, and basaltic glass (sample 78).



Pomona Membher of the Saddle Mountains Basalt

The microporphyritic subunit of the Pomona Member petrologic
type (Tpm) consists of plagioclase (45-50%), augite (25-42%), opaque
minerals (5-7%), and glass (3-22%) (appendix 8), Textures are
microporphyritic to sparsely glomeroporphyritic with an intersartal
groundmass, The plagioclase is labradorite (An 54-83) which occurs
in three distinct sizes: 1) as large (3 mm to 2 cm) phenocrysts and
glomerophenocrysts: 2) as microphenocrysts (approx. 9.7 mm in
length); and 3) as microlites (0.1 to @.3 mm) (fig. 96). The
presence of large glomerophenocrysts and abundant microphenocrysts
serves to distinguish the Pomona Member miéroporphyrific subtype from
other petrologic units in the Columbia River Basalt Group of
northuestern 6ragon. |

The gabbroic subunit (Tpg) is compositionally similar to the
microporphyritic subunit (Tpm) but has an ophitic texture and
contains moderate aﬁbﬁnts (up. to 8%) of olivine (appendix 8,
fig. 87). Subhedral t§ euhedral labradorite (An 58-64) comprises
from 40-53% of the rock and ranges from 0.2 mm to 3 mm in length.
Augite comprises from 22-29% of the rock and occurs as large (0.5 to
4 mm ) subhedral crystals that frequently envelop labradorite
microlites. Opague minerals comprise from.S to 7% of the rock and
are relatively large (0.2-0.5 mm), Olivine is typically euhedral,
fairly large (2~3 mm), and unaltered (fig. 97).

The texture a2nd mineralogy of the gabbroic subunit (Tpg)
can probably be attributed to slow cooling and crystal fractiomation

of the same "magma” that produced the microperphyritic subunit
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Fig. 96. Photomicrographs (crossed nicols) of the Pomona Member

microporphyritic subunit. A) showing albite twinned
labradorite glomerophenocryst (sample 20) and B) showing
labradorite microphenocrysts in a groundmass of
plagioclase, augite, and basaltic glass (sample 357).



Fig. 97.

Photomicrograph of the Pomona Member gabbroic subunit
{(Tpg). Note the ophitic glomerophyritic texture and the

large fractured olivine phenocryst. A) plane polarized
light and B) crossed nicols (sample 313).



(Tpm). In the extreme southwestern part of the thesis arsa just
above the Tillamook Volcanics there are two exposures of Pomona
Member sills which intrude the same stratigraphic horizon in the
Sweet Home Creek member. A gabbroic subunit sill is exposed at
locality 310 along Gods Valley Rodd and a microporphyritic subunit
sill 1s axposed at locality 357 locatad approximately 2 km. to the
east., These relationéhiﬁs suggest thaf thg_two exposures are of the
same sill and that textural differsnces are the result of different
cooling histories. *?Hébgiéfgporphyr;tic subunit exposure, as is
evidenced by struétdréi édsition, was‘prabébl; empiacé& at a higher
elevation than the gabbfoic subqnit exposure and appears to be
relatively thin (approx. S m) compared to the gabbroic exposure
(approx. 1@ m).

The Pomona Member in the type area on the CoLumbia Plateau
consists of labradorite, augite, and olivine glomerophenocrysts and
microphenocrysts set in an interssrtal groundmass composed of
labradorite, augite}”obaQUQ:m;n;rals,'and basaltic glass (Schmincke,
1387).  The microporphyritié subunit (Tﬁm) in the thesis area is
petrographically‘siﬁilar to Pohong;ﬁembér flows on the Célunbi;
Plateau. The only significanf difference is that olivine was nét
observed in the microporphyritfc subunit. Murphy (1881) Eeported
that a Pomona Member subaerial fiow Ln.norfheanérn Clatsop C;unty
contained approximately (3%5 oli;ine; The gabbroic suﬁunit (Tpg)
is mineralogically similar to the Pomona Member flow described
by Murphy (1981) except that it contains more olivine (up to 8%).
This difference is probably due_to differentiation during slow

cooling.
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Magnetostratigraphy

The polarity of 150 Columbia River Basalt Group samples from 52
localities was determined with a fluxgate magnetometer (appendix
7). From two to four samples were analyzed from each locality. In
almost all cases samples from the same locality yielded the same
polarity readings. Localities with conflicting or very weak readings
have querried polarities in appandix 7. |

Most localities wers found to have normal polarities with
reversed polarities being restricted to localities 2, 4, 314, 320,
and 357. Localities 314, 320, and 357 are the Pomona Member
petrologic type, indicating that the unit has a reversed polarity in
the thesis area. Pomona Member locality 310, however, has a
guesticnable normal polarity. The rock here is moderately weathered
and microgabbroic. Slow cooling and/or weathering may have affected
the polarity determination. Previous workers have shown that the
Pomona Member in westarn Oregon, southwestern Washington, and on the
Columbia Plateau is reversely polarized (e,g., Snavely &t al., 1873;
Beeson and Moran, 1879:; Murphy, 1981).

The other remaining reversely polarized localitias (2 and 4) are
in a low MgO-high Ti02 6rande Ronde Basalt dike. Chemical analysis
was used to determine the subunit assignment of this dike. Murphy
(1981), Peterson (1984), Nelson (1985) and Goalen (in prep.) have
noted that the low MgO-high Ti02 subunit in Clatsop County has a
reversed polarity.

Intrusions with normal polarity include high Mg0 Grande Ronde

Basalt (Tgr4), low MgO-low Ti02 Grande Ronde Basalt (Tgr3), and the
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Frenchman Springs Member Basalt. Numerous studies con the Columbia
Plateau anrd in northwestern Oregon have shown that high Mg0 Grande
Ronde basalt and Frenchman Springs Member have normal polarities
(e.g3., Beeson and Moran, 1379). Beeson and Moran (13739) recognized
that subaerial flows of low MgQ-low Ti0Z Grande Ronde Basalt in
western Oregon could be separated into two magnetostratigraphic units
based on polarity. Peterson (1984) mapped both reaversely polarized
(Tgr2) and normally polarized (Tgr3) low MgO=-low Ti02 intrusions to
the north of the thesis area. Within the thesis area, however, all
the low MgO-low TiQZ Grande Ronde Basalt has normal polarity. This
indicates that thg the reversely polarized subunit of Peterson (1384)
(Tgr2) is not present in the thesis area.

Swanson and Wright (1878) and Swanson et al. (1979) devised a
magnetic stratigraphy for the Columbia River Basalt Group. The
Grande Ronde Basalt was divided into the Rl, N1, R2, and N2
magnetostratigraphic units (fig. 3@). Rl Grande Ronde Basalt flows
are apparently restricted to the Columbia Plateau with NI, R2, and N2
flows being more Qoluminous and occurring on the Columbia Plateau as
well as in western Oregon and so;thwestern Washington (Beeson and
Moran, 1978). Therefore, the reversely polarized low MgO-high Ti02
subunit (Tgrl) in the thesis area is considered to be correlative to
the R2 zone and both the High Mg0 (Tgr4) and the low MgO-low TiO2
(Tgr3) subunits are thought to be correlative to the N2 magnetic
zone. The Frenchman Springs Member of the Wanapum Basalt has alsc
been assigned to the N2 zone by éwanson at al. (1879).

In conclﬁsion, paleomagnetic polarity studies of the middle

Miocene intrusive rocks in the thesis area show that the chemical



353
units of the Columbia River Basalt Group have consistent polarities.
This indicates that the various chemical subtypes aée good
stratigraphic units (i.s. each subunit is genetically related and
emplaced at approximately the same time) rather than an artificial

grouping of chemically similar basalts.
Chemistry

TQenty seven Columbia River Basalt Group samples were collected
and prepared for major oxide chemical amalysis. The samples were
analyzed using x-ray fluorescence and standardized against the
U.S. Geological Survey silicate standard BCR-1 (Columbia River Basalt
. standard) by Or. Peter Hooper's lab at Washington State University.
The BCR~-1 standard has been used on almost all published analyses of
Columbia River Basalt, thereby allowing for accurate comparison of
major oxide chemical data. Olbinski (1983), Peterson (19B84), and
Nelson (198S) had Columbié River Basalt Group samples analyzed
against the “international” standard of Dr. Hooper. Goalen (in
prep.) devised correction factors to convert international standard
values to BCR-! values. These correction factors are listed by
Peterson (1384), The chemical analyses used in this report from
Peterson (1984) and Nelson (1985) have bheen corrected te BCR-1 values
using the correction factors.

Analyses from the thesis area were plotted on a silica variation
diagram (fig. 88) and a plot of Ti0OZ2 versus Mg0 (fig. 398). Snavely
et al. (1973) defined compositional limits for the Grande Ronde

Basalt (Depoe Bay Basalt), Frenchman Springs Member (Cape Foulweather
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Silica Variation Diagram For Miocene Basaits

Hamiet Area, Northwest Oregon
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Basalt), and the Pomona Member (basalt of Pack Sack Lookout) using a
silica variation diagram. With several exceptions, samples from the
thesis area plot within the cohpositional limits of Snavely at
al. (1973) therby confirming the field identifications and
demonstrating a certain degree of chemical homogenaeity for the
various units. As Snavely gt 3l. (1973) originally pointed out the
plot also shows that the "coastal basalts® and the “plateau basalts®
have essentially identical major element chemistries,

Two Grande Ronde Basalt well samples from the CZ 11-28 well and
two samples from the gabbroic subunit of the Pomona Member plot
significantly outside the fields defined by Snavely et al. (1973).
fhe two anomolous Grande Ronde Basalt samples'from the well are
chemically similar to other Grande Ronde Basalt samplas except that
they contain higher percentages of of Si02. The higher Si02 values
are probably due to either alteration or to contamination of the
basalt samples with mudstone cuttings. One sample (310) of the
gabbroic subunit of the Pomona member consistently plots within the
the Pomona Member field of Snavely gt al. (1373) whereas the other
two samples of the gabbroic subunit plot near but outside the
field. It is suggested that the chemical differences in these
two coarsely crystalline samples is due to differentiation during
slow cooling. It is possible, but not likely, that the intrusions
mapped as the gabbroic subunit are not related to the Pomona Member.
Pomona Member intrusives are located near and are chemically similar
to the gabbroic intrusions and, therefore, it is this writer’s
opinion that the gabbroic intrusions are related to the Pomona

Member, Gabbroic subunit rocks intrude late QOligocene to early
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Miocene sedimentary rocks in the southwestern cornervof the thesis
area and, therefore, are at least approximately the same age as
Pomona Member basalts (Plate I).

Murphy (1981), Olbinski (1983), Peterson (1884), and Nealson
(1985) used a Ti02 versus Mg0 diagram to differentiate the various
subunits of Grande Ronde Basalt and to diffarentiate Grande Ronde
Basalt from other units in the Columbia River Basalt Group
(fig. 99). Samples from the thesis area plot within all of the
fields outlined by Murphy (1981) with the majority of samples
plotting in the low Mgl~low Ti02 Grande Ronde Basalt field. One
sample from CZ 11-28 well cuttings (CZ-3) is considered to be high
Mg0 basalt even though it plots within the low Mg0 field on figure
89. All samples from the well appear to be depleted in in Mg0 as a
result of contamination or alteration, thereby shifting the plotted
positions to the left on figure 99. Because of the apparent Mg0
depletion and because another sample (CZ-4) collected from the same
wéll horizon plots in the high Mg0 field, sample CZ-3 has been
assigned to the high Mg0 petrologic type. The two well samples
assigned to the low MgO-low TiO2 subunit plot slightly outside the
low Mg0 field. This is probably a result of contamination of basalt
cuttings by mudstone cuttings.

Two distinct clusters of samples occur within the low MgO-low
Ti02 field on figure 9S8. Four samples cluster at Ti02 values of
2.3%. This cluster is labeled subunit S because all the samples are
from intrusions in the southern part of the thesis area. Six samples
from the northern part of the thesis area cluster at Ti02 values of

2.1% and have been labeled subunit N on figure 82. One sample (El)
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from the northern part of the thesis area plots away from both
clusters, Beeson et al. (1879) suggest that several different low
MgO=-low TiQ2 flows entered the marine environment in the vicinity of
the thesis area and formed "invasive" dikes and sills. The two
subunits (N and S) in the low MgO-low TiQ2 petrologic type may
represent the invasion of two different normall& polarized low
MgO-low Ti02 flows with slightly different chemistries in different
parts of the thesis area.

The two Pomona Member gabbroic subunit samples (287 and 617)
that plotted outside of tHe Pomona Member field on the silica
variation diagram (fig. 98) also plot outside the Pomona Member
field on the Ti02 versus MgQ diagram (fig. 99). This is probably due
to differentiation and deuteric alteration during slow cooling as was
previously mentioned.

The average major element chemical composition of the Columbia
River Basalt Group intrusive units in tge thesis area was compared to
the average composition of the same units ocutside the thesis area
(tables S and 6). This was done in order to establish average
compositions of the various units and to compare the chemical
composition of "coastal®” intrusions to subaerial flows.

Table S shows that low Mgo-low TiQZ Grande Ronde Basalt (Tgr2
and Tgr3) and low MgO-hign Ti02 Grande Ronde Basalt (Tgrl) have very
similar major element chemistries. The only significant difference
between the two units is in Ti02 content. Low TiOZ2Z basalts average
from 2.0 to 2.15% Ti02 whereas high TiQ2 basalts average frcm 2.35 tco
2.5% T102. There is also a tendency for high Ti02 basalts ic

contain more KZ0 than low Ti0Q2 basalts. Even though there is



Table §

Major Oxide Content of Subunitis within the 6rande Ronde Basalt:
Comparison of Subaerial Flows to "coastal® intrusions

unit  |Low Mgo, Low TLO, Low Mgo, High Ti0, lnsgh mgo

intrusions® Flaows lntmllonl+ Flowsl|intrustons? Flows
col no Snav, Pet. 'Naln. Murp. fhil pees ||snav. Pet. Nels. This | Bees.lsnav. Pet. Hels. This | Bees. Swan.
No. of R " e .
anal. | 26 8 9 6 11 3o 1 4 ?  § ? 13 5 4 5 17 13
510, 52.1 56.9 56.2 56.4 55.9] 55.9[]55.3 S56.1 S55.8 54.8[55.}]|55.0 53.9 54.2 53.9] 53.9 54.0
A1,03 [14.1 4.4 15.0 14.3 14.8] 15.1}]{14.0 13.8 14.9 14.9|14.8]j14.4 14.8 15.0 14.9] 14.3 14.5
tiop 2.0 2.1 2.1 2.0 2.2 2,1 2.5 2.4 2.4 2.4 2.3 1.9 2.0 2.0+ 2.1 1.9 1.8
#0203 | 2.6 ==m- —-m- —e-- 2.0 2.0 2.4 - - 2.0] 2.0} 2.2 ---- ---- 20| 2.0 ----
e 9.8 10.4] 9.7 9.9 =wce wwee 11,0104 9.5 «~-= —wee 10.1] 9.7 =---
MnO lo.21 o0.18 0.19 ---- 0.19] 0.20 0.2§ 0.19 0.18 0.19 Jo.20)]|0.2) 0.24 O0.22 0.21}0.20 ~----
Ca0 6.9 7.0 7.0 6.9 6.7 7.0]1 6.6 7.2 5.2 6.9 6.811 7.9 8.9 8.4 8.3] 8.5 9.1
Mo |1.4 3.2 3.4 3.8 3.6 3.4 3.5 3.2 3.4 3.6 3.3) 43 44 45 48] 5.0 5.3
K,0 1.4 1.6 1.6 17 1.6] 16|23 2.0 19 15]19fl10 13 12 o] L2 1.
Nay0 3.5 2,3 2.1 3.1 2.5 2.7 2.9 2.3 2.4 2.4 2,8 3.3 2.1 2.2 2.4 2.3 2.8
Pa0g 0.40 0.30 0.,3p =-=- 0.33] 0.33}|l0.34 0.33 0.32 0.40 |0.40 |j0.32 0.26 0.27? 0,30} 0.28 ----
snav. - Snavely et al. (1973) Bees. - Beeson, personal comm. to Peterson (1984)
Pat. - Peterson (1984) Swan. - Swanson et al. (1979)
Nela, - Nelson (194AS5) * Well samples not included because
Hurp. - Murphy (1981) of possible contamination
This - This Study + Includes several “coastal hasalt® flows from Snavely, et al. (1973)
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Table 6

Average Major Oxida Concentrations of Frenchman Springs and the Pomana
Member: Comparison of Subaerial Flows to “Coastal® intrusions

Unit Frenchman Springs Member

Pomona Member
Intrusions’ " Plows Intruaions Flous

Data |Snav. Murp. Pet. This | Bees. Swanl|snav. Hill ‘his Murp. Swan. Wat.
Ho. of

anal, 21 7 11 1 46 21 10 4 - 3 kK [4] ?
8102 51.9 52.0 52.7 50.3 51.3 51.5(1152.3 ~ww- 49.6 152.7 S2.1 S1.1
A1203 |13.9 13.5 13.9 13.9]14.7 14.21115.1 13.4 16.2 |14.9 }4.9 15.1
To2 | 3.0 3.0 2.6 3.2 3.0 30ff 1.6 1.7 1.9 1.7 1.6 —-u-
Fep03 | 3.6 —=-= ~—eu 20| 2.0 =)l 1.7 oo 2.0 |oeee —em a5
FeO 10.9 =ccc  ceuc 12.5 l?.S-»---- 8.8 ---- 9.4 [~=== oce- 8.6
Mno 0,22 ---- 0.23 0.23]0.23 ----}{0.18 <==- 0.18 |==ce e 0,20
Cao 7.9 8.2 8.2 9.0 8.2 8.6 |/110.6 10.0 10.7 |10.3 10.7 10.9
Mgo 4.1 4.3 3.7 5.0 4.1 4.6 6.9 6.7 8.0 7.2 7.0 7.0
K50 1.0 1.3 1.3 0.8 41.1 1.2]t0.,56 0.80 0.30 [0.70 0.64 0.62
Naj0 3.0 2.7 2.2 2.3 2.0 2.7 2.3 2,5 1.45 2.3 2.4 2.3
Py0g 0.69 ---- 0,60 0.61 ]0.54 ----|l0.28 ——-- 0.28 |~=== <c-wu 0.16

snav, - Snavely et. al. (1973)
Pet. - peteraon (1984)

Murp. - Murphy {(1981)

‘This ‘this Study

Rees. - Beeson, personal comm.
Swan, - Swanson et. al. (1979)
il - nil (1975)
Wat, - Waters, written comm. to
Snavely, et. al. (1973)

ncludes sovaral “coastal basalt® flows from Snavely, gti al. (1973)

@3¢



relatively little chemical difference between the high Ti02 basalts
and the low Ti02 basalts, it appears that they represent distinct
units. This is evidenced by the reversed polarity of the high

Ti02 basalt and the normal polarity of the low Ti02 basalt in

the thesis arsa. In addition, Ti02 values are generally very
accurate, and variations ip the values probably represent real
differences rather than analytical arror.

High Mg0 Grande Ronde Basalt (Tgr4) is higher in Ca0 and Mg0 and
lower in 5i02 and K20 than low Mg0 Grande Ronde Basalt (table
5). Trace element data from the thesis area and from other workers
show that high Mg0 Grande Ronde Basalt contains more Sc and Co and
less Th, La, and Sm than low Mg0 basalts (table 7).

Frenchman Springs Member basalts are higher in total iron, Tig2,
and P20S and lower in $5i02 tRan any units of the Grande Ronde Basalt
(table 6, fig. 98). Peterson (1984) divided the Frenchman Springs
Member in northwest Oregon into two inférmal units based on
phenocryst abundance and P205 content. These subunits are the
phenocryst-poor (<1%), lower P205 (0.46-0.51%) Kelly Hollow basalt
and the phenocryst-rich (>1%), higher P205 (0.56-@.54%) Ginkgo
basalt. Beeson at al, (1985) have recently recomended that the name
Kelly Hollow be abandoned and that basalts formally assigned to this
unit should be included in the basalt of Sand Hollow. Beeson et
al. (1985) divided the basalt of Sand Hollow into low P205 (@.458% to
9.50%) and intermediate P205 (Q2.51% to 2.53%) chemical subtypesf The
Ginkgo basalt has been renamed the basalt of Ginkgo by Beeson et al.
(1985),

The Frenchman Springs Member dike in the thesis area contains



Table 7

Compartson of Trace Elememt Averagaes of Low HpO 6randes Ronde
Basalt to high Mgo 6rande Ronda Basalt

st

iigh Mgo

bnlt fow Mgo Grande Ronde nainlt

Intrusions Flows Flows
Data Source | purp. Hill This And, Swan. Murp And.
No. of 5 3 1 17 1 3 7
anal.,
sc (ppm) 30.40 31.00 30.05 + .08 34.00 | 31,20 29.00] 38.00
Th 5.32 3.30 5.73 ¢+ .15 7.680 6.10 5.308 ¢ 3.80
Ba 520.00 580.00 800.00 ¢+ 100 900.00 | 783,00 686.00] 800.00
La 23,80 24.30 ?l.‘p 1t .27 26.50 28.70 23.504 18.50
Sm 6.22 6.40 6.00 ¢+ .021 6.60 7.7 6.19 5.40
Eu 1.65  1.79 2,30+ .11 2,00 2.18 1.52] 1.e0
Ce 48.50 49.00 13.70 £ .099 50.00 [ 58.00 48.00] 40.00
Nd 22.19 4 2.10
Th 1.33 + .081
Yb o |eemeee aeee - 3.33 + .098
m ------ ——oee o 0051 1 0022
nb 48.66 + 4.79 - - -
ue , 7.31 4 0.36 -
Murp. - Murphy (1981) And. - Anderson (1978); Clackamas River Area
il - il (1978) Swan. - Swanson and Wright (1979)

This - This Study, sample 40
INAA analvasis hy Amy lloover, Ore. St. Univ.
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0.81% P205 and has been tentatively assigned to the basalt of Gihkgo.

The dike in the thesis area has fewer phenocrysts than typical
samples of the basalt of Ginkgo which average approximately 5%
phenocrysts. The basalt of Ginkgo, however, has a highly variable
phenocryst content (Beeson gt al., 1985). The Frenchman Springs
Member contains more iron (>13.5%) and less P205 (< @.B5%) than
Tillamook Volcanics and, therefore, can usually be chemically
differentiated from them.

The Pomona Membeér can be differentiated from other Columbia
River Basalt Group units in western Oregon and western Washington by
a very high Ca0 (>1@8%) and MgQ (7-8%) contents as well as by a very
low (0.8%) Ca0 content (table 6, fig. 98). The average major element
composition of the Pomona Member in the thesis area is slightly
different from the the average content of the unit elsewhere (table
6). The Pomona Member in the thesis area is slightly lower in §i02
and K20 and slightly higher in Mg0 and Al203 than the Pomona member
in other areas. These slight differences are due to the more mafic
composition of the gabbroic subunit (Tpg) in the thesis area.

Tables 5 and 6 show that there is essentially no significant
difference in major elament composition between subaerial flows
(“plateau basalts") and intrusives ("coastal basalts") when the same
units and subunits are compared. Peterson (1984) reported a number
of chemical analyses from Columbia River Basalt Group flows in
Western Oregon. The samples were collecteq by Dr. Marvin Beeson of
Portland State University and analyzed by Dr. Peter Hooper's lah at
Washington State University. The subaerial flows sampled by Beeson

can be traced through the Columbia River Gorge and onto the Columbia
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Plateau. It is felt that the intrusions sampled in the thesis area
and the flows sampled by Beeson offaer the best comparison as thay
were both anaivzed at the same lab on the same Columbia River Basalt
standard. Table 5 shows that the average composition of the
intrusions in the thesis area is essentially identical to the
average composition of Columbia River Basalt Group subaerial flows
sampled by Beeson. This suggests that the intrusions and the flouws

are petrographically related.

Age

Volcanic rocks of the Columbia River Basalt Group were erupted
from approximately 18 Ma. to B Ma. (early to late Miocene) (Swanson
et al., 18739). Flows reaching Clatsop County belong to the: Grande
Ronde Basalt, dated from 15.5-14.5 Ma. on the Columbia Plateau; The
Frenchman Springs Member of the Hanapum Basalt, dated at 13.4 Ma. on
the Columbia Plateau: and the Pomona Member of the Saddle Mountains
Basalt, dated at 12 Ma. on the Columbia Plateau (Swanson et _al.,
1879; Kienle gt al., 1878).

Snavely at al. (1873) considered the "coastal basalts“ to have
been erupted locally during the same time interval as the chemically
similar units of the middle to upper Miocene Columbia River Basalt
Group. Beeson et _al. (1879), however, suggested that the coastal
intrusions represent the distal ends of plateau~derived flows that,
upon reaching the marine environment, invaded the semi~consolidated
forming "invasive" dikes and sills. If this hypothesis is correct,

as data from this report suggests, then the intrusions are precisely



the same age as the subaerial flows that sodrced the intrusions.

All of the chemical types in the thesis area are Oligocene 1o
early Miocenes in age or younger as they intrude rocks of this age
(plate 1), Peterson (13884), Neel (1876), and Cressy (1974) have
shown that the Grande Ronde Basalt and the Frenchman Springs Member
petrologic types intrude the lower to middle middle Miocene Astoria
Formation. Snavely et al. (1973) reportrd a K/Ar age range of
14+2.7 Ma. to 16+Q@.6 Ma. for the Depoe Bay Basalf (Grande Ronde
Petrologic type of this report) on the northern Oregon Coast. A very
thick low MgQ Grande Ronde basalt sill at Neahkanie Mountain, which
forms a prominent headland 1@ km west of the thesis area, has been
radiometrically dated at 15.9+0.3 Ma. (Niem and Cressy, 1873),
Snavely &t al. (1973) reported a K/Ar age of 9.0+1.4 Ma. for the
basalt at Pack Sack Lookout‘and stated that, "although a diffaerence
of about 4 m.y. is shown by the K/Ar ages of Pomona and Pack Sack
Lookout basalts, the dates are from single samples and, therefore, no
great reliance can be placed on tham".

The previous discussion has shown that the Columbia River Basalt
Group on the Columbia Plateau and the "coastal basalts" of Snavely gt
al. (1973) are approximately the same aga. Paleomagnetic data
indicate that that the chemical types on the plateau are precisely
the same age as correlative chemical types on the Washington and
Oregon coasts (Choinere and Swanson, 1873; Murphy, 1981; Peterson,

1984: Nelson, (988; this study).

Correalation
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At least ten subaerial Grande Ronde Basalt flows have been
traced from the Columbia Plateau down the Columbia River Gorge and
into western Oregon {(Anderson, 1878: Beeson and Moran, 1979; Vogt,
1981). These include three RZ, low Mg0 flows: five N2 low Mg0 flows;
and 2 N2, high Mg0 flows. At least six of these flows reached
northeastern Clatsop County including: at least 2 R2, low MgQ flows;
two M2, low Mgo flows: and two high Mg0 flows (Murphy, 1981; Goalen,
in prep.). Two chemical subtypes (basalt of Sand Hollow and basalt
of Ginkgo) of Frenchman Springs member subaerial flows have also been
traced into northwest QOregon (Beeson, &t al., 1985). The Pomona
Member has been mapped as a single flow unit in northeastern Clatsop
County and in southwest Washington (Wells, 1981; Murphy, 13981).

Peterson (13884) correlated the four Grande Ronde Basalt
intrusive subunits in the Green Mountain-Youngs River area and two
Frenchman Springs Member subunits to petrologically and
paleomagnetically equivalent (i,e. same polarities) plateau derived
Grande Ronde Basalt and Frenchman Springs Member subaerial and
submarine flows in the Nicolai Mountain area (Murphy, 1981) and the
Plympton Creek- area (Goalen, in prep.) of northeastern Clatsop
County. Data from the thesis area support the correlations of
Peterson (1984). The Columbia River Basalt Group petrologic type
intrusions in the thesis area have been correlated to the subaerial
flows in northeastern Clatsop County as shown in figure 10@. The
units correlated in figure 12@ have virtually identical chemical,
petrographic, and magnetic polarity properties. The gabbroic subunit
of the Pomona Member (Tpg) is the only exception to this, as it does

have slight chemical and petrographic differences from the Pomona
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Member studied by Murphy (1981). These differences ars thought to be
a result of differentiation during slow cooling. Rarey et al. (1983)
correlated Pomona member intrusive rocks in the thesis area to a

subaerial Pomona member flow mapped by Murphy (188l) in northeastern

Clatsop County.

Origin

Snavely gt al. (1873) noted that the Depoe Bay Basalt and the
Grande Ronde Basalt, the Cape Foulweather Basalt and the Frenchman
Springs Member, and the basalt at Pack Sack Lookout and the Pomona
Member were consanguineous basalt groups. However, they considered
the Columbia River Basalt Group (“'plateau basalts") and the “"coastal
basalts" to have been erupted from separate vent areas approximately
500 kilometers apart. Therefore, Snavely et al. (1973) had to
invoke regional magmatic processes to explain the identical age and
chemistry of the two basalt groups. They based their conclusion that
the "coastal basalts" had been erupted locally on the presence of
dikes, sills, and eruptive features (g. g., "volcanic bombhs") on the
Oregon Coast. The three regional magmatic models suggested by
Snavely gt al. (1873) are: 1) partial melting of the Juan De Fuca
Plate subducted beneath the American Plate: 2) partial melting along
a horizontal shear at the base of the American Plate; and 3) partial
melting of homogenous eclogite in the mantle of the subducted Juan De
Fuca Plate. These models were sketched by Murphy (1981). Snavely gt
al. (1873) noted that there were two major problems with all of the

above models: 1) they fail to account for the eruption of middle
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Miocene calc~alkaline volcanics of the of the western Cascade arc
between the two vent areas; and 2) they fail to explain how the
magmas could maintain their compositional uniformities during upward
ascent from the mantle to vent areas 500 kilometers apart.

The consanguineous nature of the "coastal basalts” and the
"plateau basaits" led Beeson gt al, (1979) to axamine alternative
models to those of Snavely gt al. (1973). The hyﬁothesis of Beeson
et al. (1979) is that the "coastal basalts® are axtensions of lava
flows erupted on the Columbia Plateau. The preseance of dikes and
sills is thought to be a conseguence of the interaction of thick
flows of dense basaltic magma with soft, less dense, water~saturated
marine sediments. Beeson gt _al. (1978) cited examples from Schmincke
(1964) and Byerly and Swanson (1978) of Columbia River Basalt Group
flows “invading” lacustrine and fluvial sediments in central
Washington. Schmincke (1964) states that Columbia River Basalt Group
flows,

"may invade downward into the sediments at various levels

in a smooth sill-like fashion with remarkably little

deformation of the sediments, or it may occur in irregular

forms, in dikes, lobes, or tongues of solid lava, as

autobreccia, or peperite. Sediment layers may be gently

lifted to the top of the basalt or may be bulldozed aside

and intermixed with the sediment”,

Beeson gt al. (1979) suggestad that the Columbia River Basalt Group
flows interacted with marine sediments in a similar manner, but on a
larger scale. The presence of dikes in thick seguences of submarine
basalt (e,g., as mapped at Saddle Mountain by Penoyer, 1977) could he
explained by local injection in the liquid basalt from lava interiors

into shrinkage joints of cooled margins (autoinvasive intrusions),

Beeson gt al, (1979) cited the following as evidence supportive



of the "invasive hypothesis®: l) the inadequacy of the petrogenetic
models of Snavely et al. (1973); 2) the fact that the "coastal
basalts" are present only at the terminus of the “plateau flows”
(fig. 10l); 3) the association of coastal intrusions with deltaic and
shallow marine soft strata: 4) the absence of consistent dike
orientation, indicating an absence of structural control; and §)
geophysical studies indicating that the coastal dikes do not extend
tc great depths.

Recent studies of the “"coastal basalts" in Clatsop County
by Murphy (1981), Rarey at al, (1983), Peterson (1384), Nelson
(1985), and this study have provided additional data that is relavent
to the origin of the "coastal basalts". Instead of the three coastal
petrologic types defined by Snavely &t a}l. (1973} seven different
petrologic types have been defined. These intrusive petrologic types
have been correlated to petrologically identical plateau derived
subaerial and submarine flows in northeastern Clatsop County and
appear to have been emplaced in the same saquence as the subaerial
flows (fig. 100). The subaerial flows in northeastern Clatsop County
can be physically tracéd through the Willamette Valley and onto
the Columbia Plateau (Murphy, 1981; Beeson et al., 1979).

Murphy (1381) mapped in detail one of the few areas where the
"plateau basalts” and the “coastal basalts" occur adjacent to one
another. Late Miocene uplift of the Oregon and Washington coast
ranges has resulted in erosion of this contact zone in most areas.
Figure 102 is a cross section from Murphy (1881) through an area
where the two basalt groups overlap. Although Murphy (1881)

considered the the "coastal basalts" to have been locally erupted the
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geology of the overlap area is highly supportive of an 1nQasive
origin for the "coastal basalts". In this area subaerial flows of
Grande Ronde Basalt and Frenchman Springs Member grade westerly into
intc pillow lava deltas and eventually into dikes and sills
{fig. 122). The subaerial Grande Ronde Basalt flow in figure 102 is
chemically identical to and has the same polarity as the underlying
Depoe Bay Basalt (Tdb). The two units were differentiated by the
presence or absence of dikes. The same situation occurs between tha
Frenchman Springs Member (Tyfs) and the Cape Foulweather Basalt
(Tef). A local source for the Depoe Bay Basalt and the Cape
Foulweather Basalt would require an extraordinary set of
coincidences. Firstly, just enough lava would have to be erupted on
the Columbia Plateau to cause the subaerial flows to travel hundreds
of kilometers and yet stop right at the middle Miocene coastline.
Secondly, a chemically identical basalt would have to be erupted at
precisely the same time as the subaerial flow in the same spot where
the subaerial flow terminated. Such a scenario seems unrealistic.
Therefore, an invasive origin for the intrusions in Clatsop County
appears more likely.

Extensive parts of the Eocene Tillamook Volcanics have been
mapped in detail and no Miocene dikes have been observed intruding
them (this study: Wells et al., 1983: Mumford, in prep.: Safley, in
prep.,). Since the Tillamook Volcanics are on trend with other
Miocene dikes one would expect to find Miocane dikes withing the
Tillamook Volcanics if the Miocene dikes originated from an
underlying local coastal magma body.

Recent petrogenetic studies of the Columbia River Basalt
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Group oﬁ the Columbia Plateau indicate that the lavas were originally
derived from a mantle similar in isotopic composition to island arc
and oceanic island basalts of the North Pacific (Carlson et al.,
1981). This primary magma was then modified chemically and
isotopically by crystal fractionation and and assimilation of sialic
crustal rocks during transport through, or storage in, the
continental crust. Carlson gt al. (198l) concluded that the isotopic
data are inconsistent with a primordial mantle source suggested by
Snavely et al. (1373). Since interaction with continental crust with
the magma is apparently required to produce the isotopic ratios in
the Columbia River Basalt Group, it seems highly unlikely that
precisely the same fractionation and assimilation avents took
place 500 kilometers apart at different vent areas. It seems
especially unlikely because the "coastal basalts” are underlain
by accreted oceanic crust.

In conclhsion, it can be stated that the vast majority of recent
data support the invasive hypothesis of Beeson gt _al., (1879). There
are, however, several recent geologic observations that contradict
statements made by Beesor gt al. (1879), Studies of subsurface data
(from exploration wells) in Clatsop County show that “"coastal basalt*®
intrusions occur at depths exceeding 5,000 feet, some intrude
“indurated" upper Eocene sedimentary rocks, and the intrusions may
show reversed stratigraphic order (i.e,, some Grande Ronde sills are
at shallower depths than younger Frenchman Springs sills) (Olbinski,
1983; Peterson, 1884; this study: Martin et al., in press) (see
fig. 66 and plate III). Although nearly every intrusion mapped at

the surface intrude Oligocene to Miocene sedimentary rocks, a feuw
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dikes and sills intrude Eocene (upper Narizian) sedimentary rocks.
In the thesis area, Pomona Member petrologic type sills intrude the
Eocene Sweet Home Creek member at thres localities including one
(sample G17) that appears to intrude beneath the upper Eocene Cole
Mountain basdlt (plate I)., Beeson et al. (1979) suggested that the
Miocene sills were all emplaced at shallow depths and restricted to
the Oligocene through Miocene sedimentary units in northwest Oregon.

Beeson at al. (1979) stated that there was no apparent

structural alignment of the Miocene dikes. Recent studies in Clatsop
County however, do show that three major dikes and many minor dikes
have a preferential northeastward orientation indicating structural
control of emplacememt (Olbinski, 1983; Peterson, 1384; Nelson, 1985;
this study). Data from seismic sections through the northern
portion of the thesis area and data from the CZ 11-28 well adjacent
to the thesis area, however, indicate that the structural control is
shallow rooted as the dikes are apparently sourced from underlying

sills which intrude Refugian-aged strata.

Discussion

Data from this study and from other recent studies strongly
support the invasive origin for the Miocene basalts of coastal
Oragon and coastal Washington. However, the mechanics of invasion
are poorly understood. As with other hypotheses that invoke
large-scale mechanics (e.g., plate tectonics) the invasive hypothesis
of Beeson et al. (1979) has been slow to gain acceptance 1n'the

geologic community. It is the contention of this report that the
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invasive hypcthesis of Beeson et al. (13879) is the most logical and
that the models of Snavely et al. (1973} are unrealistic.

Snavely et al. (1373) noted that more than 3@ major petrologic
units were srupted on the Columbia Plateauu and suggested that
because of baszsin configurations and volumes of erupted lava, only six
of these major getrologic units flowed into western Oregon and
western Washington. Coincidentally, four of these major petrologic
types were erupted at the same time, in the same sequence, at the
terminus of the plateau~derived flows. This coincidence was
explained by the presence of an extensive magma chamber feeding both
areas. This does not, however, explain the absence of crustal
contamination between the two vent afeas or thé reason why the only
petrologic types erupted on the coast happen to correspond to the feauw
subaerial flows that reached western Oregon and southwestern
Washington. The extraordinary number of coincidences required by the
local eruption hypothesis of Snavely et al. (1873) makes it
untenable.

The general scenario of Beeson gt al. (1379) is, however,'a
logical conseguence of extraordinarily voluminous outpourings of
lava adjacent to a continental margin. When huge flows, hundreds
of times more voluminous than anv historical flows, follow drainage
systems into the ocean they might bé expected to form thick piles of
pillow basalt and breccia which may prograde far out onto the
continental shel in a manner similar to fluvial deltas, Schmincke
(1S64) and Byerly and Swanson (13878) have shown that when fluid
Columbia River Basalt flows came in contact with water and soft

sediments, pillow basalts, hyaloclastites, and invasive dikes and
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sills formed locally. These same features should be expected where
subaerial flows encountered the marine anvironment. It should also
be expected that subaerial flows would have the same chemistry and
magnetostratigraphy as the invasive dikes and sills.

‘Unexpected” geologic features of the coastal basalts include
deep intrusions into older sedimentary rocks, a structural alignment
of some dikes, and local eruption features such as ring dikes. Deep
Sea Drilling Project studies have shown that marine sediments can he
poorly consolidated at great depths (g.,q, 1000 m) below tha sea
floor (g2.,9., leg 63 D.5.0.P., Niem, pers. comm,, 1985). This coupled
with the high density contrast between molten basaltic lava (2.7
g/cm3) and water-saturated sediment (1.5-2 g/cm3) suggests that
it may be possible for density driven invasion to occur to great
depths.

The northeast structural alignment of shallow dikes and the
presence of eruptive features could be explained by a mechanism
analogous to injection of clastic dikes into overlying muddy
sediments. In the thesis area clastic dikes in the Keasey Formation
have a preferred northuesterly orientation. Other workers have noted
that overpressuring of sand or mud can result in dike emplacement and
the “"eruption" of mud or sand volcanoes (Reineck and Singh, 1980;
Walton and 0'Sullivan, 195@). If an invasive sill is overlain by a
rapidly forming pile of pillow basalts overpressuring would occur
that may result in "magma" being injected along prexisting structural
weaknesses, forming dikes. Some of these might reach the ocean floor
forming small, local eruptive centers like Haystack'Rock in western

Clatsop County (see Neel, 1976)
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Future Studies

Although nearly all the data support the invasive hypothesis of
Beeson et _al. (1379) thers at least two studies that should be done
before the origin of the "coastal basalts" can be "positively"”
determined. These are: 1) to further map the distribution of the
petrologic subunits and to evaluate, in detail, the relationships
between pillowed flows, breccias, and intrusions; and 2) to construct
theoretical models for the mechanism of invasion. Dr. Alan é. Niem
of Oregon State University is presenfly engaged in a detailed study
of the middle Miocene basaltic rocks in Clatsop County and their

relationship to the coeval Columbia River Basalt Group.



QUATERNARY DEPOSITS

Quaternary deposits in the thesis area have been divided
into three major units: 1} alluvial terrace gravel (Qtl and Qt2); 2)
undifferentiated recent alluvial and estuarine deposits (Qae); and 3)
rock fall/landslide deposits (Qls) (Plate I). With the exception of
landslide deposits significant thick Quaternary deposits are limited
to the southwest corner of the thesis area in the North Fork of the
Nehalem River Valley (fig. 1, plate l). Deposits in this area
consist of older alluvial terrace deposits and younger
undifferentiated alluvial and estuarine deposits. Terrace deposits
are 1=4 m thick and are composed primarily of poorly sorted rounded
Columbia River Basalt Group cobbles and boulders in a sandy éatrix
(fig. 193). Basalt cobbles appear to be locally derived from
adjacent eroded dikes and sills. FUpper Smuggler Cove formation
mudstone cobbles, which are locally derived, are rarely present in
the terrace deposits. The terraces are erosional (as opposed to
depositional terraces) and occur at two levels: one (Qtl)
approximately 7 m above present river level; and the other (Qt2)
approximately 15 m above present river level. Recent alluvial
deposits consist of poorly sorted, subangular to rounded basalt
cobbles, minor sand, and minor silt. Estuarine deposits are very
poorly exposed and consist of clay, peat, silt, and minor sand.

Mass movement deposits are ubiquitous throughout the thesis
area. Most deposits are related to soil creep and slumping of
sedimentary rock units. .Tilting of trees and slump scars evidence

these mass movement processes. Earthflow and slumping have resulted



Fig. 123. Quaternary alluvial terrace deposit (0Qtg2) overlying upper
Smuggler Cove formation (locality 504).
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in FormationAof several "sag ponds" (e.g, Soapstone lake) in the
west-central part of the thesis area (plate 1), Logging roads
cut into the sides of mudstone hills commonly display tension cracks
and are lccally destroyed by landsliding. Soil creep may destroy
logging roads underlain by volcanic rocks if road cuts are not
deep. Because of the ubiguitous nature of mass movement deposits, in
the thesis area only the larger "landslide" deposits have been mapped
on plate 1.

Alluvial terrace deposits in the thesis are probably correlative
to Pleistocena? marine terrace deposits mapped near Cannon Beach by
Neel (1976). Quaternary uplift of the Coast Range resulted in a
relative lowering of base level and probably caused renewed
downcutting and entrenchment of the North Fork.of the Nehalem
River. This river was able to ercde the well-indurated strata in
section 32 (T4N, RSW) more guickly. than Grassy Lake Craesk, a small
tributary. This resulted in knickpoint retreat of Grassy Lake Creek
from its confluence of the North Fork of the Nehalem River. The
Grassy Lake Creek knickpoint has retreated approximately 60 meters
and, because of the well-indurated upper Smuggler Cove formation
strata in this area, forms a waterfall (fig. 8@). The presence of
similar alluvial terraces adjacent to the shoreline and the
knickpoint retreat of Grassy lake Creek indicate that the thesis area
has been uplifted at least 12 meters, and probably much more, during

the Quaternary.
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STRUCTURAL GEOLOGY
Regional Structure

Paleomagnetic studies in the western Cordillera show that
large-scale rotation and translation of crustal blocks has cccurred
along the Pacific Margin since at least Jurassic time (Beck, 1980).
Simpson and Cox (1377) demonstrated as much as 7S of clockwise
rotation for the Oregon Coast Range (relative to the stable North
American craton) since the middle Eocene whereas Beck and Burr (1879)
and Wells and Coe (1985) determined significantly less rotation for
the Washington Coast Range during the same time interval
(approximately 22 ). Several models have been proposed to account
for the paleomagnetic rotations. These models include: 1) rigid
microplate rotation of the lower to middle Eocene QOregon Coast Range
oceanic plate during accretion to the North American continent
(Simpson and Cox, 1977);‘2) rigid plate rotation caused by asymmetric
back arc spreading (Simpson and Cox, 1977; Magill et al., 1981); 3)
small block rotation in a broad zone of right-lateral shear generated
by the relative northward motion of the Farallon plate (Beck, 1376,
1880); and 4) a combination of the ahove mechanisms (Magill st al.,
1881, 1982).

Post late middle Eocene rotations of the Oregon and Washington
Coast Ranges and Cascades are very similar whereas pre-late middle
Eocene rotations of the Oregon and Washington Coast Ranges are guite
different (Wells and Coe, 1885). This suggests that the Oregon and

Washington Coast Ranges were seperate oceanic fragments prior to
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accretion during the middle Eocene. The similar post-Eocene rotation
of the two regions has been interpreted as evidence for rigid
microplate rotation of the two areas after accretion (Magill gt al.,
1881). Wells and Coe (13985), however, have suggested that
post-Eocene rotations aﬁe, at least in part, a result of shear
coupling along transcurrent fault zones. In this model simple shear
is produced by partial coupling of the forearc region uiih the
obliguely subducting Farallon plate. The shear is taken up by
members of a&a conjugate secondary shear set (Riedel shears) which
rotate in response to the external shear couple. Asymmetric back arc
spreading (ji,a., Basin and Range extension) may have, however,
contributed to the observed post-Eocene rotations (Wells and Coe,
1385).

Wells and Coe (1985) suggestad that the post-Eocene structure of
southwest Washington consists of major northwest-trending
right-lateral faults and northwest to southeast—-trending R' (Riedel
shears) left~lateral faults. Such a fault pattern is consistent with
the shear coupling model of Freund (1374) according to Wells and Coe
(1985) (fig. 104). The pre-late Eocene structure of southwest
Washington is fairly complex consisting of broad folds and faults of
various orientations (Wells and Coe, 1985; Wells, 1981),

In Clatsop County, northwest Cregon, two major fault patterns
have been mapped: 1) an older seguence of east-west trending high
angle faults; and 2) a younger sequence of northeast- and
northuest-trending conjugate shears with oblique left-lateral and
obligue right-lateral motion respectively (e.a., Olbinski, 1983:

Peterson, 1984; Nelson, 1985; this study, Niem and Niem, in press),
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A few north-south faults are locally associated wifh the conjugate
system (QOlbinski, 1983; Peterson, 1384; Nelson, i985). These fault
systems are post middle Eocene, and for the most part, post-late
Eocene in age (Pstarson, 1984; Nelson, 1985).

Nelson (1885) in a palesomagnetic study using a spinner
magnetometer demonstrated that faulting of middle Miocene intrusions
in Clatsop County resulted in significant small block (<1 km2)
clockwise rotation (approx. 1l or greater). This indicates that at
least a part of the post-accretion tectonic rotation in northuest
Oregon is due to a distributed shear mechanism similar to that
proposed by Wells and Coe (198%) for southwest Washington.

The structure in northuest Oragon can be interpr-'eted to reflect
a shear coupling model. In this model the north-south and the
northuest~trending (approx. N 30 W) right-lateral faults would be the
primary expression of simple dextral shear and the northesast-trending
left~lateral faults and the east-west trending faults would bhe
sinistral R’ secondary shears that have accomodated the clockwise
rotations. This model would require the east-west trending faults to
have left-lateral motion or would require this faults to bhe older and
unrelated to the shear coupling. Nelson (1985) and Peterson (1884)
have suggested a model in which the east-west trending faults are
older and the northwuest- and the northeast-trending %aults represent
a conjugate system caused by north-south comprassion. This model
fits the structural pattern but does not adequately explain the
observed clockwise rotation of Miocene dikes.

To the south of the thesis area, in Tillamook County, a series

of northwest-irending faults (approx. N 45 W) has been mapped by
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Wells gt al. (1983), These faults may be R' left-lateral faults
(Wells and Coe, 1985)., It is also possible that some of these
northwest~trending faults with more northerly orientations (approx. N
25 W) are right lateral faults acting as the primary expression of
simple dextral shear. The presence of several major
north-south~trending faults offshore of northwest Oregon, as
suggested by Snavely gt al, (1973), could in part account for the
apparent rarity of these faults in Clatsop County. It should also be
noted that the fault pattern in the shear coupling models of Wells
and Coe (1985) and Freund (1974) consists primarily of northeast and
northuest oriented faults with north~south faults being relatively

rare (fig. 104),

Local Structurs

The thesis area is located in the forearc on the northwest flank
of the Coast Range uplift which is cored by Tillamook Volcanics and
Siletz River Volcanics (Wells and Peck, 1361). Strata in the
thesis area have a regional dip of 3-15 to the northwest off of the
west flank of this uplift (Plate II). High-angle northeast- and
northwest-trending faulis and large east-west-trending faults locally
disrupt the regional dip (plate 1). The fault pattern in the thesis
area is similar to that noted to the north and east of the thesis
area by Olbinski (1983), Paterson (1984), Nelson (188S), and Niem and
Niem (in press).

Extreme ﬁorthwest Oregon has been divided into two basins. The

Astoria basin is located west of the Coast Range structural high
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(Nehalem arch); the Nehalem (or Willamette) basin is located east of
the high (Wells and Peck, 13961; Bruer et al., 1984; Paterson, 1984;
Armentrout and Suek, 1985; Neim and Niem, in press), The Coast Range
structural high has been defined as the present-day axis of uplift as
determined by gravity data. The thesis area is located to the west
of the axis of uplift in the Astoria basin. The degree to which the
Nehalem structural arch has been present through time, thereby
dividing the region into two distinct basins through time, is
debatable.

The uppar Narizian strata in northuwest Ofegon {Cowlitz Formation
and Hamlet formation) show some facias changes that can be correlated
with the structural arch. For example, Cowlitz Formation shelf
sandstones pinch cut into bathyal mudstones near but not precisely at
the structural arch axis (Qlbinski, 18983; Nalson, 1985; Niem and
Niem, in press) (Plate IV), Fauna from the Cowlitz Formation (Hamlet
formation correlative) east of the arch, however, show that open
marine conditions were present in the region (Yett, 1974; Jackson,
1983). Therefore, if the structural arch was present during the late
Narizian it was not large enough to cause restriction of normal
oceanic currents. Depositional evidence from the early Refugian
Sager Creek formation (Vesper Church formation of Olbinski, 1983)
indicates that there was not a structural arch affecting sea floor
topography during this part of the Refugian. The Sager Creek
formation submarine canyon head deposits cuts across the region of
the present day structural arch and is thickest over the present day
structural arch (Kadri, 1982; Olbinski, 1983; Rarey, 1384).

Therefore, in this writer's opinion, the present-day axis of the
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Coast Range structural arch differs in position, at least slightly,
from older structural axes in the region. In addition, it is
unlikely that a structural high has existed continuously in northuest
Oregon since the Narizian.

A number of well-documented faults occur in the thesis area but
because of thick veagetation and limited exposures it is not possible
to determine all of the structural fsatures present. Structural
features are more easily studied and recognized in the southern part
of the the thesis area because of better exposures and the presence
of thin sedimentary units (g,8., Roy Creek mamber) which can be used
to demonstrate stratigraphic separation.

Strikes and dips taken from mudstone-siltstone units in road
cuts have questionable regional structural significance. In addition
to the lack of distinct bedding planes in the thick mudstone units,
numerous intrusions, penecontiemporaneous deformation, and the
ubiguitous modern slumps contribute to a2 variable pattern of strike
and dip. The most reliable attitudes in the thesis area are from
stream bed exposures., Columbia River Basalt dikes have been used as
piercing points in mudstone units by previous workers in Clatsop
County (e.q., Olbinski, 1983; Nelson, 1985). Dikes in the thesis
area, on a local scale (j.,e., at individual exposures), are irregular
and frequently change orientation and vertical height. Some dikes
are fairly long and maintain a relatively constant orientation but
others are short and highly irregular (Plate I), Therafore, the

dikes should be used with caution as piercing points.



East-West Faults

Four major east-uwest trending faults have besen mapped in the
thesis area. These four faults have the largest separation and the
widest shear zones of all the faults mapped in the thesis area. The
east-west faults appear to be offset by a set of northwest- and
northesast-trending faults. These faults occur in the central and
southern parts of the thesis area and include Helloffa fault, Sods
Valley fault, Sweet Home fault, and Cole Mountain fault (fig. 105,
plate I)., All of these faults are high-angle normal separation
faults that show from approximately 6@ to 200 m of dip separation,
Strike separation is difficult to estimate due to a lack of
piercement siructures, Based on stratigraphic continuity strike
separation is definitely lass than 10 km and probably less than
several hundred meters. The sast-west faults juxtapose Tillamook
Volcanics against Keasey Formation, Hamlet formation, and Cole
Mountain basalt in the eastern part of the area and may involve
strata of the Smuggler Cove formation in the westsrn part of the
area. The faults in the thesis area have been correlated to faults
mapped to the east and to the west by Mumford (ip prep.) and by
Cressey (1874). The mapped lengths of these faults range from ! to
over 1@ km.

Helloffa fault parallels Helloffa Creek and Rector Ridge in the
extreme southern part of the thesis area. The fault plane is not
exposed but, based on existing exposures, can be limited to a very
small area in the Helloffa Creek valley. In section 1! (T3N, RSW)

the Roy Creek member shows approximately 20@ m of stratigraphic
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separation. Displacemant of strata shows that the fault ig probably
a high-angle normal fault. Helloffa fault can bhe traced westward
into a sequence of major east-west trending faults mapped by Cressy
(1374),

Gods Valley fault parallels Helloffa fault 2 km to the north,.
The fault plane is well exposed at locality 287 north of Rector Ridge
(fig. 198). At this location strata of the lower Jewall mamber are
faulted against older upthrown Tillamook Volcanics. The brecciated
fault zone is approximately 1@ m wide and consists of intarmixed
tuffaceous gouge and angular basaltic clasts., The fault plane at
this locality dips 789 to the north. Slickensidss are common and
indicate that last motion on the fault was obligue slip (slickensides
plunge 15 to the west)., "Steps"” on the slickensides suggest that
last motion was left~lateral., The downfaulted Jeuell member
mudstones dip as much as 80 to the north adjacent to the fault
plane. Differential erosion of mudstones and volcanic rocks has
resulted in exhumation of the fault plane along Rector Ridge (plate
I), Several smaller subsidiary east-west faults closely parallel .
Gods Valley fault (fig. 105).

Gads Valley fault can be traced eastward into the thesis area of
Mumford (in prep.) where well exposed fault breccias (approx. 5 feet
thick) occur in the Tillamook Volcanics. This correlative fault zone
also has subhorizontal slickensides. Data from this study and from
Niem and Niem (in press) indicate that the Gods Valley fault can be
traced westward into to a major east-west trending oblique slip fault
mapped by Cressy (1974). On the north flank of Rock Mountain (south

of Angora Peak), the fault zone displaces middle Miocene basalts and
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Fig. 1@6. Exposure of Gods Valley fault (locality 827, NW 1/4 NW 1/4
sec. 32, T4N, RBW). Brecciated Tillamook Volcanics are
faulted against lower Jewell member mudstones. Fault
plane is nearly vertical and contains subhorizontal
slickenslides.
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middle Miocene Astoria Formation. The fault appears to have
left-lateral separation. Northwest-trending folds mapped in Miocene
Astoria Formation adjacent to the fault éetween Rock Mountain and
Angcra Peak may be en achelon folds produced by left-lateral motion
in the late Miocena (Niem, pers. comm., 1385).

The Swe=t Home Creek fault shows less separation (approximately
B0 m of dip separation) than ths other east~west faults mapped in the
thesis area, Th; fault pl;na is exposed in SQaet Home Creek
(locality 626 uhere Suest Hona Creek mudstones are downfaulted

against Tillanook Uolcanics. The fault z?ne at this locality is
approxxmately 2 m uide. ’ o

The Cole Hountain fault, located in the central part of the
thesis area, shaws approx;nately 206 m of vertxcal strat;graphxc
separation. The best evidence for this fault is the apparant
displacement of the Cole Mountajn basalt-Keasey Formation contact in
the west and the>ﬁres§nce of an upthrown block of Tillamook Volcaﬁics
to the east (Plate 1), Fault plane breccia (2 m wide) is exposed in
the North Fork of the Nehalem River (locality S568) where Tillamook
Volcanics and Roy Creek member are faulted against Sweet Home Creek
member. The Cole Mountain fault can be traced eastward into the
thesis areas of Mumford (in prep.) and Safley (in prep.) (named
Quartz Creek fault in this area) where the sense of vertical
displacement is opposite. This indicates that the fault has
significant strike-slip displaceament. The fault shows up as a
distinct lineament on SLAR and U-2 high altitude imagery. Niem and
Niem (in press) show the fault ending at the unconformity between the

Smuggler Cove formation and the Angora Peak member of the Astoria
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Formation, the west of the thesis area. This suggests that the

faulit was not active after the Oligocene.

Northwest- and Northeast-Trending Faults

Five major northwest-trending faults (faults A-F) and three
major northeast-trending faults (fsults 1-3) have been mapped in the
thesis area (fig., 105). These faults show both strike separation and
dip separation., Dip separations range from several meters (fault F)
to over 8@ m (fault 1). Strike separations, where faults appear to
offset middle Miocene dikes (faults B and F), are approximately 200
m. Slickensides associated with the northuest-irending faults (e.g,
locality 398) are horizontal t{o subhorizontal. Because of this, the
faults are thought to be primarily strike-slip although there uas
more than likely a component of dip=-slip. Northeast~trending faults
appear to be primarily left-lateral, and northwest-trending faults
appear to be primarily right-lateral. This is based on apparent
offset of middle Miocene dikes and other faults. Locally "steps” on
the slickensides also suggest the above motions. Brecciated fault
zones associated with the these faults, where exposed, are generally
less than 2 m wide. The northwest~ and northeast-trending faults
in the thesis area appear to have less total motion than the
east-west faults based on thiner fault zones, shorter lengths, and
less dip separation.

The fault plane of fault A is well exposed at a guarry in the
southern part of the thesis area (locality 398) (fig. 107). The

fault plane is nearly vertical and contains well-developed



E~xposure of high-angle northwest-trending fault (locality
398, SW 1/4 SE 1/4 sec. 8, T3N, R3W). Tillamook Wolcanics
and overlying Roy Creek member (left) are faulted against
Sweet Home member (right).
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subnorizontal (plunge 15 northwest) slickensides. "“Steps" on these
slickensides are inconclusive as to sense of motion. Tillamook
UVolcanics and Roy Creek member are upfaulted against Sweet Home Creek
mudstone at this locality. Approximately 3@ m of dip separation
occurs, Fault B is on trend with the linear valley of Grassy Lake
Creek to the northwuest of the thesis area. Niem and Niem (in press)
have mapped the Grassy Lake Creek lineament as a major fault based on
juxtaposition of Miocene Angora Peak member sandstones against
Cligocene upper Smuggler Cove formation mudstones.

The northwest- and northeast~trending faults mapped in the
thesis area are, in general, well documented., Exceptions to this
include fault 2, which was mapped on the basis of a linear valley and
apparent offset of mudstone units, and fault F, which was mapped on
the basis of a linear valley and the apparent right-lateral offsat of
middle Miocene dikes. Fault | was mapped on the basis of offset
middle Miocene sills and because of appareqt juxtaposition of ball
park unit sandstones against upper Smuggler Cove formation mudstones
(Plate 1). Much of the fault plane is, however, covered by

Quaternary alluvial and estuarine deposits.

Basalt Dikes

Middle Miocene Columbia River basalt dices in thesis area show a
preferential northeast orientation (fig. 104). These dikes were
probably emplaced along pre-existing structures. Olbinski (1983),
Peterson, (1984), and Nelson (1885) noted a similar relationship

between Miocene dikes and northeast-trending faults to the north and
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east of the thesis area. Stereonet s—-pole plots of fault and
intrusion orientations measured or estimated in the thesis ared
indicate some parallelism (fig. 128). The s-pole plot of faults and
small shears indicates that the majority strike northwest with some
striking northeast and dip steeply and that the majority of
intrusions strike northeast and dip steeply.

Wilcox @t al. (1873) noted that an echelon tension "fractures"
commonly develop in areas undergoing horizontal shear stress in
"wrench tectonic” settings. If the shear is a north-south
right-lateral shear, as is thought to occur along the Pacific Margin
(Beck, 1980: Wells and Coe, 1985), the tension fractures can be
theoretically expected to have a northeast orientation. Héyl et
al. (1985) mapped a segquence of short mafic dikes and parallel
faults, similar to those in the thesis area, emplaced in tension
fracture zones. Therefore, it is possible that the Miocene dikes in
the thesis area were emplaced along gn _echelon "tension fracture
zones"' that developed in response to a north-south right~lateral
shear.

A late Eocene Cole Mountain basalt dike, located in the
east-central part of the thesis area, has an east-west orientation
(fig. 10%S). fhe dike parallels the major esast-west faults in the
southern portion of the thesis area. Cole Mountain dikes also tend
to subparallel major east-west faults to the sast of the thesis area
(Safley, in prep., this study’). This suggests that the late Eocené

dikes were emplaced along pre-existing late Eocene east-wuest faults.
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Fig. 108: Stereonet plot of poles to planes representing
dikes and faults in the thesis area,
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Lineations

Low altitude air photos, U-2 high altitude air photos, Landsat
imagery, and side looking airborne radar (SLAR) imagery were examined
for lineations in the thesis area. Faint lineations occur algng the
Little North Fork of the Nehalem River, and along the North Fork of
the Nehalem River in the southwestern portion of the thesis area.

Faults F and !, respectively, roughly correspond to these lineations.

Age of Faulting

The east-west-trending faults in the thesis area are,
apparently, older than the northeast- and northwest-trehding faults.
This is evidenced by the apparent offsatting of the east-west
faults by the northwest- and northeast-trending faults (fig. 102,
FPlate 1). Late Eocene Cole Mountain basalt dikes parallel east-west
faults suggesting that this faulting style preceeded or was active
during emplacement of the dikes, Some east-west faults can be traced
west into Cressy’s (1974) and Smith's (1975) thesis areas where these
faults truncgte middle Miocene dikes (see Niem and Niem, in press).
Cole Mountain fault, however, appears to die at the Oligocene-Miocene
unconformity to the west. Therefore, activity on the faults occurred
during the late Eocene and during the Miocene. The long period of
faulting indicates that reactivation of some faults occurred. The
east-west faults do not truncate Quaternary alluvial terraces in the
North Fork of the Nehalem River Valley (Plate I).

Northwest- and northeast-trending conjugate faults were active
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during the middle to late Miocene as evidenced by emplacement of
middle Miocene dikes parallel to the faulis and by offset of these
dikes by the conjugate faults. Quaternary alluvial terraces are not
cut by these faults indicating that activity on the faults had ceased
By tne end of the Pliocene or possibly by the end of the Miocene.
Previous workars in Clatsop County have suggested that the northuwest
and northeast faults were actiwe during the middle to late Miocene
and are somewhat younger than the east-west faults (Olbinski, 1883;
Peterson, 1984; Nelson, 198S5). Pavlis and Bruhn (1983) have
suggested that major uplift of the Coast Range forearc ridge occurred
during the middle to late Miocene. Therefore, activity on the
conjugate fault system was apparently contemporaneous with uplift.of

the Oregon Coast Ranga.
Discussion

Wells and Coe (1985) noted that, "the fault pattern in southwest
Washington is complex and subject to interpretation because of poor
exposures”", The same can be said for northwest Oregon.

The structure in northwest Oregon can be interpreted in a
similar way as the post-Eocene structure of southwest Washington
(see Wells and Coe, 1985), The areas have similar faulting patterns
and are located in adjacent forearc tectonic settings.. The major
differences are that in northwest Oregon there are several major
east-west faults and an apparent absence of major northwest-trending
R’ left-lataral faults. In addition, north-south to

northwest-trending right-lateral faults (primary transcurrent faults
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of Wells and Coe, 19€E) are relatively rare and tend to show less
displacement in northwest Oregon than in southwest Washington. The
east-west faults can be explained by the shear coupling model if they
have lefi-lateral slip. The large amount of dip separation on these
faults could be explained by an initial episode of late Eocesne to
Oligocene dip-slip faulting and a later Miocene reactivation as R’
shear., It is possible ithat some -of the northuwest-trending faults in
northwest Oregon (including those in the thesis area) mapped as
right-lateral, because of poor exposure, are actually left-lateral.
Nelson (1985) suggested that some of the structure in northuwest
Oregon could be related to wrench tectonics. The east-west faults
mapped in the thesis area have some features similar to wrench faults
in so far as they apparently have strike slip displacement and have
"associated faults"., The east-west faults in the thesis area do,
however, differ from classical wrench fault systems described by
Wilcox gt al. (1973) in a number of significant ways: 1) by
definition wrench faults have 1@'s of kilometers of strike slip
displacement whereas the east-west faults in the thesis area have a
maximum- strike slip displacement of less than 10 kilometers and
a probable displacement of several hundred to a thousand meters; 2)
although the =ast-west faults mapped in the thesis area can be traced
a fair distance (1-15km, see Niem and Niem, in press) they are
shorter than wrench faults described by Wilcox &t al, (13973); 3) the
presence of late Eocene to Miocene east-west oriented wrench faults
cannot be easily explained by the regional tectonic setting of
northwest Oregon; 4) there are no associated structﬁral wrench basins

(e.g. pull apart basins) in the region as is evidenced by a lack of
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abnormally thick stratigraphic sections in the vicinity of the
east-west faults; S5) although the east-west faults are apparently the
major faults in the thesis area, adjacent to the thesis area
northwest-trending faults with similar or greater displacement have
been mapped (g.q. Gales Craeek fault of Jackson, 1983 and Green
Mountain fault of Timmons, 1981}): and B)> classical well developed en
echelon structures are not associated with the east-west faults in
the thesis area. The northwest- and northeast-trending faults in the
thesis area differ from gn echelon faults associated with
throughgoing.wrench faults described by Wilcox gt al, (1873). The gn
echelon faults form at relatively low angles (e.g, 25 ) to the wrench
fault and stop at the wrench fault whereas the northwest and
northeast faults in the thesis area form at relatively high angles
(e,Q. 50 ) to the east-west faults and truncate the faults. This
truncation is significant in that by definition wrench faults are
major throughgoing structures. Therefore, it is this authors
opinion that it would be inproper to call the sast-west faults in the
thesis area wranch faults and to interpret associated structures in
terms of classical wrench tectonics.

In conclusion, the structural features observed in northwuest
Oregon and in the thesis area could have been produced by a shear
couple similar to that proposed by Wells and Coe (1985) for southwest
Washington. An early episode of movement on the east-west faults is,
however, probably unrelated to shear coupling. Shear coupling could
also have produced much of the post~Eocene tectonic rotation ohserved
in northwest Oregon. However, it is possible that other mechanisms

and different stress regimes contributed to or caused the structural
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- features observed in the thesis arsa. The major problem with the
shear coupling model is that it does not properly address the
tectonics associated with uplift of the Oregon and Washington coast
ranges forearc ridge, which is the major post Eocene structural event
in the region. For example, if uplift of the forearc ridge is
related to deep seated flow, as suggested by Pauvlis and Bruhn
(1383), then the regional stress regime would be significantly
modified from that interpreted by Wells and Coe (1985). Another
problem with the shear coupling model is that it does not adeguately
explain all movement on the major east-west faults in the thesis
area., It is clear that a more detailed regional structural analysis

of northwest is needed.
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GEOPHYSICS

Introduction

Gravity data, aeromagnetic data, ground-based proton precassion
magnetometer traverses (appendix 14), electric and sonic logs from a
gas exploration weli (Plate IV), and seismic lines across the
northern part of the thesis area were used as an aid in surface and

subsurface mapping.

Gravity Data

A Bouguer gravity anomaly map drawn by Finn at al.(1384) shous
that the thesis area is located on the northwest flank of the Coast
Range gravity high (fig. 189). The presence of a gravity high in the
southeastern corner of the thesis area and a gentle downward gradient
to the northwest is consistant with the.geology mapped in the thesis
area. That is, gravity values are highest where the Tillamook
Volcanics crop out in the southeast corner of the study area. Values
decrease gradually northuestward as the thickness of sedimentary
rocks that overlie the Tillamook Volcanics increases. The grav;ty
gradient is primarily controlled by the dense, northwasterly dipping
Tillamook Volcanics and underlying basement rocks. A distinctive
peninsula-shaped high in the northern part of the thesis arsa may
reflect an uplifted basement block of Tillamook Volcanics or an
abnormally thick succession of middle Miocene intrusive basalts. It
should, however, be kept in mind that the peninsula shaped anomaly

was contoured on the basis of one gravity measurement and, therefore,
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Bouguer gravity anomaly map showing the location of the
thesis area and the localtion of the Coast Range gravity
“high. Contour interval is 2 milligals. G6ravity stations
are marked (X)(modified from Finn gt a}l., 1984).
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the contours could be drawn in manyvdifferent ways. Snavely
(pers. comm, to Niem, 1983) has suggested that the relatively steep
gravity gradient to the southwest of the thesis area may be
reflecting a large northeast-trending basement fault. It is,
however, this authors opinion that this steep downward gradient is
primarily a result of more steeply dipping volcanic "basement’ rocks
(e.g. Tillamook Volcanics) and a thinning of the Tillamook Volcanics
to the west at the flanks of the volcanic island complex. Regional
mapping shows that the Tillamook Volcanics dip steeply to the west in’
the vicinity of the steep gravity gradient. Niem and Niem, in press
and Wells et gl. (1983) did not map any major faults paralleling the
gradient. In the southwest corner of the thesis area a fault was
mapped along the gradient in the North Fork of the Nehalem River
Valley (Plate 1). This fault does not have sufficient displacement,
at least in the Miocene strata, to cause the ohserved gravity
gradient. In summary, Finn et _al. had énly three gravity stations in
the thesis area (fig. 109) and, therefore, gravity data are
insufficient to delineate secondary structural features (ji.e.,

faults).

Aeromagnetic Data

Aeromagnetic data from the U.S., Geological Survey (open file
report 84-20S5) was availahle for the northern part of the thesis

area (fig. 118). The outcropping Tillamook Uolcanics form a cluster
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of magnetic highs to the east of the thesis area and middle Miocene
basalt sequences form magnetic highs and lows to the north and wast
of the thesis area (fig. [1@). The two magnetic anomalies north of
the thesis area correspond to Saddle Mountain and Humbug Mountain
which consist of more than 1500 feet of submarine middle Miocene
basalt. The magnetic data indicate that Humbug Mountain is raversely
polarized and that Saddle Mountain is normally polarized. Niem
(pers, comm., 1985), however, has obtained Miocene basalt samples
from Humbug Mountain which have normal polarities using a fluxgate
magnetometer. As part of this thesis a reversely polérized low
MgO-high Ti02 Grande Ronde Basalt dike has been mapped in the
northeast corner of the thésis area, This dike can be mapped intg
Humbug Mountain. Regional studies (e,g. Peterson, 1384: Nelson,
18985) have shown that low MgO-low Ti02 dikes have a reverse
polarity., The shove data coupled with ?he large magnetic low on
figure 196 indicate that either Humbug Mountain and the area beneath
it consists of both normally and reversely polarized basalts or that
the fluxgate data are unreliable and that it consists almost entirely
of reversely polarized basalts. It is extremely unlikely that the
large negative anomaly is caused by an unusually thick stratigraphic
sequence,

Within the thesis area a gentle downward gradient occcurs
from southeast to northwest. This gradient is primarily due to
the northwestward dipping Tillamook Volcanics. A 200 milligal
magnetic high in the northeastern corner of the thesis area is
probably due to the presence of several thick, normally polarized

Grande Ronde Basalt sills and/or the presence of upfaulted Tillamook



409

Volcanics in the subsurface. This same region shows up as a small
gravity high on the Bouguer gravity anomaly map of figure 105.
Surficial mapping, reflection seismic data, and well data indicate
that thick dikes and sills are present in this area. Seismic data is
not, however, available for the area dirasctly above the anomaly. The
10@ milligal magnetic low in the west-ceniral part of the thesis arza
is not easily explained. Diractly east of this low an uplifted block
of Cole Mountain basalt has been mapped. This suggests that either
the Cole Mountain hasalt in this area is raversely polarized or has
a weak remnant magnetism. A weak normal remnant magnetism is
indicated by fluxgate magnetometer data (see Cole Mountain basalt
section). The presence of reversely polarized Tillamook Volcanics
beneath the Cole Mountain basalt would also explain the magnetic
low. Another explanation is that the Hamlet formation mudstones are
unusually thick in this area. Well data (Plate III), however,
suggests that the Hamlet formation is relatively thin in this area.
The presence of a relatively gentle gravity gradient in the area
argues against any major changes in stratigraphic thickness.

Relatively high (+20@ gammas) magnetic contours project into the
southwestern part of the thesis area. The presence of very thick (>
5@ m), normal polarity Grande Ronde Basalt sills in thié area is a

likely cause of the magnetic high.
Proton Pracession Magnetometer Traversas

Fourteen proton precession magnetometer travarses wers made

within the thesis area to help delineate faults and to project dikes
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and sills in the subsurface. In addition to these traverses a number
of measurements were taken from areas were the underlying lithology
was positively known. This was done to determine typical responseS
of lithologies. The spacing between magnetic field measurements on
traverses ranged from 1| to 4 meters depending on the langth of the
traverse. 0On most traverses more than 1QQ magnetic field
measurements were made.

Seven traverses were made across areas where Columbia’River
Basalt Group basalts were thought to intrude mudstones (traverses
A-E). These traverses are characterized by a relatively flat profile
over mudstone and a positive 100-20Q0 gamma anomaly over basalt
intrusions. The_majarity of Grande Ronde basalt intrusives in the
thesis area have a normal polarity. In most cases it was possible to
delineate the position of an intrusion based on magnetic
profiles., Where this was not possibles lithologies have bheen
querried in appendix 14.

Seven traverses were made across areas where Tillamook Uolcanics
and Cole Mountain basalt are in contact with sedimentary rocks
(profiles F-L, appendix 14). The Tillamook Volcanics are
characterized by rapidly fluctuating magnetic readings (100-50@ gamma
anomalies) whereas mudstones have a relatively flat magnetic
profile. Tillamook Volcanics consist of both normally and reversely
polarized flows but the fluctuation in magnetic readings is too
closely spaced to be reflecting the polarity changes. Fluctuations
are probably due to changes in magnetic properties from the base to
the top of flows.

Traverses across projections of Sods Valley fault (profilas
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6,J, adn L) show a well defined magnetic break where the fault had
been mapped. Traverse L was made across Gods Valley fault in an area
where Tillamook Volcanics have been faulted against Cole Mountain
basalt. On this profile the break is less distinctive because of the
similar magnetic signatures of the two basalt units. Two traverses
were made across projections of Helloffa fault where Tillamook
Volcanics have been upfaulted against sandstones and mudstones of tha
Hamlet formation (profiles H and I). Distinctive magnetic breaks
occur where the fault had been mapped. Two profiles crossed aresas
underlain by Roy Creek member sandstone and conglomerate (profilas H
and K). On both of these profiles, there is a strong suggestion of
an "upthrown" block of Tillamook Volcanics in the Roy Creek member
section. This could be caused either by faulting or by the presence

of an errosional remnant of Tillamook Volcanics (i,es., "sea stack").
‘Well Data

Electric logs, sonic logs, and well cuttings from the CZ 11-28
well, located three kilometers to the west of the thesis area, were
examined and interpreted (plate III)., The well data were then used
as an aid in cénstructing cross sections (plate II). Martin gt
al. (1985) used the interpreted well section of this report in a
regional well correlation project of Clatsop County. Gamma ray
and sp (self potential) curves show that the well encounteread
primarily mudstones and 6ccasional volcanic rocks. Sidewall coras
and cuttings were used to further refine interpratations.

Microfossil assemblages were collected and subsequently identified by
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Rau, McDougall, and Bukry (appendices 1 and 2). The microfossils
showed that the well encountered upper Narizian through'upper
Refugian bathyal sedimentary rocks. These sedimentary rocks were
assigned to the Hamlet, Keasey, and Smuggler Cove formations. Major
oxide analysis was used to determine the volcanic units sncountered
in the well. These analyses showed tHat the well bottomed in
Tillamook Volcanics and encountered three Grande Ronde Basalt sills
upsection. The absence of any significant reservoir sandstones in

this well explains why it was a dry hole.

Seismic Data

Seismic reflection lines which were run across the northern part
of the thesis were made available for examination. These seismic
sections were correlatad to the CZ 11-28 well and interpreted. ‘In
general, the seismic data are useful in defining sedimentary-basalt
sill contacts because of high acoustic impedience. Contacts between
sedimentary rocks could not be delineated on the seismic profiles.
Two important pieces of information were delineated from the seismic
data: 1) the the strata in the northerncpart of the thesis area dip
gently (2-6 ) to the northwest; and 2} a thick, rslatively continuous
series of Columhia River Basalt Group sills intrude the Refugian
Smuggler Cove formation and the Refugian Jewell member in the
northern part of the thesis area. The latter data is supportive of
an "invasive sill” origin for the Columbia River Basalts and is

useful in constraining models on the mechanics of invasion.
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GEOLOGIC HISTORY

The following geologic history is reconstructed from the rocks
in the thasis arsa and in surrounding areas. Oceanic island basalts
of the Siletz River Volcanics and the Crescent Formation were
accreted to the North American continent during the middle Eocene
(Wells et al., 1984), This resulted in a wesiward jump of the
subduction zone and a westward migration of the volcanic arc. A
thick seguence of bathyal turbidites and mudstones (Tyee, Yamhill,
and McIntosh Formations) was deposited over the accreted volcanic
rocks in a developing forearc basin (Wells et al.,1384).

In northwest Oregon a thick seguence of late middle Eocene
Qolcanic rocks (Tillamook Volcanics) was erupted in the developing
forearc forming a large-island complex (fig. llla). These volcanic
rocks constitute the oldest unit exposed .in the thesis area.
Chemical -data suggest that the Tillamook Volcanmics constitute an
extensional suite formed in a spreading-center island tectonic
environment.

Cessation of Tillamook volcanism resulted in rapid thermal
subsidence and sea level transgression (fig. 111b)., DQuring this time
the Narizian basaltic conglomerates and basaltic sandstones of the
Roy Creak member were deposited in nearsnore high energy conditions
in the thesis area, but as transgression continued to the east,
arkosic detritus from the continent mixed with the basaltic detritus
(fig. 1lle). Bathyal mudstones of the Sweet Home Creek member were
deposited above the sandstones (fig. 1l1lld).

Sea level regression during the late Narizian (late Eocene)
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Fig. 1l11. Paleogsographic maps of northuest Oregon and southuest
Washington for the middle Eocene to late Miocene, The
thesis area is located at Hamlet on these maps.
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resulted in deposition of & thick saquence of nearshore to shelf
arkosic sandstones (Cowlitz Formation) east of the thesis area
(fig. llle)., Time-correlative outer shelf to upper slope mudstonas
of the upper Sweet Mome Creek member were deposited in the thesis
area,

Local Submarine eruption and intrusion of Cole Mountain basalts
in the Hamlet-Jewell area followed deposition of the Sweet Home Creek
member, Correlative calk-alkaline, subaerial and submarine basalts
of the type Goble Volcanics were erupted to the east.

A thick seguence of Refugian outer shelf to bathyal tuffaceous
mudstones (Keasey Formation) was deposited in the forearc basin
unconformably over the Cole Mountain basalt, Hamlet formation, and
Cowlitz Formation in Clat;op and Columbia counties (fig, lllgJ). From
late Refugian (early Oligocene?) until early Saucesian (early
Miocene) a sequence of shallow-marine units was deposited east of the
thesis area in Columbia County (Pittsburg Bluff Formation and
Scappoose Formation)., The Smuggler Cove formation, David Douglas
tongue of the Pittsburg Bluff Formation, and the Northrup Creek
formation mapped in the thesis area are time-correlative to the
shallow marine units, but were deposited'in deeper water (outer shelf
to middle slope) (fig. 11l h,i,j). The Cascade arc was active during
deposition of these units and supplied abundant tuffaceous detritus
to the forearc basin. An ancestral Columbia River, located east of
the thesis area, contributed lesser amounts of continentally arkosic
detritus to the basin.

Initial uplift of the Oregon and Washington Coast Ranges,

possibly due to desp-seated flow (Paulis and Bruhn, 1983), is
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reflected by the late Oligocene-early Miocene unconformity

(fig. 1l1lk?)., Early to middle Miocene, shallow-marine tc "deltaic",
sandstones and mudstones of the Astoria Formation unconformably
overlie the QOligocene to lower Miocene units in Clatsop County

(fig. 1111). Much of Columbia County was subaerially axposed during
at this time,

During the middle to late Miocene, flood basalts erupted on the
Columbia Plateau, flowad down an ancestral Columbia River gorge and
entered the marine environment near the Clatsop County-Columbia
County line (fig. lllm), These flows formed thick sequences of
submarine breccia in western Clatsop County (g2.,g., Saddle Mountain
and Humbug Mountain north of the thesis area)., Some of the dense
Easalt invaded the water-gaturated, semiconsolidated sediments as
well as moderatgly indurated rocks, forming dikes and sills.

Major uplift of the Coast Range forearc ridge began in the late
Miocene resulting in extensive erosion of rock units in the thesis
area. Thin deposits of alluvial gravel were deposited in the thesis
area during the Quaternary.

North-south compression and shear -caused by partial coupling of
the obliquely subducting Juan de Fuca plate to the North American
plate may have produced the numerous east-west trending,
northuest-trending, and northeast-trending high-angle conjugate
faults observed in the Eocene through Miocene strata of the thesis
area. An earlier episode of late Eocene faulting may have produced

the large east-west faults observed in the thesis area.
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Fig. 111. Paleogeographic maps continued.
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HYDROCARBON GEOLOGY

The discovery, in 13738, and develpoment of the Misi gas fiald,
located 35 kilometers to the east of the thesis area, demonstrated
the presence of commercial quantities of hydrocarbons in northuest
Oregon. As of January, 1985, the Mist field consisted of 16 wells
producing from 13 pools. Cumulative gas production for the field is
19,219,324 mcf (Armentrout and Suek, 18985). Reservoir sandstones in
the Mist area are in the middle to late Eocene Cowlitz Formaticn
which consist of very permeable micaceous arkosic sandstones
(Armentrout and Suek, 1985).

One of the purposes of this study was to delineate the
southwestward extent of the of the Cowlitz Formation reservoir
sandstones. Diamond Shamrock Corp. drilled an exploration well (CZ
11-28) 4 kilometers west of the thesis area with Cowlitz Formation
reservoir sandstone as the target. This dry well did not penetrate
any significant reservoir sandstone and bottomed out in Tillamook
Volcanics (plate III). Data from this study show that Cowlitz
Formation sandstones pinch out into bathyal mudstones of the Sueet
Home Creek member of the Hamlet formation before reaching the thesis
area. The pinch-out is located some 10 kilometers east of the theasis
area (plate IV),

Surficial mapping shows that sandstones compose a very small
part of the stratigraphic section in the thesis area. The only
sandstones are: basaltic sandstones of the Roy Creek member; small

arkosic sandstone channels in the Jewell member; tuffaceous
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sandstones of the Pittsburg Bluff Formation: thin arkosic sandstone
beds in the ball park unit in the Smuggler Cove formation; and
arkosic sandstones of the Astoria Formation.

The Jewell member and ball park unit sandstones are very thin
(<{2m) and contain abundant diagenetic clay matrix, A Smuggler Cove
formation (ball park unit) sandstone has a total porosity of 238.4%
and an effective porosity of 18.4% (Jill Schlaefer, pers. comm,,
1983), The permeability of this sample, as calculated by
experimentally derived equations, is low (0.12 m.d.; appendix 13).

Pittsburg Bluff Formation sandstones in the thesis area are very
fine-grained, moderately sorted, lithic rich, and contain abundant
volcanic glass, Because of this they have little porosity
(approx. 3%) and are probébly relatively impermeable. The Pittsburg
Bluff Formation in the thesis area is not an attractive reservoir
sandstone.

The only thick sandstone units in the thasis area are the Roy
Creek member of the Hamlet formation and the Angora RPeak member of
the Astoria Formation. Roy Creek member basaltic sandstones contain
abundant pore-filling chloritic cement. Because of the chloritic
pore-fill porosity has been reduced to several percent. Galloway
(1979) suggested, that once significant chloritic pore-fill develops
in a basaltic sandstone, the sandstone should no longer be considered
a viable reservoir.

Arkosic sandstones of the Angora Peak member of the Astoria
Formation are not present in the subsurface of the thesis area and,
therefore, cannot be considered a potantial reservoir in this area.

However, the deltaic to shallow marine Angora Feak member is
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considered to be a prime reservoir targat on the nearby inner
continental shelf (Snavely et al. 1979; Ccoper, 138l; Niem and Niem,
in press).

Bruer 2t 2l. (1884) and Armentrout and Suek (1985) have
described arkosic “"Yamhill sandstone” (or “"lower Cowlitz sandstone")
beneath the Tillamook Volcanics in the subsurface of the Mist
area. Data from this thesis suggest that the "Yamhill sandstone" is
correlative to the Cowlitz Formation sandstone mapped by Wells (1381)
beneath the Grays River area Goble Volcanics in southwest
Washington. This indicates that the sandstone may have a wide
distribution and may be present bheneath the Tillamook Volcanics in
the subsurface of the thesis area. The Tillamook Volcanics in this
region are greater than 2;000 m thick, making it very expensive to
test this hypothetical reservoir.

The northern part of the thesis area has been actively explored
for hydrocarbons as evidenced by seismic lines and nearby drilling
activity by Diamond Shamrock Corporation. Data from this study show
that significant reservoir sandstones do not occur in the subsurface
of the thesis area and, therefore, the area offers little potential
of hydrocarbon production. Mudstones in the thesis area are very
ductile and it is highly doubtful that they contain significant
fracture porosity.

Source rock geochemical analysis was performed on five mudstone
samples from the thesis area by AMOCO Production Company and the
University of British Columbia (appendix 13). Samples were collected
from fresh stream bed exposures of the Hamlet and Keasey formations

and from a "“coaly” bed in the ball park unit. Total organic carbon
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ranged ©.9-1.1% except for the "coaly" sample which probably
contained more than 35% organic matter. Carbonaceous sandstones in
the ball park unit may contain as much as 5% organic plant debris.

Vitrinite reflectance values ranged from 0.53-0.72% Ro. The
sample with 2.72% Ro is Jaswell mudstones collected near a thick
Columbia River Basalt sill. The relatively high Ro value (increased
thermal maturation) of this sample is probably due to baking by the
intrusion. The generation of the samples ranges from non-source to
marginal source, and they fall into the early gas to early peak gas
stage of diagenesis. Vitrinite reflectance values of the samples
fall above the gas window of Dow (1877) (fig. 112).

Armentrout and Suek (1385) have suggested that the gas in the
Mist field is thermogenic'in origin and migratéd into the field from
the north Willamette basin. Eocene mudstone samples from the thesis
area contain more total organic carbon and have higher vitrinite
reflectance values than Eocene mudstones sampled by Armentrout and
Suek (198%) (avg. 1% compared to average of 0.65%; @.53-0.58 compared
to <0.50% Ro). An additional factor to be considered in avaluating
the hydrocarbon-generating postential of the Astoria basin is the
abundance of intrusions (Niem and Niem, 13985). According to
Reverdatta and Melenevskii (1983), intrusion of numerous dikes and
sills into thermally immature mudstones can generate “significant”
amounts of thermogenic gas. The abundant Eocene and Miocene
intrusions in the thesis area and in adjacent areas may have
generated thermogenic gas in Clgtsop County. The volume of this gas
however, would tend to be relatiQely smal;. The possibility of

intrusion-generated thermogenic gas in conjuction with the marginal
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1977). Samples from the thesis aresa (Sweet Home Creek
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Smuggler Cove formation ) plot above and near the wet gas
and dry gas windows.
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generation capacity of non-baked mudstones in the thesis area
indicate that Eocene mudstones in the thesis area are potential
source rocks (or marginal ;ource rocks) for thermogenic gas.
Moderately abundant organic material throughout the stratigraphic
section indicates that biogenic gas could also be generatad.
Therefore, it is possible that mudstones in the Astoria "basin”
(including the thesis area) contributed thermogenic gas to Cowlit:
Formation reservoirs to the east.

As previously mentionad, Astoria Formation sandstones on the
inner continental shelf form a potential reservoir. The middle to
upper Eocene mudstones in the thesis area that were deposited in an
upper slope environment may project into middle to lower slope
mudstones offshore. Thesé mudstones would tend to be thicker and
would have undergone deeper burial than the mud;tones in the thesis
area. Therafore, they could have generatad significant thermogenic
gas and filled the overlying Astoria Formation reservoirs. The seal
for the Astoria reservoirs could be overlying unnamed upper Miocene
and Pliocene mudstones as shown on a geologic cross section of the

Oragon continental margin by Snavely et al. (198@).
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MINERAL AND CRUSHED ROCK RESQURCES

Basaltic rocks in northwest Oregon are frequently quarried for
road aggregate for use on local logging roads. The middle Miocene
Columbia River Basalt Group intrusions in the thesis area are
generally unweathered and hard and, therefore, make good road
aggregate. Many of the intrusions are relatively thick (> 10 m),
‘especially the thick sills, allowing for large volumes of rock to be
quarried. Several road aggregate quarries in Columbia River basalt
are present in the thesis area (plate 1), Future guarries could be
chosen on the basis of mapped extent of intrusions.

The Eocene Tillamook Volcanics are ﬁuch more voluminous than the
Miocene Columbia River‘BaSalts in the thesis area. The Tillamook
Uolcanics, however, consist of subaerial flows which contain
brecciated and vesiculated flow tops and have been moderately
weatherad. Therefore, the Tillamook Volcanics are of marginal
quality for road aggregate. The Cole Mountain baéalt is generally
well weathered and soft making it of little use for road aggregate.

Mumford (in prep.) and Safley (in prep.) have found a small
exploritory adit along the Quartz Creek- Cole Mountain fault zone
near Quartz Creek (lccated some 15 km east of the thesis area).
There does not, however, appear to have been any significant
mineralization other than pyrite in the Quartz Creek area. Within
the thesis area there are no signs of mining activity nor is there

any obvious evidence of potentially economic mineral deposits.
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APPENDIX 1:
CZ 11-28 Well

FOSSIL CHECKLIST

44E

SPECIES

LOCATION

L=/
(AR
DI

[y 1 Ra)

2116-0

[=/
[}

2116-10
2116-12

116-15
2116-17
2116-21

| 2116-24

2116-26

2116-29

2116-34

2116-40

Globocassidulina globosa

| Gvroidina condoni

d] T —

[Gvroidina soldanii

~oroidi ldanii oot :

[Gvroidina sp.

Haplophragmoid

Haolophragmoides og;igggggmgxa;a

Hoeglundina eocenica

Karreriella washinctonensis

Lagena hispida obliguicamerats

Lenticulina inornata

Lenticulina so.

Marginulina subbullata

Martinotiella cormunis

Melonis cf. M. s nii

Melonis sp. of McDougall

|Nodosaria delicata

Nodosaria hismida

|Nodosaria lonciscata

lodosaria ovrula
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cZ 11-287Ue1{_(c9nj.)
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I.OCAT‘ON Lo K] Pl il o] T

QO Of rt| »= OO NN Y

IRIBEIREIEIEIEI R R EE R 1§

Wit Sl wlwolvloiv] e

i}y - el Kol Ll -y

'SPECIES b R e e R
|_Sodosaria so.

idor natus

Orthomorphina rohri

Planulina markleyana

Planulina tolmani

Plectofrondicularia vackardi

Plectofrondicularia packardi

multilineata

| Praeglobobulimina pupoides

Praeglobobulimina sp.

Pseudenodosaria inflata

Pullenia bulloides

| Quinqueloculina imperialis

|_Saraceparia schencki
{omoil] n

i

hina

Stilostomella lepidula

Triloculi -

Trochamina globigeriniformis

| Ovigezrina cocoaensis svecies group |

Dvi i 2 "
Valyulineria jacksonensis




APPENDIX 1 (cont.)}
Hamlet formation
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SPECIES

LOCATION

SOIMIY A o
allamorphina triconia

R=-557

Ir-221
[r-338
n-548
R-562
R-564

R=¢0B
|r-612

TR=615

R-€20

JR=-621

R-£28
R-€29

R~2116-26
R-2116-29

R-2116-347
R=211F-40
Jr-558

Amphimorphina jenkins{i

2nomalina californiensis

3athysiphon eocenica

Boldia hodoei

Solivina huneri

|_3olivina marginata _

Bolivina -pisciformis

Bolivina scabrata

Aulimina microcostata

Caucasina schenki

Cibicides fortunatus

Cibicides natlandi

Cibicidina walli

Cibicides sp.

Cveclammina pacifica

Cvelammina japonica

Dentalina communis

Dentalina jacksonensis

Fissurina marginata

Pursenkoina bramletti

Globobulimina pacifica

Glohocassidulina globosa

2lorocassidulina margareta

Gvroidina condoni

Gvroidina soldannii

dyroidina soldannii odtocamerata

Haplophragmoides oblicuicamerata

Karreriella washingtonensis

Lenticulina budensis

Lenticulina chehalisensis

Lenticulina crassa

Lenticulina inornata

Lenticilina limbosus hockelvensis

?tenticulina rotulata

lenticulina sp.

Lenticulina welchi

Marcenulina subbullata

Nodosaria lonaiscata

Nodosaria pvrula

Nodnsaria sSp.

vonionella jacksonensis

Oridorsalis umbovatus

Orthomorphina rohri

Planulina tolmani

nlectofrondicularia minuta

Plectofrondicularia oreagonensis

plactofrondicularia packardi

olectofrondicutacria vaughani

rraeglobobulimina pupoides




APPENDIX 1 (cont.)
Hamlet formation (ccnt.)
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SPECIES

LOCATION | |

HQEFSLCNI‘O"
o e TR L ol 03
ol o Jele o el
Illltllllll
loix jx jxix jxjsE e

R~-628
R-€29

R-2116-26
R-2116-29

R-2116-34%
R-2116-40%

R-55€

|_Pseydonodosaria conica

pPseudonodosaria inflata

Pullenia salisburyi °

m~inqueloculina imperialis

Mruingueloculina weaveri

Rectobolivina sp.

<a naria hantkeni

Spiroloculina texana-

stilostomella aduena

Ttiloatomella lepidula

.Stilgsromelga ap.

Prifarina nannai

| valvulineria jacksonensis velcominsis

PLANRTIC FORAMINIFERA-Undifferentiated

Globigerina spp.

SORAMINIFPERA OCCURRING OMLY IN WELL SAMJ

cassidulina la a

Chilostomella ocolina

sHoeqlundina eocenica

Nodosaria hispida

Saracenaria schencki

Uvigerina cocoansis species group

Uvinerina garzaensis

DIATOMS

Coscinodiscus spp.

1zosalenla Spp.

Stephanopyxis spp.

sreghangg!xia turris

Resting snores

CPLCARFOUS NANNOFOSSILS*
Coccolithus formosus

Chiasmolithus solitus

cvclicargolithus floridanus

Discoaster

Reticulofenestra soO.

Reticulofenestra umbilica

Sphenolithus

MOLLUSKS

Scaphandrid gastropod

Delectopecten? (pelecypod)

OTHER

tchinoid spine

fish tooth

veqgafossil franments

Radiolarians

* Only representative

specieés are listed.



APPENDIX 1 (cont.)
Jewell mamber

LOCATION

SPECIES

R-5249

R-520
R-631

R-5233

Wi
™ N
wio
134
xie

2116-4
2116-¢

211€-10

2116-12

2116-15

2116-17
211€6-21
2116-24

FORAMINTFERA (Benthic, surface samples) |

Alabamina kernensis

Sathvsiphon *p.

3ulimina macilenta

Cibicidina walli

Cibicides elemanais

ovelamina pacifica

Cvelamina Sp.

2Furkenkoina bramletti

Clonobulimina pacifica

Gvrnidina condoni

Lenticulina sp.

Melonis sp. of McDougall {(1980)

Nodosaria longiscata

Nodosari pyrula

Plectofrondicularia packardi

sraeglohbobulimina Eiooi.des

pseydonodosaria inflata

Pulienia salishuryi

stilostomalls lepidula

Uvigerina cocoaensis species nroup

Uviaerina garzaensis

FLANKTIC FORAMINIFERA

Globigerina sp.

FORJMMINTFERA OCCURRING ONLY IN. WELL SAMJ

Aammodiscus incertus

Sathysiphon eocenicus

Solivina scabrata

3ulimina corrugatsa

sulimina sculptilus lacinata

Caucasina schencki

Ceratobulimina washburnei

chilostomella oolina

Cibicides fortunatus

Cibicides sp.

Ceontalina so,

Corthis sp.

tgasrella elonaata

5landulina laevigata

Globocassidulina globosa

Gvroidina soldanii

Haplophraamoides obligquacamerata

Xarreriella washinatonensis

Lanena hispida obliquicamerata

Martinotiella communis

Nodosaria delicata

Ncdosaria hispida

“odosaria sp.

Cridorsalis umbonatus

£lanulin> marhlevan2

7 lectafrondicularia oackardi multiling
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Jewell member (cont.
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SPECIES

LOCATION

R-%I8
Q=873
LEAX 4 |
R-§32
R-52&

23166
2116-1n

R-6%9 -

211%5-12
“23ie-10

2116-17

211€-21
2110-24

rrieqlohobulimina so.

q 211€-4

Pullenia bulloides

cuingueloculina imperialis

Siomclina” tenuis

Spiraplactammina tejonensis

Stilostomella adolphina

Trochamina globineriniformis

TIATO2S

Stephanooyxis sp.

Reating Spores

CALCAREQUS NANNOFQOSEILS®
araarudosphaera bigelowii

Dictyococcites scrippsae

pictyncoccites bisectus

1sthmolithus recurvus

Reticulofenestra sp.

qeticulofenestra umiilica

OTHER

frinoid fraoments

Fiah tooth

Geodites (fish ear homes)

Pittsburg Bluff

Formation

SPECIES

LOCATION

R-320
n-123
R-1200
R-1201

FOREMINIFERS (Renthic, surface samples)

Cibicides fortunatus

Cyclammina son.

Zlobocassidulina aglobosa

Gvroidina orbicularis

Melonis pompilioides?

flanulina rolmani

plectofrondicularis minuta

plectofrondicularia packardi

Tilecrtofrondicularia oregonensis

Praeglobobulimina cf. P, ovata?

Fseudoalandulina inflata?

Spiroloculina texana

stilostomella lecidula

= LANKTTC FORAMINTIFERA

Globigerina sor.

Cl~borotalia soo.

HMOLLUSRS

Tellinid pelecypad

Sastronods

Scaphopods




APPENDOIX 1| (cont.)
Smuggler Cove formation
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LOCATION

SPECIES

h-83-140,

FORAMINIFERA {Benthic, surface samples)

8314

R=40a
I-4Fn

o § e

R-F62 -
R-re1

T2116-1

7116-3
R-13
JR-22

SAMFLES WITH CNLY
MOLLUSKS PRESENT

Jr-33
[r-35
Ir-41

R=72
R=-98

n-151
n~-499

amodiscus cf. A. incertis
]

anomolina sp.

Bathysiphon sp.

Sglivina sp.

Chilostomella sp.

Cvclamina japonica

Cyclamina pacifica

Cyclamina sp.

Dentalina jacksonensis

Dentalina sp. A of Rau (1948)

Gvroidina orbicularis planata

Haplophragqmoides deflata

Haplophragmoides sp.

Hoeglundina eocenica

Karreriella washingtonensis

tenticulina cf. L, Yimbosus

Lenticulina inornatus

Martinotiella communis

Nod ina nsis

Nodosaria cf. N. pyrula

Nodosaria longiscata

Pseudoglandulina inflata

Paseudonodosaria conica

PYrao sSp.

Cuinqueloculina imperialis

Sismailina tenuis

PLANKTIC FCRAMINIFERA- *°

Clobigerina ap.

FORAMINIFERA OCCURRING ONLY IN WELL SAM

Alabamina kernensis

astigerina crassiformis

Solivina kleinpelli

Bolivina marginata

Bolivina scabrata

Bulimina macilenta

Cibicides sp.

Dentalina cooperensis

Dentalina sp.

Sagerella elongata

£acerella subconica

Fissurina marginata

Glomobulimina vacifica

Globocassidulina globosa

Gvrodina condoni

Gvrodina aff. 5. rosaformis

Gvrodina soldanii octocamerata

Cyrodina sp.

Lenticulina so.

Malonis cf., M, soldanii

»elonis sp. of McDougall
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APPENDIX I (cont.)
Smuggler Cove formation {cent.)

LOCATION

[-F W .
qlw _ ] MOLIUSKS PRESENT
Lot Rnd L2 il
AN EIRIL I LAl BN
mnco-suwwco(-«cmunm"c'
EITS 3 Ll bl V2 alf e lalmninte isicivle
SPECIES ca Bl B D D08 Ak R B8 21 )08 308 30N X B8 R R b
¢¢¢z¢.z.z~~¢¢¢m¢amé;

Nodosaria sp.
Plectofrondicularia oackardi
Stilostomella lepidulh
Triloculina sn.

Trochamina alob is
Uvicerina cocoasensis species group
Uviasrina garzaensis
valvulineria dacks sis
CALCAREOUS "NANNOFOSSILS
Braarudosphaera vigelowil
Dictvococeites hisectus
Isthmolithus recurvus
Reticulofensstra umbilica
~MOLLUSKS

PELECYPODS

Delectopecten?

relectovectan cf. D. khami ?
Limaria 8p.?

Macoma Sp.?

Undi fferentiated gglewoods

GASTROPODS

Turrinosvrinx cf. T. borzenae?
Germula cf. G. rockcreekensis?
Natacid?
Epitoniigd?
undifferentiated mastropords
SCAPHOPODS

fentalium sp.?




APPENDIX 2: AGE AND ENVIRONMENTAL DETERMINATIONS

CZ 11-28 Well

STRATIGRAPHIC UNIT

SAMPLE NO.

DEPTH (FEET)

FORAMINIFZRA DATA¢

CALC. NANNOFOSSIL

AGE ECOLOGY AGES
Lower Smuggler 2116-01 1050~-1080 %:;;VROSug:::a” Bathyatl Subzone CP-15bh
Cove fm. 2116-03 1290-1320 ¢ T
At i WP TY T 1410-1440 Refuglen
- - “Keasey fauna"
2116-06 1650-1680 ppper Ref. of Bathyal
Keasey Fm, 2116-10 2150-2160 McD. eand lower Prob. subzone CP15b
(Parts may be time | 2116-12 2390-2400 [\f+ Of McKeel)
| equiv, to Vesper) | 2116-15 2730-2740
- - . . « F 0 .
Jevell member 2116-17 2970-2980 Prob. lower Bethysl La. mid. Focre. Ollo
of Keasey Formation 2116-21 3450-3460 Rafugian
2116-24 3810-3820 Poss, Narizian| %athys
2116426 4050-4060 Narizian,prob. Proh. subzone CF14b
tiamlet formation . ! Sathyal "
2116-29 4410-4420 | late Narizisn [LPos. suhzone cpitaj
2116-30 45%50-4560
Tillamook Volcanics | 2116-34 $010~-5020 Narizien
__2116-40 5690-5700

Roy Creek member

SAMPLE NO.

STRATIGRAPHIC POSITION

FOSSIL GROUP

AGE DETERMINATION

ECOLOGIC DETERMINATION

R-339

*middle"®

Mollusks

Prob. intertidsl to
subtidal

Note: Molluscan determinations by Ellen Moora, Calcareous nannofossils by
Dave Bukry, and foraminifera by Kristin McDougall (McD.) and Weldon

Rau (Rau). N.D.= non-diagnostic.
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APPENDIX 2 (cont.)

Sweet Home Creek member

SAMPLE NO.| STRATIGRAPHIC POSITION FOSSIL GRrOUP AGE DETERMINATION | ECOLOGIC DETERMINATION
=221 Uppermost portion Diatoms N.D. Nexritic to shelf edqe
Mollusks H.D. Prob, 25-2,000m
@=198 iouor portion Forams (McD.) Late Narizse.Rafug.|Up. bathy. (200-%500m)
Forams (Rau) Narizian (Cow.<Newt) Middle bathyal
-548 Upper portion Porams {McD.) Late Narizian Up. bathy. (200-500m)
Forams (Rau) Narizian(Cow.-Nest )] Low. mid. to up. bathyal
. Diatoms N.D. Neritic to shelf edge
R-557 Upper portion Forams {McD.) Narizian-Refugian |[Up. bathy. {200-500m)
Forams (Rau) ~ N.D. Bathyal
Diatoms Mid . Eoc.-Low. Olig.|Neritic to shelf edge
R-558 Upper portion Forams (McD.) Narizian-Refugian |Outer neritic-up. bathy.
’ Forams (Rau) Prob. Narizian Middle bathyal
R-5€2 Upper portion Calc. nannofossil|late mid. Eoc.-0Olig Open marine
A-564 Hiddle portion? Forams (McD.) Late Narizian Up. mid. bathyy500-1000m
Forams (Rau) N.D. Middle to upper bathyal
Calc. nannofossil|subzone Cp 14a (EoJ Open marine
R-612 Upper portion Forams (McD.) Late Narizian lup. bathyal (200-500m)
Forams (Rau) Narizian (Cou-NestJ) Bathval
R-615 Middle portion? Foramy (McD.) Late u.r}zlan Up. bathyal {200-500m)
Forams (Rau) Narizian {Cou-Nest) Middle bathyal
Calc. nannnfossil|Subzone CP 14a (Eo.) - Open marine
R-620 fower-middle portion Forams (McD.) Late Narizian Up. bathyal (200-500m)
Forams (Rau) Narizian (CowrNest) Middle bathyal
Mollusks . R.D. Prob, 2§-2,000 meters
R-621 Lower portion Forams (MaD.} Late Narizian . Ontqi shelf “to up. bathy,
' Forams (Rau) Narizian (Cou-Nest)([Up. mid. to mid. bathyal
R-628 Lower-middle portion Forams (McD.) Late Narizian Up. batbyal (200-500m)
Porams (Rau) Narizian (Cow-Neat)|Up. mid. to up. bathyal
Mollusks N.D. Prob. 2%-2,000 metars
P-629 Lower portion Forams (McD.) Late Narizian Up. bathyal (200-500m)

Forams (Rau)

Narizian (CowrNest.)

Up. mid. to up. bathyal

S5v



APPENDIX 2. (cont.)

Jewr1l memher of the Keasey Formation

SAMPLE NO.

STRATIGRAPHIC POSITION

FOSSIL GROUP

AGE DETERMINATION

ECOLOGIC DETERMINATION

Forams, (McD.)

Late Refugian

Low,.bathyal(1,200-2,000m)

528 Upparmost Jewell mbr.?
Forams (Rau) N.D. Middle hathyal
529 Uppermost Jewell mbr.? { Calc. nannofossil] Late mid. EocrOliq. Open marine
513 Upper Jewell mbr. Diatoms N.D. Duter neritic-shelf edge
515 Lower Jewell mbr. Fofams (McD.) Refugian Mid. bathy.(500-1,200m)
Forams {(Rau) N.D. Bathyal
559 Lovermost Jewell mbr. Forams {McD.) Refugian Up. bathy. or deeper
Forama (Rau) Refugian-Zemmorian | Low. mid. to low. bathy.
Pittsburg Bluff Formation
S"MFLE N0.| STRATIGRAPHIC POSITION FfOSSIL GROUP AGE DETERMINATION | €COLOGIC DETERMINATION
R-320 Lower? Forams (McD.) Refugian Mid. -low.bathy{ 500-2000n|
rorams (Rau) N.D. Middle bhathyal
R-1200 tower? Forams (Rau) N.D. Bathyal
Smuggler Cove Formation
SAMPLE NO.| STRATIGRAPHIC POSITION FO3S1L GROUP AGE DETERMINATION | ECOLOGIC DETERMINATION
1-R3-140 Middle (1im above glau)l Forams (Rau) N.D. Bathyal?
a-nI-141 Middle to upper portion Calc. nannofossil] Late mid, EoceOlig. Open marine
(Approx. 8m above gla)] Forams (Rau) Refugian Upper bathyal
=116 Middle portion Forams (McD.) Late Eocene-0lig. H.0.
rorams (Rau) N.D. Middle bathyal
R-€€3 Upper portion Forams {(McD.) N.D. Bathyal
R-761 lower portion Forams (McD.) N.D. -Proh. bathyal
R=-41 . Lower portion Mollusks N.D. Prob. 25-2,000m
-8 " middle portion Mollusks prob. Matlockian N.D.
=181 Middle portion Mollusks N.D. Prob. 2%-2,000m
1-13 Middle portion Mollusks N.D. . Poss. 15-100m
R-22 Middle portion Mol lusks pPoasibly Galvinian N.D.

35y



APPENDIX 3: FOSSIL LOCALITIES
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Sample Number

R-13
R=22
R-34
R-35
R=-40a
R=41
R~4€a
R=72
R-98
R=-116
R-151
R=-221
R-320
R-323
R-339
R-365
R-398
R-419
R=499
R-528
R=529
R-531
R-533
R=-535
R-548
R=557
R=-558
R-559
R-562
R-564
R-608
R-612
R-615
R-620
R-621
R-628
R-629
R-€31
R=-633
R-7€1
R-1200
R=1201
=-83-140
R=-83-141
R=-83-CR4

Sy
Nwk
SE%
Swk
SW
NWi
NEX
SEY
NEk
Nwk

N
SE%:

SWh

SW
Swh
N
NEY%
SE%
NEX
SE%
Nwk
SEY
NWh
Stk
Nwi
SEkL
NEX

SE%

=l
Sz

Location

sec..

sec.
secC.
sec.
secC.
sec.
Sec.
sec.
sec.
sSecC.
sec.
secC.
sec.
secC.
sec.,
SecC.
secC.
sec.
secC.
secC.
secC.,
SecC.
sec.
sec.
secC.
secC.
secC.

sSec.

secC.

7 SecC.

sec.
sec.
. SecC.
secC.
sec.
sec.
sec.
secC.
sec.

- Sec.

SecC.

- sec.
T SecC.

sgecC.

19,
29'
29,
29,
19,
19'
20,
30,
35,
36,
2,

8,

21,
21.
8,

9,

9,

5,

2,
2€,
26,

25,

25,
25,
19'
17,
17,
17,
17,
17,
20,
20'
20,
29,
29,
28,
28,
33,
22,
3¢,
21,
21,
9,

9,

T5XN,
T5N,
TSN,
TSN,
TSN,
TSN,
TSN,
TSN,
TSN,
TSN,
T4N,
T4N,
TSN,
TSN,
T3N,
T3N,
T3N,
T3N,
T4N,
T4N,
T4N,
T4N,
T4N,
T4N,

T4N,:

T4N,
T4N,
T4N,
T4Y,
T4N,
T4N,
T4N,
T4N,
T4N,
T4N,
T4N,
T4,
T4\,
T4N,
TSN,
TSN,
TSN,
T4X,
T4X,

REW
R8W
RE8W
R8W
RE8W
R8W
R8W
R8W
ROW
ROW

ROW .

R8W
R8W
RBW
ROV
ROW
ROW
R8W
ROW
ROW
ROW
ROW
ROW
ROW
RBW
R8W
R8W
R8W
R8W
R8W
R8W
R8W
R8W
R8Y
R8W
RBW
R8Y

RBW
ROW
ROV
R8W
RBW
ROW
RO

Qutcrorn

Road cut
Road cut
Road cut
Road cut
Road cut
Road cut
Road cut
Road cut

Quarry

Road cut
Road cut
Road cut
Road cut
Road cut
Road cut
Road cut

Quarry

Road cut
Road cut

Stream
Stream
Stream
Stream
Stream
Stream
Stream
Stream
Stream
Stream
Stream
Stream
Stream
Stream
Stream
Stream
Stream
Stream
Stream

cut
cut
cut
cut
cut
cut
cut
cut
cut
cut
cut
cut
cut
cut
cut
cut
cut
cut
cut

Road cut
Road cut
Roaé cut
Road cut
Road cut
Road cat

Stream

cut




APPENDIX 4: GEOCHEMICAL ANALYSES

Tillamook Volcanics
sample Si0, Al,03 TiO; Fe,0, FeO MO Ca0 Mgo K30 Nazo P,05  FeO*
R-339 49.15 14.84 3.46 6.21 7.12 0.24 10.22 4.23 0.82 3.14 0.57 12.71
R-362 49.72 14.69 3,77 5.74 6.58 0.21 10.39 4.64 0.78 2.89 0.60 11.75
R-366 49.15 14.89 3.86 6.42 7.36 0.20 9.41 4.56 0.81 2.87 0.47 13.14
R-395 50.18 14.91 3.54 5.72 6.5 0.29 10.11 4.53 0.94 2.73 0.50 11.70
R-398 53.54 14.70 2.65 5.66 6.48 0.20 7.58 3.11 1.39 3,71 1.18 11.57
R-418 49.55 15.69 3.14 5.74 6.58 0.23 10.40 4.87 0.67 2.72 0.42 11.74
R-4242 50.71 15.11 3.78 5. .76 6.60 0.25 8.22 4.09 1.11 3.73 0.64 11.78
R-626 48.94 14.23 3.72 6.75 7.73 0.25 9.70 4.57 0.61 2.96 0.54 13.81
R-645 50.43 16.30 3.14 5.22 5.98 0.18 10.12 3.94 0.93 3.26 0.51 10.68
R-667 49.31 14.34 3.01. 6.03 6.90 0.19 - 9.79 6.71 0.79 2.56 0.38 13.11
R-672 50.70 16.79 3.27 5.06 5.80 O0.17 -9.60 3.74 1.01 3.31 0.54 10.36
R-674 56.16 14.75 2.35 5.27 6,04 0.19 6.30 2.73 1.76 3.67 0.79 10.78
R-685a 49.91 14.70 3.30 6.24 7.15 0.18 10.07 4.56 0.64 2.82 0.44 12.77
R-907 53.24 14.57 2.66 5.71 6.54 0.22° 7.48 3.16 1.38 3.85 1.19 11.68
MS-42 49.49 16.06 3.01 S5.40 6.19 0.26 10.19 5.61 0.77 2.61 0.42 11.05
MS-335 49.01 14.06 3.63 6.55 7.50 0.21 9.67 5.29 0.87 2.72 0.50 13.40
Ms-643 49.91 14.34 3,59 6,07 6.95 0.19 9.73 5,06 0,83 2.85 0.49 12.41
MS-983 48.48 14.43 2,98 6.23 7.13 0.21 10.26 6.79 0.60 2.50 0.39 12.74
cz-5+ 51.54 14.85 3,37 5.72 6.5 0.1 7.56 4.28 1.13 4.14 0.52 11.70

Avg. 50.48 14.96 3.28 5.86 6.72 0.21 9.31 4.55 0.94 3.11 0.59 12.05
Std.bew 01.93 0©0.74 o.42 o0.46 0.53 0o0.03 01.23 01.07 0.30 0.50 0.23 0©0.97

Analyses by Dr. Peter Hooper of Wash, St. Univ. using XRF with his "international
standatd“ '

Tillamook Volcanics clast in the Roy Creek mbr. of the Hamlet formation.

*Well sample from 4,900' in the CZ 11-28 well,
FeO*=(.9 Fej03)+FeO
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APPENDIX 4 (cont.)

Cole Mtn. basaltl
(thesis area)

Sample Si0p Al203 TiO, Fe,03 FeO MnO Ca0 Mg0 K,0 Na,0 P,05 FeO*
R-251 56.64 16.49 1.63 4.57 5.24 0.12 7.85 3.01 0.75 3.40 0.29 9.35
R-561 58.25 15.99 1.43 4.35 4.99 0.16 6.71 3.67 0.84 3,30 0.32 8.90
R-614 55.89 16.37 2.11 4.58 5.2% 0.16 7.05 3.67 0.78 3.85 0.30 9.37
RQ-850 56.46 15.97 1.49 4.02 4.60 0.14 10.15 2.25 0.81 3.78 0.32 8.22
Avqg. 56.81 16.21 1.67 4.38 5.02 0.15 7.94 3,15 0.80 3.58 0.31 8.96
Std.Dev.01.01 00.26 o¢.31 0.26 0.30 0.02 01.55 0©.68 0.04 .27 0©.02 o0.54
>
Cole Mtn. basaltl
{washington Co.)
RCC1 51.44 17.95 1.33 4.51 5.17 0.14 10.83 5.25 0.16 2.94 0.28 9.23
Type Area Goble VOlcanica; 4
RTG-1 55.04 17.43 1.29 4.32 4.95 0.14 8,98 3.60 0.67 3.36 0.22 8.84
RTG-5 53.99 18.28 1.13 4.02 4.60 0.15 9.90 4.09 0.51%1 3.17 0.16 8.22
Avg. 54.52 17.85 1.21 4.17 4.76 0.15 9.44 3.85 0.59 3.27 0.19 8.53
Gray's River Area Goble Volcanicsl
RG1 49.85 16.26 3,18 5.79 6.63 0.19 9.57 3.96 0.84 3.20 0.52 11.84
RG2 50.31 15.46 3.29 6.04 6.92 0.20 9.35 4.12 0.82 3,00 0.49 12.36
RG3 55.03 14.75 2.90 5.64 6.46 0.19 6.78 2.36 1.44 3.50 0.97 11.54
Avg. 51.73 15.49 3.12 5.82 6.67 0.19 8.57 3.48 1.03 3.23 0.66 11.90
Std.Dev, 62,87 0©0.76 o.20 o0.20 c.01 01.55 0.97 o©.35 0©0.25 0.27 00.41

lanalyses by Dr. Peter Hooper of

standard”.

0,23

Wash, St. Univ. using XRF with his "international

FeO*=(.9 Fe203)+FeO
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APPENDIX 4 (cont.)

COLUMBIA RIVER BASALT GROUP<

Grande Ronde Basalt. -{Low MgO-Low TiO,)

Sample 5102 A1203 TiOz F8203 FeO MnO Cao MqO K20 Nazo pZOS
R-38 55.96 14.93 2,10 2.00 10.04 O0.21 6.72 3.64 1.62 2.46 0.33
R-40b 55.42 14.95 2,08 2.00 10.49 0.20 6.55 3.50 1.56 2.93 0.31
R-40c 55.77 15.10 2.11 2,00 10.16 0.18 6.61 3.61 1.49 2.65 0.31
R-45 56,06 15,02 2,06 2.00 10.16 0.18 6.52 3.60 1.66 2.41 0.32
R-51 56.79 15.52 2.17 2.00 10.16 O0.18 5.49 3,23 1,73 2.40 0.32
R~-60 55.83 15.09 2.10 2.00 10.11 0.18 6.55 3.54 1.68 2.62 0.31
R-98 55.95 14.81 2,07 2.00 10.03 0.18 6.82 3.55 1.67 2.61 0.31
R-242 55.23 14.72 2,27 2,00 10.86 0.21 6.67 3.64 1.61 2.43 0.34
R-597 56.48 13.77 2.23 2,00 10.93 O0.21 7.28 3.58 1.58 1.96 0.32
R-911 54.63 14.68 2,30 2,00 11.16 0.21 6.84 3.57 1.54 2.74 0.34
R-917 56.88 13.68 2,29 2,00 10.41 0.20 7.18 3.64 1.59 2,07 0.39
CzZ-1* 58.50 14.77 1.76 2,00 9,10 0.15 6.28 3.03 1.68 2.49 0.28
CZ-2* 58.24 14.48 1,73 2,00 9,53 0.17 6.25 3.06 1.84 2.62 0.27
Avg.¥* 55.91 14.75 2.i6 2.00 10.41 0.19 6.66 3.55 1.61 2.48 0.33
std.Dev. 00.67 00.56 o.09 0.00 00.40 0©.01 0.46 0.12 0.07 o0.28 0o.02
Grande Ronde Basalt (Low Mgo -High TiO,)
R-2 54,75 14.86 2,42 2,00 10.97 O0.19 6.88 3.61 1.47 2.44 0.40
Grande Ronde Basalt (High Mgo )
R-26a 53,62 14.91 2,04 2,00 10.21 O0.20 8.16 4.92 1.02 2.62 0.30
R-71 53.94 14.85 2,00 2.00 10,35 0.23 8.15 4.79 1.01 2.39 0.31
R~-78 53.48 14.77 2,05 2,00, 10.66 0.21 8.17 4.83 0.93 2.57 0.31
R-131 54,00 14.90 1.98 2,00 10.26 0.21 8.49 4.77 1.01 2.10 0.29
R-523 54.28 15,26 2.21 2,00 i8.93 0.18 8.60 4.91 1.25 2.07 0.31
CZ-3* 56.87 14.46 2.26 2,00 8.45 0.17 _7.32 3.94 1.15 2.73 0.45
CZ-4* 55.67 14.55 1.85 2,00 9.05 0.20 8.29 4.31 1.14 2.46 0.26
Avg.'t 53.86 14.94 2.06 2.00 10.08 ©0.21 8.31 4.84 1.04 2.35 0.30
Std.Dev, 00,32 00,19 o0.09 0,00 00.67 0,02 o0.21 0.07 0.12 0.26 o0.01

2Analyses by Hobper using CRB std. *Well sample ++Avg. exclud. well samples.
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APPENDIX 4 (cont.)

COLUMBIA RIVER BASALT GROUP (cont. )2

Pomona Member

Sample Si0p° Alp03 TiO Fe303 FeO Mn0O  Ca0 MgO K20 Na,0 Py0g
R-20 50.05 15.52 2.05 2.00 8.63 0.18 11.33 7.52 0.34 1.98 0.40
R-310** 50.11 17.39 1.66 2.00 8.78 0.18 10.77 7.17 0.38 1,53 0.27
R-357 50.29 15.57 1.97 2.00 9.05 0.17 11.18 7.61 0.13 1.65 0.37
R-297** 49,69 16.66 2.21 2.00 10.28 0.18 10.79 6.81 0.32 1.18 0.20
R-617** 47.97 16.06 1.73 2.00 10.46 0.18 9.71 10.81 0.35 0.89 0.14
Avg. 49.62 16.24 1.92 2.00 9.44 0.18 10.74 7.98 0.30 1.45 0.28
Std.Dew. 00.95 00.79 0©.23 0©0.00 0.86 0.00 00.61 01.61 0©.10 0©.42 o0.11

Frenchman Springs Member
R-76 50.34 13.94 3.23 2,00 12.54 0.23 9.02 4.97 0.80 2.33 0.61

“Umatilla Member".analysis3

3 54.86 15.20 2.73 2.00 9.38 0.24 6.29 2.82 2.69 2.96 0.89

R-40

2Analyses by Dr. Peter Hooper of Wash. St, Univ. using XRF with the Columbia
River Basalt standard. "

**Gabbroic basalts that have been assigned to the Pomona Member.

31Incorrect analysis that was resubmitted and found to have a Grande Ronde Basalt
chemistry. This analysis was probably the result of "computor error" at Wash. St.

3¢



APPENDIX S5: GEOCHEMICAL ANALYSES (DATA FROM OTHER WORKERS)

452

Tillamook Volcanics

Sample Si0, Alj03 TiO; Fey05 FeO MnO a0 MgO K0 Nay0 P0¢
82472 49.60 14.91 3.16 6.30 7.21 0.18 10.35 4.24 0.€4 2.99 0.41
82672 50.66 14.27 3.56 6.20 7.11 0.21 9.40 3.99 0.82 3.27 0.51
72052 49.60 18.33 2.98 §.13 5.88 0.19 10.46 3.16 0.76 3.07 0.45
919101 51.57 15.10 3.21 5.74 6.58 0.22 8.36 3.86 1.07 3.68 0.61
7773 49.51 14.20 3.88 6.59 7.55 0.23 9.03 4.26 0.94 3.23 0.58
372021.48.52 16.00 4.43 5.80 6.64 0.23 9.10 4.08 1.02 3.27 0.92
172022 51.08 17.65 3.41 5.28 6.05 0.16 7.06 3.21 1.24 3.57 1.29
372023 51.72 16.96 4.05 5.20 5.96 0.24 6.67 2.19 2.39 4.01 0.62
172113 49.19 10.07 1.92 5.16- 5.91 0.17. 11.49 13.81 0.42 1.64 0.23
372112 48.70 14.16 3.64 6.33 7.25 0.28 10.07 5.09 0.86 3.08 0.51
372142 58.42 15.76 1.68 4.44 5.08 0.18 5.59 2.01 1.92 4.30 0.63
372144 58.15 15.89 1.67 4.36 4.99 0.17 5.58 2.11 1.93 4.50 0.64
372311 53.30 15.59 2.56 5.35 6.13 0.27 7.59 2.85 1.44 3.83 1.08
372312 50.33 16.31 3.67 S5.13 5.87 0.22 8.48 2.88 1.27 3.81 2.03
372313 52.21 16.06 2.73 5.45 6.24 0.23 7.55 2.95 1.52 3.93 1.14
372314 51.96 16.13 3.54 4.90 5.62 0.22 8.77 3.19 1.17 3.80 0.69
362361 50.58 14.86 3.62 5.85 6.70 0.21 9.19 4.18 0.83 3.42 0.57
82222 52.92 15.31 2.96 S5.42 6.20 0.24 7.70 3.68 1.11 3.60 0.87
91962 49.98 15.09 3.37 5.94 6.81 0.18 10.26 4.62 0.59 2.94 0.42
91932 51.12 14.78 3.56 5.94 6.81 0.24 9.41 3.65 0.87 3.13 0.50
7772 49.47 13.93 3.78 6.64 7.61 0.23 9.26 4.25 0.91 3.34 0.58
71961 $2.47 14.31 3.01 6.18 7.08 0.24 7.88 3.53 1.12 3.50 0.69
82612 50.45 16.61 3.15 5.40 6.18 0.18 9.66 3.86 0.82 3.23 0.45
7742 53.16 14.83 2.85 5.75 6.59 0.25 7.53 3.42 1.33 3.57 0.72
73034 49.53 14.69 3.39 5.89 6.75 0.20 11.13 4.24 0.76 2.89 0.51
Avg.of 51.37 15.27 3.18 5.62 6.44 0.21 8.69 4.00 1.11 3.40 0.71
Mumfordo2.49 o1.54 6©.68 .59 .68 .03 01.60 ©62.15 6.45 ©.56 .37
2ESSP1 53.57 16.04 2.63 5.08 5.82 0.26 7.75 3.36 1.35 3.38 0.76
2ESRR2 52.64 15.16 2.73 5,60 6.41 0.20 7.75 3.64 1.40 3.59 0.90
2ESWCQ 52.78 14.97 2.67 5.39 6.17 0.21 7.65 3.40 1.52 3.71 1.54
2es31 53.51 16.01 3.31 4.79 5.48 0.17 7.44 1.63 1.59 4.16 1.91
2ESPB2 59.9€¢ 15.91 1.31 4.35 4.98 0.16 4.74 1.26 2.39 4.47 0.44
2ESPB3 54.00 14.62 2.76 5.38 6.16 0.19 7.67 3.34 1.92 3,18 0.77
2ES30 63.41 16.37 1.16 2.90 3.32 0.15 3,50 - 0.85 2.85 - 5.16 0.34
2ES54 54.47 14.73 2.79 5.24 6.00 0.19 7.71 3.25 1.80 3.08 0.75
2ES78 54.99 15.55 2.23 S5.15 S5.90 0.21 6.91 3.00 1.53 3.65 0.88
2es86 53.29 16.22 2.40 $.22 5.98 0.22 7.89 3,29 1.20 3.54 ©0.74
28593 50.23 17.69 3.36 5,19 5.95 0.23 9.80 3,06 0.90 3.10 0.49
2ES108 66.18 15.74 0.79 2.66 3.04 0.14 3.05 0.13 3.38 4.73 0.17
2ES109 50.08 16.27 3.32 5.78 6.62 0.18 9.71 3.48 0.92 3,02 0.62
2ES114 60.86 15.58 1.31 4.27 4.89 0.16 4.60 1.18 2.38 4.32 0.45
2ES138 58.02 15.94 1.73 4.50 5.15 0.19 6.30 1.78 1.43 4.29 0.67
25181 52.54 14.89 2.72 5.50 6.30 0.23 7.64 3.63 1.41 3.65 1.49
2ES206 51.18 14.62 3.54 5.90 6.75 0.17 8.76 4.25 1.02 3.21 0.60
2ES225 48.92 17.46 2.79 5.47 6.26 0.19 10.73 4.52 0.63 2.66 0.37
2ES228 52.80 14.64 3.34 5.57 6.38 0.20 8.32 3.51 1.18 3.40 0.66
2ES23€ €7.44 15.32 0,67 2.85 3,27 0.09 1,57 0.12 3.43 5.11 0.13
2ES241 53.40 15.60 2.65 5.18 5.94 0.26 7.54 2.63 1.52 3.86 1.43
2ES258 49.24 15.80 3.36 5.92 6.78 0.19 9.86 4.29 0.85. 3:16 0.56
2E5266 53.32 15.00 2.40 5.55 6.36 0.21 7.31 3.25 1.39 3.96 1.26
2BS270 58.44 14.97 1.74 4.86 5.56 0.20 5.56 1.83 2.12 4.01 O0.69
2ES353 52.40 15.37 2.81 5.66 6.49 0.20 8.07 2,43 1.17 3.51 0.89
Ava.of 55.11 15.62 2.42 4.96 5.68 0.19 7.11 2.72 1.65 3.7¢ 0.78
Safley @5.02 @.80 0.84 .92 61.06 .03 62.22 ©€1.26 o.74 0.65 .44
Above data from Mumford (in prep.) and Safley {in prep.).

o equals one standard deviation :
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Tillamook Volcanics (cont.)
Sample Si0, Al,0s Ti0, Fe,05 FeO MO0 Ca0 Ma0 K0 Naj0 Pa0g
8=21-5 §1.03 13.87 3.49 6.11 7.00 0.32 9.10 3.34 1.62 3.52 0.61
11-20-2 53.87 13.91 2.85 5.43 6.22 0.27 7.67 3.01 1,32 4.38 1.06
11-20-3 51.60 13.98 3.33 S5.76 6.59 0.41 8.83 3.28 1,40 4.04 0.78
11-21-1 S3.72 14.62 2.65 5.32 €6.10 0.20 8.21 2.85 1.32 4.31 0.69
11-21-5 53.49 13.10 2.91 5.93 6.79 0.23 7.94 3.02 1.41 4.03 1,15
11-21-6 52.85 13.27 2.90 5.74 6.58 0.21 8,22 3.31 1.60 4.13 1.17
10-4=1 §2.21 14.29 2.73 5.85 6.70 0.26 8.16 2.87 1.40 4.27 1.25
10-4-~5 53,04 13.71 3.01 5.48 6.28 0.20 B8.31 3.25 1.56 4.13 1.03
10-8-4 §2.37 13.81 3.03 5.80 6.64 0.16 7.83 3.16 2.18 4.04 0.96
9=17-3 §2.11 14.33 3.14 5.93 6.80 0.16 7.56 3.05 1.91 4.01 1.01
10-17-1 59.75 14.27 1.64 4.85 5.56 0.21 5.45 1.61 0.98 5.02 0.66
11-18=2 50.25 12.81 3.5 6.83 7.82 0.24 9.34 4.36 0.99 3.30 0.49
11-28-1 50.09 13.38 3.32 6.33 7.25 0.24 10.45 4.33 0.89 3.21 .0.50
311-28-2 S51.27 13.05 3.29 6.15 7.05 0.24 9.83 4.34 1,04 3.23 0.52
11-20-1 49.92 13.59 3.31 6.29 7.21 0.22 9.88 4.37 1.51 3.18 0.51
Avg. of 51:56 13.76 2.98 5.83 6.70 0.24 8.39 3.32 1.40 3.94 0.85
" Jackson 02.30 o.52 ©.46 ©.46 .53 ©.06 61.20 0.73 .34 0©.52 ©.28
9(0) $4.19 16.72 '2.34 4.85 5.55 0.18 7.20 2.18 1.70 4.25 0.77
10(0) 54.81 16.80 2.27 4.65 S5.32 0.18 7.06 2.19 1.8% 4.13 0.75
11(0) 54.48 17.60 1.93 4.25 4.87 0.19 6.06 1,91 3.24 4.21 0.72
12(0) 64.77 16.20 0.79 3.29 3.77 0.12 3.29 3,77 0.12 2.72 0.93
13(0) §5.67 17.10 2.25 4.43 5.07 0.19 6.64 1.92 1.68 4.26 0.78
Gv-1(N) 62.28 16.04 1.12 3.42 3.92 0.19 3.50 1.30 3.13 4.79 0.31
Gv-2(N) 62.60 15.57 1.04 3.60 4.12 0.15 3.78 1.07 3.12 4.66 0.31
265(N) .56.92 16.09 1.89 4.48 5.13 0.22 5.84 1.94 2.08 4.71 0.72
9-4~1(T) 54.59 16.19 2.14 5.20 §.95 0.19 6.66 2.86 1.61 3.67 0.94
9-4-2(T) S53.06 16.42 2.16 5.44 6.23 0.22 6.99 3.36 1.61 3.55 0.97
9-4-3{T) 51.10 15.08 3.20 6.17 7.07 0.16 8.31 3.63 1,24 3.32 0.71
0-4-4(T) 53.99 15.90 2.00 5.06  5.79 0.22 5.93 2.38 2.13 3.78 0.81
9-114(T) 52.05 15.44 2.86 5.63 6.44 0.22 7.88 3.36 1.29 13.67 1.16
10-181(T)50.22 16.60 3.49 5.26 6.02 0.35 9.16 3.92 0.96 3.5 0.52
1-25-2(T)54.80 16.51 2.40 2.00 8.61 0.19 7.21 3.27 1.75 2.61 0.64
T-csW(K) S0.17 15.77 3.00 5.74 6.60 0.19 9.79 4.02 0.48 3.46 0.45
Avg. of 55.35 16.25 2.18 4.59 5.65 0.20 6.55 3.52 1.87 3.98 0.67
N. Grn. ©4.35 o0.64 o.75 ©1.08 ©1.24 .05 01.94 01.00 .77 ©.65 ©0.26
Mtn. Area
KAC=-40 48.58 14.20 3.17 6,10 8.32 0.20 10.02 5.13 0.68 3.04 "0.36
KAC-13 46.70 14.45 2.61 S5.71 7.02 0.18 11.40 6.39 0.64 3.20 0.32
KAC-39+ 47.29 13.83. 2.85 5.85 7.15 0.2% 11.14 6.43 1.11 2.79 0.31
Avg.of 47.52 14.16 2.88 5.8 V. 3.21 16. T.58 0.81 3.01 0.33
Cameron @0.96 ©0.31 o©.28 .19 g.56 .04 60.73 .74 @.26 .21 .03
+submarine basalt
Data from Jackson (1983), Olbinski(0) (1983), Timmons(T) (1981), Kadri(X)
(1982), Nelson(X) '$1985), and Cameron (1980).
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Sample SioOp

Cole Mountain basslt

Al,03 TiO, Fey0, FeO M0 Ca0 MO K,0 Na,0 P,O5
362411 GE.00 15.81 1.47 4.19 4.80 0.18 7.55 3.80 0.60 3.29 0.31

7321 56,41 16.42 1.42 4.25 4.87 0.15 8.15 4.29 0.60 3.16 0.27
9961 56.86 17.75 1.55 3.85 4.41 0.10 8.22 3.32 0.70 2.96 0.27
63013 58.62 16.53 1.51 3.96 4.54 0.12 6.93 3.26 0.78 3.44 0.33
73042 56.93 15.92 1.47 4.53 5.19 0.17 7.85 3.98 0.41 3.21 0.33
730384 58,10 15.92 1.45 4.31 4.94 0.17 7.28 3.61 0.35 3.56 0.32
7373 56.51 15.08 1.40 4.41 S5.06 0.16 9.01 4.02 0.69 3.34 0.31
717103 55.74 16.93 1.50 4.63 5.31 0.13 8.12 3.80 0.70 2.87 0.26
Avg.of B57.15 16.30 1.47 4.27 4.89 0.15 T8 TY.7¢ 0.e0 7I. .
Mumford ¢0.99 ©0.81 .05 .27 ©.31 ©.03 . .64 .35 .15 01.06 .03
2ES17 54.03 15.89 1.66 4.99 5.72 0.16 9.11 4.77 0.62 2.74 0.31
2ES21 54.30  16.06 1.71 4.88 5.59 0.16 8.45 4.70 0.49 3.39 0.28
2ES91  55.91 16.81 1.38 4.47 5.12 0.11 6.59 4.65 1,50 3.23 0.23
2858277 S6.87 16.34 1.46 4.67 5.35 0.16 6.59 3.79 0.79 3.75 0.23
Avg. of 55.28 16.28 1.55 4. 5.45 0.15 7.69 4.48 0.85 3.28 0.26
Safley 01.35 00.40 ©.16 .23 .27 .03 01.29 .46 .45 .42 ©.04
QW4560(0)54.83  19.69 1.05 3.32 3.81 0.11 8.45 3.26 0.86 4.39 0.22
Gv-3(N) 54,78 16.65 1.45 4.51 5.16 0.15 7.06 2.83 0.55 3.83 0.32
9-6-8(T)53.41 18.34 1.33 .4.25 4.86 0.17 9.44 4.63 0.14 3.17 0.27
10188(T)53.79 16.64 1.87 5.04 5.77 0.17 B8.02 4.37 0.66 3.37 >0.39
Avg.of 54.88 17.83 1.42 4.28. 4.90 0.15 B.24 T.77 0.%%5 T.65 0.30
N. Grn. 01.84 01.48 o0.34 .72 .82 .03 0.99 ©.86 .30 ©.54 .07
Mtn..Aresa
Altered Cole Mountain basalt
2ESS04 54.62 15.05 2.39° 5.55 6.36 0.23 7.48 3.44 0.96 3.08 0.83
2ES23 56.75 14.54 2.16 5.40 6.18B 0.15 6.61 3.62 0.96 2.91 0.72
2ES61 54.86 14.03 2.38 6.00 6.87 0.13 6.08 4.65 1.02 3.00 0.97
283351 58.76 13.56 2.10 5.39 6.17 0.17 S5.56 '2.82 1.22 3.18 1.07
Avg. of 56.24 14.30 2.26 5.59 6.40 0.17 6.43 3.63 1.04 3.04 0.90
Safley ©01.93 0©0.64 o©.15 ©.29 0.33 .04 @.82 ¢.76 .12 .11 .15
Type area Goble Volcanics
CBa 55.70 16.69 1.98 7.73* 0.12 8.65 4.86 0.53 291 -
CBb 5§2.68 15.56 1.39 7.57* 0.06 9.25 7.17 0.41 2.61 ==
77-06 57.61 16.37 1.68 7.437 0.03 7.384 3.38 1.05 3.03 ==
77-10 52.54 17.40 2.42 8.90* D.14 11.34 5.80 0.50 2.70 ==
77-14 $7.52 18.77 2:18 7.87* 0.11 9.15 2.98 0.70 3.05 ==
77-20 56.17 16.35 2.34 8.32* 0.07 6.55 3.52 1.10 3.01 ==
77-44  52.78 16.07 '1.88-  8.70* 0.13 11.10 5.70 0.35 2.64 ==
77-4€  54.33 16.48 1.79 8.29% 0.13 9.41 5.34 0.54 2.86 ==
Avg.of 54.92 16.71 1.96 8.10¢ 0.10 9.10 4.85 0.65 2.85 =
Burr ¢2.12 00.98 .34 .54 c.04 01.64 01.45 .28 .18 —
Grays River area Goble Volecanics
s 50.6 16.8 3,1 6.3 6.3 0.22 B.6 2.7 1.1 3.6 0.64
6 $1.1 15.4 3.6 7.1 6.5 0.22 8.1 3.2 0.93 3.2 0.60
7 50.8 15.7 3.6 6.0 6.8 0.19 8.2 3.3 1.2 3.6 0.75
8 48.6 15.8 3,3 5,5 7.6 0.21 10.3 4.7 0.86 2.8 0.46
9 49.4 15.2 3.3 3.4 9.9 0.18 10.4 4.7 0.59 2.7 O0.46
107 49.1 13.8 3.8 3.7 11.6 0.22 9.7 4.1 0.36 2.9 0.77
117 49.0 16.4 2.6 3.8 7.4 0.1511.9 5.5 0.29 2.6 0.39
12 48.3 16.0 3.4 4.9 8.4 0.21 10.6 4.6 0.36 2.8 0.46
13+ 46.7 15.8 4.0 6.6 7.6 0.53 10.4 5.0 0.28 2.5 0.60
Avg.of 49.3 15.7 3.4 T.3 B0 ©0.28 9.8 4.2 O.6€ 3.0 0.5
wolft., 1.4 0©0.8 0.4 1.4 1.7 .11 061.3 0.9 .36 c.b .14

*ecquals FeO*(.9 Feaog+Feo) 4'ecmals submarine basalt. Data from
1

Saflev(in prep),

and Wolfs and

McKee(1972).

Mumford(in prep.)

inski(1983), Timmons(1981), Nelson(X)(3955) ,Burr(1975),
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APPENDIX S (cont.)

Siletz River Volcanics
Sample’ S§i0y Al;05 TiO2 Fey0; FeQ Mo cao MgO  K,0 Nax0 PO
1 48.6 14.7 1.7 4.3 6.7 0.19 12.9 8.6 0.10 2.1 0.16
2 49,2 14.7 1.6 3.2 7.8 0.19 11.9 8.7 0.26 2.3 0.14
3 49,2 14.1 1.4 4.2 8.6 0.19 11.9 7.7 0.16 2.5 0.15
4 48.2 16.1 2.7 4.8 7.9 0.19 1i.0 6.2 0.06 2.4 0.38
5 48.5 14.7 2.5 5.9 8.1 0.23 11.4 5.8 0.12 2.5 0.27
6 48.4 14.1 2.9 $.2 8.5 0.30 11.9 5.7 0.17 2.7 0.29
7 47.9 14.3 2.9 5.5 8.6 0.26 11.8 5.6 0.19 2.6 0.30
8 48.4 14.0 2.7 5.2 9.2 0.23 11.5 5.7 0.15 2.7 0.31
AVg.of IW.5  13.6 2.3 d.8 .2 0.22 11.8 6.7 0.15 2.5 0.2
Snavely ¢.5 0.7 0.6 ©.9 ©.7 bB.04 0.6 01,4 0©.06 0.2 .09
Crescent Formation
1 49.3 15.8 =2.1 5.1 6.9 0.25 . 5.2 0.30 2.4 0.25
2 48.6. 14.9 2.3 6.2 6.3 0.34 13.4 5.1 0.17 2.5 0.30
-3 49.2 14.9 1.7 4.2 7.1 _0.20 12.1 8.1 0.17 2.0 0.31
Avg.cf°49.0° . 15.2 2.0 5.2 4.8 0.26 12.7 6.1 0.21 2.3 0.29
"olfo 90.4 60.5 0'03 ol.0 .4 .07 60.7 01.7 ’.08 v.3 ﬂ.03
Avg.of 48.5 14.6 2.2 4.3 8.0 0.21 11.8 7.2 0.22 2.6 0.26
10 samples
({Snavely)
Data from Snavely and others (1968) ‘and Wolf and McKee (1972).




APPENDIX 6: CTIPU NORMATIVE COMPOSITIONS

Tillamook Volcanics

Ilm.

Sample Qtz. Orth. Albite Anorth.Diop. Hed. Ens. Ferr.Oliv.Mag. Apat. C.I.*
R-3390 4.91 4.86 26.56 23.96 15.10 3.30 3.62 0.91 o .8.99 6.57 1.35 38.5
R-362 6.70 4.62 24.45 24.79 16.29 1.77 4.10 0.51 O 8.31 7.15 .1.42 38.1
R-366 6.66 4.80 24.28 25.34 12.46 2.08 5.67 1.09 O 9.29 7.32 1.11 37.9
R-395 7.38 5.57 23.09 25.63 14.66 2.22 4.57 0.80 O 8.28 6.72 1.18 37.3
R-398 9.72 8.23 31.39 19.33 6.30 2.25 4.88 2.01 O 8.19 5.03 2.79 28.7
rR-418 6.60 3.97 23,01 28.61 13.47 2.69  4.97 1.14 O 8.31 5.96 0.99 36.5
R-424 5.48 6.57 31.55 21.19 10.79 1.44 5.26 0.80 O 8.33 7.17 1.52 33.8
R-626 6.48 3,61 25.04 23.72 13.66 3.03 5.14 1.31 O 9,77 7.06 1.28 39.9
R-645 5.24 5.51 27.58 27.08 13.58 2.16 3.59 0.66 O 7.5 5.96 1.21 33.5
R-667 4.56 4.68 21.66 25.29 14.28 2.26 10.22 1.86 O 8.72 S5.71 0.90 43.1
R-672 5.82 5.98 28,00 27.95 11.36 1.45 4.12 0.60 0 7.32 6.20 1.28 31.5
R-674 12.92 10.42 31.05 18.55 4.36 1.77 4.83 2.25 O 7.63 4.46 1,87 25.3
R-685 8.20 2.07 23.86 26.40 13.59 2.94 5.15 1.28 O 9.03 6.26 1.04 38.3
R-907 9.06 8.17 32.57 18.38 6.52 2.36 4.91 2,04 O 8.26 5.05 2.82 29.1
MS-42 5.12 4.56 22,08 29.81 12.45 1.85 8.31 1.42 O 7.1 5.71 0.99 37.6
MS-335 5.98 5.15 23.01 23,57 14.27 - 2.57 6.66 1,38 O 9.48 6.89 1.18 41.3
MS-643 6.96 4.92 24.11 23.87 15.08 1.70 5.71 0.74 O 9.07 6.81 1.16 39.1
Ms-983 3.98 3.55 21.15 26{29 15.14 2.22 10.03 1,77 O 9.01 5.65 0.92 43.9
rva.  6.77 5.40 25.80 24.43 12.41 2.23 “5.65 1.26 0 8.52 6.20 1,39 36.3
std.Den2.15 61.96 03.70 0©3.31 03.40 .53 01.96 o.54 O 0.69 o.83 o.57 o05.1
v Cole Mtn. basalt
R-561 16.36 4.97 27.92 26.32 2.98 0.98 7.83 2.97 O 6.29 2.71 0.76 23.8
R-614 11.30 4.62 32.57 25.06 5.11 1.28 6.84 1.97 O 6.63 4.00 0.71 25.8
Avg. 13.83 4.80 30.25 25.69 4,05 1.13 7.34 2.47 O 6.46 3.36 0.74 24.8

*Normative color index = O0Ol4+Opx+Cpx+Mt+Il+Hm

937y



APPENDIX 6 (cont.)

COLUMBIA RIVER BASALT GROUP

Grande Ronde Basalt (Low MgO-Low TiO,)

Sample Qtz. Orth. Albite Anorth.Diop. Hed. Ens. Ferr.Oliv. Mag. 1Ilm., Apat,
R-38 11.69 9.59 20.81 24.89 2,31 3.01 8.07: 12.07 O 2,80 3,98 0.78
R-48 12.01 9.83 20.34 25.24 1.82 2.44 8,19 12.61 O 2.89 3.91 0.76
R-51 14.28 10.25 20.30 25.19 0.00 0.00 8.11 13.73 O 2.89 4.12 0.76
R-98 10.88 9.89 22,08 23.74 2.92 3.90 7.56 11.58 O 2.89 3.93 0.73
R-242 10.77 9.53 20.56 24.48 2.24 3.18 8.10 13.21 O 2.89 4,31 0.80
R-597 14.69 9.24 25.63 23.87 4.04 3.67 5.91 10.57 O 2.89 3.97 0.88
R-917 14.88 9.30 23,56 24.21 3.97 3.32 5.01 11.33 0O 2.89 4,08 1.04
Avg. 12.74 9.66 22.33 22.64 3.65 2.79 7.14 11,84 0O 2.89 4.03 0.82
Grande Ronde Basalt (Low MgO-High Tioz)
R-2 10.54 8.71 20.64 25.23 2.20 3.14 8.04 13.18 O 2.89 4.59 0.95
Grande Ronde Basalt (High MgO)
R-71 8,37 5.98 20.22 26.79 4.75 4.97 9.82 11.80 O 2.89 3.80 0.73
R-131 9.52 5.98 17.77 28.23 4.92 5.11 9.69 11.56 O '2.89 3.76 0.69
R-523 9.97 7.40 17.51 28.63 5.51 4.45 9.77 9.04 O 2.89 4,19 0.73
Avqg. 9.29 6.45 18,50 27.88 5.06 4.84 9.76 10.80 O 2.89 3,92 0.72
« Frenchman Springs Mbr.
R-76 4,58 4,74 19.71 25.20 6.08 6.98 9.66 12.72 O 2.89 6.13 1.44
_ Pomona Mbr.

R-20 2,34 2,01 16.75 32.44 11.42 5.86 13.58 '8.00 O 2.89 3,89 0.95
R-357 4.40 0.77 13.96 34.68 9.71 5.33 14.60 9.19 O 2.89 3.74 0.88
R-297+ 5,59 1.78 19.03 32,98 11.66 2.30 11.36 2,57 O 8.19 3.93 0.59
R-310%Y 2.65 2.25 22,00 33.17 11.28 2,36 12,77 3.07 O 7.18 2.88 0.64
R-617Y 0.00 2.07 16.58 32.50 8,90 1.46 22.47 4.22 0,18 8.31 3.02 0.45
Avq. 3.00 1.78 17.66 33.15 10.60 3.46 14.96 5.41 0.04 5.89 3,50 0.70
*Gabbroic texture with norm calculated using "international std."” chemical analy.

L9y



APPENDIX 7: POLARITY AND LOCATION OF BASALT SAMPLES
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TILLAMOOK VOLCANICS

Sample No. Polaritv
(X) R=-339 N Swh SW%
R=340 N SE% SW4
(X) R=362 N SEY% SEX
(X) R=-366 N Nwk Swik
(p) R=370 N - NEY% swk
(p) R=375 N NEY% NWk
R-386 N NEX NE%
R-387 N Nwhk Nwk
(p) R=392 - SEY% -SEX%
(X) R=-395 - SWY SWi
(X) R=-398 N swk SEX
(P) R-409 - SWh SE¥
(X) R=-418 N © ONWh NW
R-420 N Swhk sSwk
(P) R-423 N . SE¥% SW
{X) R=-424* - NE} SEX%
(P) R=427 N NEY% NEX%
-|(X) R=-€26 - Nwk S
R-641 R NEX sSwik
R-644 R SE¥% SE%
(X) R-€45a R? swk SEX
(P) R=-645b R swk SEX%
(P) R-64€ N SEY SWik
R=650 R NE% NE%
(P) R-651 R NW NEX.
(X) R=-667 N sek swi
(X) R-672 N SEY SWx
(P) R-€73 N SE% SwWh
(X) R-€74 N NEY% SWi
R=€77 N NEY% sSWk
R-684a N NE% SWk
(X) R-685ab N SWy NEX
R-€85¢ R NE% Nwk
(X) R=907 - Nwk: SWk
MS=7 R NE% NE%
MS=-12 N NEL: NEX
(X) MS=42 R NEY% NEX
MSs=-74 N NE: NEL
(P) Ms=85 - NE% NEX
MS~-194 N Nk NEY
(pP) MS-250 R? st STk
(X) Ms-33% - Swi sWi
MS=-490 N Swk Swk
MS=-580 R? Sy SWh
ME-592,604 N suw: Swk
(X) MS=-£43 N? Wy SW:
(p) MS-€€2 - gwl Sy
MS=£844d R e SWi
MS-808 NT SE% S
() MS-983 R ST S
MS-1013 X SEY SWk-

Location

sec. 8,
sec. 8,
sec. 8,
sec. 10,
sec. 10,
sec. 11,
sec. 11,
sec. 12,
sec. 1,
sec. B,
sec. 9,
sec. €,
sec. 4,
sec. 4,
sec. 4,
sec. 5,
sec. 6,
sec. 28,
sec. 10,
sec. 9,
sec. 9,
sec. 9,
sec. 9,
sec. 17,
sec. 17,
sec. 7,
sec.
sec.
sec.
sec.
sec.
sec.
sec.
sec.
secC.
sec.
secC.
sec.
sec.
sec.
secC.
secC.
sec.
sec.
sec.
secC.
secC.
secC.
secC.
sec.
sec.

~

MMV MANNMA NS s b o s NN
e« % % ® = = = s. s s s NNNMNNDNDNDNOS = &« & =

RO™
ROW
ROW
ROW
ROW
ROV
ROW
ROW
ROV
ROW
ROW
REW
R8W
RBY
R8YW
R8W
R8W
REW
R8W
R8W
REW
R8W
ROW
R8W
R8W
R8W
R8W
R8W
R8Y
R8W
R8"
R8W
R8W
ROY
ROW
ROW
ROV
ROV
RO
R9W
R8Y
REW
R8%
r8%
RA™
387
REW
287
ECR
287

- 8%

E

HHHHHHHHNNNNHNNHHN’1'1'1NHNNH*NHHHHHUHHNHNHQHHNHHNN.QH.Q




APPENDIX 7 (cont, !

Sample No. Polaritv Location Exo

POMONA MEMBER '

{X) R=20 R? NE) SWL sec. 28, TSN, R8W r

(X) R=297h** - SWi NEX sec. 32, T4XN, ROW g

(X) R=310*~* N? SWy swWk sec. 8, T3N, RO9W r
R=314b*+* R? SWi SE% sec. 29, T4N, RO9W r

(X) R=357 R NWY% SE% sec. 9, T3N, ROW g

(X) R=€17** - Nwk NE¥ sec. 29, T4N, R8W s

FRENCHMAN SPRINGS . MEMBER

{X) R=-7€ N? Sw% Nw% sec. 30, TSN, R8W g
R-€8 N? NE% NW% sec. 30, TSN, R8W r

COLE MOUNTAIN BASALT

(P) R=-159 - NE% SWk sec. 11, T4N, ROW r

. R=162 N SW% Sw4 sec. 12, T4N, ROW r

(P) R-192 N Nwk SW% sec. 4, T4N, R8W r

(P) R=-229 N SE% NE% sec.:18, T4N, R8Y r

(X) R=-251 N NE% SE% sec. 8, T4N, R8W q
R=259%a N NEYX NW sec. 20, T4N, R8W r

(p) R-470 N? NW% SEY sec. 25, T4N, RO9W r

{P) R=54¢€ N? NE% SW% sec. 19, T4N, R8W s

{X) R=5€1 N Sw: SE% sec. 17, T4N, R8Y s

(P) R-599 - £y Nw: sec. 20, T4N, R8B8W s
R=-£05 R? SE: Nwk: sec. 20, T4N, R8W s

(P) R=-€10 - SE% Wy sec. 20, T4N, RBY s

(X) R=€14 N NWi NEY% sec. 18, T4N, R8W r

(p) ©-180 - SEX NEL sec. 25, T4N, ROV s

(X) Q-850 N SEY: NEY% sec. 25, T4N, ROW s

(R) QQ-257 - Nwk SEY% sec. 19, T4N, R8W g

“7ELL SAMPLES- CZ 11-28 NwY% sec. 28, TS5N, ROW

(Cc) cz=-1 1940-~1950"'

(X) cz-2 1950-1960"

(Cc) cz=-3 3050-30€0"

(X) Ccz-4 3070-3080"

(pP) 211€-18b 3250-3270"

(P) 211€-30a 4500-4520"

(P) 211€-30b 4500-4520"

() 2116-32 4800-4820"

(Cc) ¢cz=-5- 4900-4910"

(p) 211€-37a £400-5420"

(P) 211€-=37H 2400-5420"

(F) 211€=-37¢ £400=°2420"

469
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APPENDIX 7: (cont.)

GRANDE RONDE 3BASALT
Sample No. - Polaritv Location Exg
(X) R=2 R? SE¥% NE% sec. 19, TSN, R8W r
R=4 R? NW% NW% sec. 20, T5N, R8W r
R-8a N NE% Nw% sec. 20, T5N, R8W r
R=-10 N Swk NE% sec. 19, TSN, R8W r
(P) R-16 - Swi NE% sec. 24, TSN, ROW r
R=-26 N Swl; SE% sec. 29, TSN, RBW g
(X) R-2€a N Swi SE% sec. 29, TSN, R8W ¢
R=-31 N Nwk NE% sec. 32, TSN, R8W r
R-33 N SEY% SWx sec. 29, TSN, R8W r
R-36 . N SE% SE% sec. 30, TSN, R8W g
(X) rR-38 N? NWH% Swk sec. 21, TSN, R8W g
(X) R-40bc N NE% SW% sec. 19, TSN, R8W q
(X) R=45 N SW Sw4 sec. 20, TSN, R8W r
R-47a N Swk NE% sec. 20, TSN, R8W r
(X) R=51 N SE}% NW% sec. 19, TSN, R8W r
(P) R=56 N NWk Swk sec. 19, T5N, R8W r
(X) rR=-60 N Nwk NW% sec. 30, TSN, R8W r
(X) R=71 N NW% NE% sec. 30, TSN, R8W r
R=72 N SE% NW% sec. 30, TSN, R8W r
(X) R=78 N NWH Swk sec. 30, TSN, R8W r
(X) rR=-98 N NE% NE% sec. 35, T5N, RO9W g
‘R=-117 N? SwY SE% sec. 36, TSN, ROW r
R=-123 N NWY% SE% sec. 33, T5N, R8W r
R=127 N? Swk SE% sec. 33, TS5N, R8W r
(X) rR-131 N NWk% NEY% sec. 31, TS5N, R8W . g
R=176 N NEX NE% sec. 4, T4N, R8W r
(P) R~297 N? Swi NE% sec. 32, T4N, ROW g
(X) R=242 N Nw NE% sec. 23, T4N, ROW q
X R=-351 N SW¥% SE¥% sec. 33, T4N, R9W r
(P) R=-448 N? NE% NWk sec. 7, T3N, RO9W g
R-504 N SE¥% SE% sec. 3€, T5N, ROW r
R=510 N SWk Nwk sec. 5, T4N, R8W r
(p) R=-517 N NE% NE}% sec. 23, TS5N, ROW r
(p) R=520 N SwWh NW% sec. 26, T4N, ROW s
R=522 N NE% NWY4% sec. 26, T4N, ROW s
(X) rR=-523 N NWk NE% sec. 26, T4N, ROW s
(P) R=581 N NE% NW% sec. 32, T4N, RI9V =
(X)) R=597 N NEY% NW% sec. 32, T4N, ROW g
(X) R=911 N NWYy SWwk sec. 27, T4N, RSV <o
R-915 N NE!: NEk sec. 23, T4y, RSV r
R=01¢€ N Swh MEL sec. 32, T4N, ROV r
(X) R=917 N Sk NEY sec. 33, T4N, RO r
R=-024 Ry wEL NWR sec. 24, T4N, RO9T ¢
R=-1005 N 1Tk N3 osee. 24, TSN, RO r
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APPENDIX 7 (cont.)

Samnle NO. Location

Cole Mountain basalt (Wash. Co.)

(c) Rccl - NWY WWk sec. 2, T3N, RSY

Tvpe area Goble Volcanics

(X) RTG-1 Swk NE!: sec. 12, TEN, R2W
(C) RTG-5 SW: NW: sec. 17, TEN, R1W

Grave River area Goble Volcanics

(X) RG-1 SE: SW: sec. 9, T1ON, REW
(C) RG=-2 SEL “E% sec. 8, T1ON, REW
{X) RG-3 SE% ST% sec. 23, T1ON, R5Y

**Microgabbroic texture, tentatively assigned to Pomona B.
(p) Petrography sample (C) Chemistry sample
(X) Petrography and chemistry sample

r=roadcut = s=stream-cut g=quarry




APPENDIX 8: PETROGRAPHIC SUMMARY OF IGNEOUS ROCKS

Tillamook Volcanics

1 PHENOCRYSTS GROUNDMASS At COMMENTS
SAMPLE TEXTURE plagan [sizet cg)? Sized Plﬁ. An | Sizel c;xf suo#lopgqlsiui
R-339* [Glomeropor., Pilo.’ T6.3] 60] 1-3 |2.6] .B-2 [44.3]54] .1-.2] 23.3] <¢.1 [1B.3] <.1 [ VS [Zoned Plag. Phenos
R-362 |rorphyritic, Pilo. 3 7] .6-1k} 2 .6=-2 147 61} .1-.,3]30 «.1 113 “el | VS
R-366 {Microporphy, Pilo. 1 2] .4-.7 53 60} .1-.3 ]38 4.1 |12 4.1 ]VS ed Plag. Phenos
R-370 [Microporphy, Pilo. 6 64| .5-1 |1 5 |42 63 .1 28 “.1 [18 “.1 18
R-375 |Glomeropor., Faint.pilod 1 65| 1 1 1 |55 61 .1-.2 |28 .1 |12 .1 |8 |Leucox+Pigeon.Phenos
R-392 |porphyritic, Faint.PiloJ 2 68] 1-2 |1} .5 | 47 50 .1 30 <.1 |18 £.,1 {vsS ned Plag. Phenos
®-395+* |clomeropor., Pilo. 8.7] 65| .5-2 |2.3 1 fe1.3]s9] .1-.3]30.7] 5.1 |12.7] £.1 {vs8 [Embayed Piag. Phenos
R-398* |Glomeropor., Pilo. 0.6] 64| 2 0.2 2 56.7 | S3[ .1-.5 | 24.7}.3=-.2]14.3 .1 | VS [Basaltic HbLl. Pheno.
R-409* |Porphyritic, Paint.pilo] 7.3 | 66(1-2.5]1.6 1 39.7]157] .2 33.3] «,1 |12.3 .1 |VS [Embayed Plag. Phenos
R-418* [Glomeropor., Faint.Piloj13.6] 66].5-1%|0.6 .0 138.7]|5%52] .1-.3|29.7} <.1 |14.3]| £.1 [ VS [Zoned Plag. Phenos
R-423* |Glomeropor., Pilo. 9.3| 64|1-2 [1.3] .5-.7)38.7 54| .1-.2]|39.3]| 4.1 | 9.7 .1 jvs
R-424* |Microglomeropor., Pilo. | 0.6 7.6 0.3 .6 148,71 53] .1-.2]34.3| «.1 |15.7] «.1 | VS ]Boulder in Roy Ck. Mbr,
R-427* [Porphyritic, Pilo. 0.6 ?|1-3 0.3 1 52.3 |55 .4-.%5]135.7|.1~.2|11.7 .1 |V8 |Close to sub-ophitic
R-626 |nphyric, Pilo. 47 63| .1-.2 |37 f.1 {16 .1 |v8 |Distinctly pillotaxitic
R-645a |Glomeropor., Pilo ] 63| 2 1 1 45 56| .1-.3 | 28 ‘el 15 <.1 |S {opaque Phenocryst
R-645b lporphyritic, Faint.Pilo.i7.3| 61]|1-4 1.7 1 32,7160 .1-.3 ]28.7]| &.1 |18.6| <.1 | V5 [Opaque Phenacryst
R-646* |[Porphyritic, pPilo. 3.6]63|1-3 |o0.3 1 |45.7]57] .1-.4 | 28.3| <«.1 | 9.3 .1 |8 jOopaque Phenocryst
R-907¢ |Glomeropor., Pilo, 1.7 | 65]1-2 0.3 1 $2.7 | 52] .1-.5129.3 .1 |12.6 .1 | VS |Oopaque Phenocryat
R-651 |Porphyritic, Faint.PiloJ1$ 67| 2 40 60 .1-.3 | 30 <.1 |10 .1 | M Alt. Pheno. (Augite?)
R-667* |Glomeropor., Pllo. 6.3} 6211-7 5.3 3-7]29.7155| .1-.2 | 36.3] «.1 |18.7 118
R-672* |Glomeropor., Paint.Pilod20.3] 66]/1-4 2.3 1-2 | 37.7| 56| .2-.5] 27.3] «.1 |11.? .1 | v8 |Opaque Phenocryst
R-673 |Glomeropor., Faint.pilo22 68|1-3k |2 1-2 136 561 .1-.5| 26 $.1 |10 .1 | v8 |opague Phenocryst
R-674* |Microporphy., Pllo. .71 58] .5-1 | 0.3 1 62.3 ) 50] .1-.3 | 22.3 «1 [10.7 1|8
R-685* |Glomeropor., Faint.pilod 3.3 | 63|1-2% | 0.7 1 49.3 1 61| .2-.4 ] 30.7].1-.3)11.7 118
MS42 |porphyritic, Faint.pilof10 64[1-2 |4 1-2 ]38 62f +1-.2 |32 <.1 |12 A 1M
M5 85 Glomeropor., Pilo. 0 67{1-2 3 «5-2 143 871 .1-.3 133 <.1 8 o1=.2'M
MS250* |Glomeropor., Pilo. . 13.3 | 63| 2-2) | 3.8 2 38 59| .1-.3 | 32 <.1 [10.5] €.1 |8
MS335* [Microglomero., Pilo, 0.5] 66] .7 0.2 06 147,31 63] J1-.4]33.7] <.1 |12.3] <.1 18
MS643* |Glomeropor., Pilo. 0.3] 2| 1 0.2 1 |55.3160] .1-.4 ] 32.3] <.1 [10.7].1-.2| M
MS662 |Glomeropor., Pilo. 2 7] 2 0.5 1 50 56| .2-.3] 32 £.1 |13 1-.21 8
MS983 |rorphyritic, pPilo. 0.5 7 1 3 «5-2144 68| .1-.4 136 e1-.2}13 «1=-.21 8

All samples have an intergranular groundmass. *Most clinopyroxene

is sugite.
Notes: Pilo.=Pilotaxitic, Alt.sDegree of alteration, VS=Very siight, S«Siight, and M=Moderite. .

*Samples which were point-counted, $Size in nm,
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APPENDIX 8:

(cont.)

COLUMBIA RIVER

BASALT GROUP

TS GR MAS
N
SAMPLEF. UNIT TEXTURE qrhjm iSlu CpxpBiyg Plag. An'u.. cpx* [size [Opsq.|size|clas :." ALT . COMMENTS
% {mm)] % % (mm) | X Hmm) | % {mom)] % 1~
R-20* |Pomona Glomerop.,InterserJ 1 |64} 3 49.3 |[62].1-1 |42.7 2 | 5.3 .2 | 2.7 7 vs
R-357¢*| pomona Microglom, ,Interse d.4.5/62] 1 |.7 |14]40.5 |60].2-.3|25.2] .2 | 6.5] .2 [21.5] 2] s
R-310*| Pomona? Glomerop., Ophitic [18.3] 64 |1k-3] 44,7 |63 ].3 22.3 |.2-4 5.3] .2 8.3] VS |Unaltered Olivine
R~297 |Pomons? |Ophitic : 40 56|.2-,5}29 |.1-3 | 4 .2 1|M-E
R-617¢| pomona? |Ophitic . 50.5 160|.5-1 |21.7].2-3 | 7.6] .5 6.3] 5 {Unaltered Olivine
R-76* | French.Sp. Porphys, Subophit. | 0.5|621-3 46.3 [55].2-.6]137.7}.1-.5] 8.7 .2 | 3.0 S |[calcite »lt.
R=-71* |GR H-Mg Intergranular 45.3 [59].1~1 [43.7].1-.3]10.7 |.1-.5§ vs
R-131*|GR H-Mg Intergrsnular 46.5 157].1-1 ]43.3[.1-,3] 9.5].1-.4 vs
R-523*|GR H=-Mg |Subophitic 49.5 |591.1-1 |41.0).1-1%] 9.0 [.1-.9 s
R-38* lGR L-Mg |Hyalopilitic 32.7 |56 |.1-.2]22.3| .1 ]| 9.3 36.3 s
R-45 GR L-Mg Hyalopilitic 30 $71.1-.2{20 .1 3 45 vs
R-51 GR L-Mg Hyalopilitic 4 55 [.1-.2 7 ] e1 |55 s
R-98* IGR L-Mg Hyslopilitic 39.7 |54 |.2-.7]|28.3 .l 8.3] .1 |28.0 -
R-242 |GR L-Mg intersertal 55 $57{.1-1 |33 1= 8 | .3 |4 s
R-597¢|GR L-Ma Hyalopliitic 33.0 [83].3-1.]11.3 .1 54.7 s
RR-40 |GR L-Mg |Hyalopilitic ie 55].1-.7]23 1] 4 .1 [37.3 s
R-24 |GR L-MaHT |Hysliopilitic 41.3 [56}.1-.3|30.3] .1 | 8.7] .2 [20.3 s
R-16 GR L-Mg? |[Intersertal 50 511{.2~3 [36 .2 8 .2 6 s
R-56 |GR 1-Ma? [Intersertal 44 60].1-1 |30 .2 a .1 118 M
R-297 |GR L-Ma? lHyalopilitic . 42 541.1-.2]21 119 1 30 s
R-517 |GR L-Ma? |[Hyslopilitic 0.2|64 |3 30 56].1-.8125 o1=.7 493 ]
R-520¢|GR H-Mg? [Subophitie 54.3 [55].4-1%]37.3 ]|.3-14] 8.3 |.3-1 vs
R-581*|GR L-Mg? |Subophitic 54.0 |57].1-.3]33.7].1-.5] 9.3 ].2-.4 -]
RR=-448|GR L-Mg? |Hyalopilitic 40 S2].1-.3]28 .1 ? . 25 s
*Most clinopyroxene is sugite. .*Samples which were point-counted.
Notes: Glomerop.=Glomeroporphyritic, Intere.=Intersertal, Alt.=Degres of alteration, VS=very Slight, S=Siight,

Memoderste.
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APPENDIX 8: (cont.)

}__zmmxm GROUNDMASS 1s |2

SAMPLE TEXTURE plag.[an | size [cpx'|size [Plaglan | size fcpxt]sizeopagsize atdls |3 uNIT
(mm) X |(mm) |} % (em) [ X | (mm)} % mm) | % |00

R-159* [Glomeropor . ,Hyalopilitic 23.3 |65 |.5-1.5]| 2.3 ] .5-1]|18.0|52 [.1-.2] 3.5 .1] 9.5 |.1~.3 |28.5]17}ve

R-192 [Hyalopilitic 30 |55 |.2-.8[]6 | .2]4 1 f6o | 1lve

R-229 [dyalopilitic 60 54 |.1-2 |10 2= 5 .2 |25 L COLE

R-251* [porphyritic,Hysloptlitic | 1.0 ] 2 2 42.7|%6 |.4-.8|12.7.2-. 4.7 .2 |37.2 3!3

R-470 |Intersertal . 4 45 |57 [.1-.8]15 «1-2'5 .2 |20 J15]|M

R-546 |Interaertal 45 |53 |.1-.5]20 | .1-2 2 - .2 |18 7{M4 | MOUNTAIN

R-561* [Glomeropor.,Intersertal 20.5 |58 | 1-2.5}2.5]|1-2 |35 ? «1 12 .1]8.%].1-.5]23.0 S

R-599 [Glomeropor.,Hyalopilitic |17 60 |[,%=-2 4 4-1 | 8 ? .1 0.5 . 71 S

R-610* [Glomeropor.,Hyalopilitic 3 169 41,5156 |.1-.3 2.3 .1 J32.0 S BASALT

R-614* |Intersertal . 61.3]57 |.3-2 8.7.3-.9 5.3 .1 |25.7 S

Q180 |Porphyritic,Hyalopilitic 15 62 [.5-1 2 -4 73 VE

Q850* [Glomeropor.,Hyalopilitic 20.5 | 66 [.5-2.5| 4.5 [.3-3 21,353 o1 4. «1]16.5 «1 J29.5 S

QQ257 Hyalopilitic . 40 58 |.3-.511 o1 59 S

RTG-1 [|Porphy..Intergran., F.Pilo |29 63 1-3 4 1 36 ? «2 |26 117 o1 VS | TYP .GOBLE V.

RG-1 Glomerop.,Intergran,,Pilo. |10 64 1.5 3 1 43 ? J.1=-.3]32 -1 13 .1 VS | GRAYS RIVER

RG-3  [Porphyritic, Interg..,Pilo.| 2 |60 | 1.5 49 |s6 |.1-.3[37 .1 h2 .1 vs | GOBLE voL.

Cz-2 |[Intersertal Co sS 157 [.1-.8{33 [ -s2]6 [.1-.4] 4 vs F]

cz-4 Porphyritic, Intersertal 0.5 ? 2 52 |54 [.2-.5]30 .21 2 17 VE [>4

211618 [Intersertal ss | 2 |.2-.7]31 | .2}o0 2|4 s Wt

211630aGlomerop, . Intergran.,Pilo. | 2 60 ‘2 53 ? .1 |33 12 o1 E] . 14

2116304Glomerop. ,Intergran,,Pilo. | 2 | ? 2 50 |562)] .1 |3s .13 S | S | Tillamook 3z

211632 porphy.,Intergran., Pilo. 3 ? 1 50 ? .1 135 «1 12 .1 S volcanics [i

211637aIntergran., Pilotaxitic 55 ? .1 |38 .1 10 o1 S o

211637Glomerop., Intergran.,Piloy 2 ? 1 1 53 ? f.2-.3]36 119 o1 £ BL!

*Most clinopyroxene is augite. *‘percent Glass, may also include unldogtlﬂtblo groundmass and partially devitrified glass.

Percent vesicles and amygdules. * Samples which wers point counted. ¥Small samples, difficult to estimate percentages.

Notes: Glomerop.=Glomeroporphyritic, Pilo.=Pilotaxitic. Interg.=Intergranular, Alter.=Degree of alteration. VSe=Very slight
S«S1ight, M=Moderate, and VE=Very Extensive.
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APPENDIX 9: PETROGRAPHIC SUMMARY OF SEDIMENTARY ROCKS
lyRF{pAS . +AND, )% | 2 nin
sl BEFEBERE §§ §§§§§ 8%
ROUNDING
woween | SIS ER IS B 518 [FlRiargh S : CoMENTS e
kad U8 3 A3 130 B o
R-338a|63 |45 § 3| 15]08 |1 |[«1 <1]1(2]12 |10 [Subrounded’] ¢ |[Cont. foram and mollusk frag.
R-339 |67 |4¢ ] sj20]2]1 |1 2115 |10 [subrounded!] vc |Common pyrite
r-365 (80 |63 | 7]10| 1 }.5 ] |2 16 [Subrounded’] ¢ |Plastically def. VRF ROY
R-398b (78 65 5 8141 |1 <1{1]2] 3 |12 Subrounded?l € Fractured plag.,mollusk frag.
r-625+|82 |61 |15 S 1Y |<1 3] 1 |15 |subrounded?| ¢ |well develop. radial chlorite cement
R-287 |77 |50 |12]15]S5 |1 |«1 2] 1 115 {subrounded”! r [contains occ. large (4mm) scoria clast CREEK
r-289 |78 152 |11]15]8 « 2] 1 |12 |subrounded?’] ¥ |common clay-filled burrows
R-398a 62’* 5 ]1 |2 2 8 |subrounded’l P |well compacted
r-443 |83%Y] sl |« 2 10 |Subrounded'| r [VRF are cxtenllvolx sltered MEMBER
R~-630*|72 57 6 ol |<1 3 15 jSubrounded r Well developed radial chlorite cement.
R-637 |79 |51 |18j10]8 |1 |« 3 11 |Subrounded‘] r
R-792 |80 |60 J10[10]|S5 |1 |«1 2 12 |subroundedt * |[well developed radial chlorite cement.
r-604 |58 |31 |15 |12 25 2 17 |subrounded!l r [pistinctly laminated. SWEET
rR-616 |75 55 |10] 10| 4 o1 2|18 | 1 |subrounded®] P |Minor pyrite HOME CK.
rR-221 |62%* 216013 |1 |1 1 32 |Subangular vF are extensively altered to clay. MEMBER
RQ-350{77 17|60 3 |1 R 1}]20 Subang=Ang.}] C lNorn. graded, contains glauconite. mct?f"n'i.

191aqloclale ranges from An
to very small pore spaces.
detrital clays from diagen
plagioclase is subangular.

g

4S5 to An 65.

4much of the
clays. *Samples which have

VRF are t

2uost or all clinopyroxene is augite. 3Poroulty is difficult to estimate due
clay is chloritic cement, surficial weathering makes it difficult to distinguish
been point-counted. +VRF are subrounded to rounded and
oo altered to detérmine original textures.
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APPENDIX 9 (cont.)

R *a R [ ®n n n F] %]
*3:55**5%5,,%3%;55
zu!l o bola 3 |3 w | W 2|
a%§§§§*°a»§§wiééf§§§§§§ g | comvENTS T
R R RHEEE TEEE ] R |
. ol m !,
R-145* |13 1 Pple |efp|p] PlP]P ? ? 1 60 ISA-SR | VF |Extensively bioturbated.
R-179* 136.3|2.5| 2.8|12.5|?2 | 1 |6.5/3.5/1] 1] 3.5 4.0 1 4.d 15.5 |SA-SR | VF |occ. well-rounded qtz. JEWELL
R-180 |34 3 4 11 111 |6 3 11| 8 3 1 4 15 SA-SR | VF
R-181 |37 2 4 10 1 S 3 1(2|8 3 1 3 13 SA-SR | F Occ. burrows, MEMBER
R-353 [38 |8 3 11 1 3 2 1] 9 5 1 4 11 SA-SR | F [Feldspars alt. to clay. of the
R-377 |M 7 3 10 1 7 2 1117 3 1 5 15 SA-SR | F KEASEY
R-382 |36 5 3 6 1 6 2 1{ 8 3 1 4 18 SA-SR | F
R-532 {33 2 5 5 1 7 3 119 3 1 3 16 SA-SR | P Rare well-rounded qtz. FORMATION
R-623 137.3]4.5/3.7] 8.2]1 4.5/0.5/1 ] 2]14.0] 3.9/ 1 3 16,7 |SA-SR | F
_ o 125X glasa shards. Also PITTSBURG
R-323a% 8.0|1.5/ 6.6] 2.3 1.3]1 1| 2.0} 3.5 1M] 9]2 [22% | 27.5] sa \43 has foram: and diatom frag. BLUFF
|R-323b] 9 1 5 2 2 1 1] 3 5 ™ 2 2 55 8A VF [Common alt, glass shards. FORMATION
R-451 | 2 |1 |=a so* | M| 1]2 17 SR F |Rare siltstone clasts{1l cm) SMUGGLER
R-580 |30 (9 |7 4 11 |2 5 3 1 3 18 |SA-SR | ¢ |Baked. Common alt. clasts. covs
R-758*[ 1 |1 |S5.5| 2 1 1 111 4 IM[47|1 | 9 29 |.-A-R | F |Rare carbonaceous debris. FORMATIO"
|{R=872 3 35 1 60 SR S VRF have felted texture
Also 1% each myrmekite,pyrite, SMmUGLLAL
R-311+129.5|8.5/6.2]17.5|1 |1 |1 1.5 114 6 M3 2 (15 5 SR-SA | F |granitic RE,perthite,organics covz
R-925+127.3|5.0{ 4.2 5.5(1]1 (1 |1 113 {4 |12 4 31 |SR-SA | VF |Common organic debris. FORMATTON
R-928 |29 3 4 9 1 1 1 113 4 |18 5 35 SR-SA | VF |Occ. organic debris. BALLPARK
R-929 7 1 1 1 90 SA s Baked, Lam., has porphyroblast UNIT
R-930+]25.5[8.2| 4.0| 8.3(1 1 |3 4 4 |1 7 18 [SA-SR | M [7% siltstone rip-up clasts., W
R-662* [35.7]4.7] 5.7|12.7[1 {1 [2.5}2 111.5]| 7.311 3 25 SA-SR | F Myrmekite, com. iron oxide. ANGORA PX
R-589 |35 5 5 11 1 2 2 114 6 J]I 4 25 SA~SR | VF |[Common iron oxide. MEMBER

*Samples which have been point-counted *Highly altered volcanic rock fragments (VRF).
Notea: A=Angular, SA=Subangular, SR=Subrounded, R=Rounded, S=Silt-sized.

9Ly



APPENDIX 10: HEAVY MINERAL ANALYSES

UNIT ROY CREEK MEMBER SWEET HOME CK. .M/ JBH]L&VMEMBER OF KEASEY FORMATION
< emwiE [ 280 | 339 | 365 [ 398 | 419 137 | 145 [ 179 [ 181 | 353 | 377 | 382
MINERAL ag 3p|ap 3p|4n 38lap 3p|ap 34|364]620(6281629] 457341 4p 3g]|ag 3p|4p 38|48 39|4p 3s|4d 38

[ ] [ ]
AMPHIBOLES
Hornblende VR R Rjc Oo]a R
Lamprobolite : VR
Actinolite
| Tremolite VR R R VR
PYROXENES
ypersthene VR VR R
Muglite 0 O |IA C|JA A |A C VA A (o] R |VR VR VR VR
piopside
MICAS
Biotite’
Muscovite
Chloritic . RIR R RIR R R
EPIDOTE
undiff. VR VR R |VR
Clinozoisite VR
Z1RCON
Colorless h
Pink VR
Oranqe
GARNET
Colorless VR VR VR
pink VR
TOURMALINE
Blue
Brown-Grn, R VR
KYANITE ) VR
STAUROLITE ;
MONAZITR
RUTILE VR
R
c

-]

-
Y r s 2]

3
]
oo
=3
Poo
Foo

0O p=0O

(-]
;(1 -
Ve
-] ® PO>

Z0 po»
b

o s
50 |5°

» lm» ko=

VR | O |VR

3° 8%
20 |=>

§;§O >
§¢D

oY
=
3
-]
-]
-]
-]
o O
0 O
>
o
8 O
o
=
<O

R_VR |

3
3
]

VR
R VR
VR

<
>

VR

3 3
3

SPHENE
APATITE VR VR
ANDALUSITE VR VR
SILLIMANITE . VR
OPAQUES
Magnetite L ‘el o
Hematite
Ilmenite VA
Leucoxene n
pvrite R
pyritiz,.Forams

-
=
o33
-
3

3
3

(2]

vC cjo O |C VC

£}

o R
o |vr
Ve |vC
ve A

veC

00
o0
an o
o0 o

<

(]

<

(¢

]
B>XQ>
» 0

Br»>» O
<0<

corxy>
00> O
co»=za
00> »
0o>» »
ZOo>» O
t LY X-$

C
A VA

»y¥yru® O
»>»0 »» =

pyritiz.Diatoms ve | A
¥HEAVY MINERAI] 3 .218 2 ].51 ]S 6 |6 9 j<.1]«.114.21<,1}.8 .2}.2 .2/.4 .2}.6 .2}2 .8]y ,71.3 ,2

VA(Very Abundant)>45%, A{Abundant) 25-45%; vC{Very Common) 15-25%, C(Common) 10-15%, 0{Occa -
R{Rare) 1-5%, VR{Very Rato)<1$?p ‘CONbln;d 4.50 and 4p ' ' + Oloccasional) 5-10%,
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APPENDIX 10 (cont.)

UNIT

PITT.BLUFF

S.C.£ ]

Ballpark unit

S.C. fmJANGORA PK.

C211-28 WELL

|MINERAL

AMPLE #

323
44 3¢

658¢c
4 3¢

451
44 3¢

311
a¢ 3¢

312
ag 3¢

928 | 930 | 589

ag 3g|ag 3g]ag

3

662
ag 3¢

cZ
06

CZ |cz
21* | 2¢

26

AMPHIBOLES
Hornblende
Lamproholite
Actinolite
Tremolite

[o]

R Rlo’
VR

VR

[o]

NES
Hypersthene
Augite
Diopaide

53
>3

VR

o0
o=

VR

MICAS
Biotite
Muscovite
Chloritic

O

00
<0
Q

[+ N+ ]
[+ Ne]

3

EPIDOTE
Undiff.,
Clinozoisite

ZIRCON
Colorless
Pink
Orange

5° s

GARNET
Colorless
Pink

VR R
VR

o o

[ TOURMALINE
Blue
Brown=-Grn.

3

E
°

©

ANITE
STAUROLITE
MONAZITE
RUTILE
SPHENE
APATITE
ANDALUSITE
SILLIMANITE

©

3

53

3
3
3

3
s
355

5 3

OPAQUES
Magnetite
Hematite
Ilmenite
Leucoxene
Pyrite

Pyritiz . Forams
Pyritiz.Diatoms

ve

c vC
OR

VC A

C A
0o Ve

vCc C

vC vC
vC vC

o C
o C

VA VA

VC VC{VC A

VC VC|VC A
c C

>0 ©

c C

<o o

vCc vc
VC A

»>»»00 O
»>»0N000 O

>> 0

[XIEAVY MINERALS

22 42

0242

o7 .2

8 3

1.3 4

2_,2].5 .41.2

.2

2 7

(-1,

<) <.

<1

VA(Very abundant }»>45%, A{Abundant) 25-45X, vC(Very Common) 15-25%, C{Common)
0{Occaaional) 5-10X, R(Rare) 1-5X, VR(Very Rare)«iX.

*Comhined 4.5¢0 and 4¢

10-15%,
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APPENDIX 11: GRAIN SIZE ANALYSIS

- — -~ VER
A3 L) - . O g ] L] a &
-~ o - > € o|l~uen e e} u~ luwn [+ ] -t o
cg | el §| T | &5 | 85 [2ze] & 3| 8§ §5 § k- & 8 PR
s |#d §3| 5| § |5 |eE|s88| B3 | £ |55 |85d 3 s |2 | 3 [& |3E%
£ |42 [#c|-# | & |88 |a8|584]| a8 | | 8» [£88 -3 £ 18 )& |2 488
Beach [Yacl -0.5 -0.98 -0.99 0.50 -0,03 -0,0 25 % (o VvC: [T :Sym to 1,22
339 -2.0 -2.54 -1.91 1.83 3,38 0.66 4.92 1.58 12.5 VF.Grav VF.Grav Poor V.Pos V.Lepto 1.
ROY 339+ -2,0 -2.91 -2.59 0.80 1.39 0.61 1.67 1.01 12.5 vc VF.Grav Mod V.Pos Maso 1.47
365 1.0 0.52 0.58 0.74 1.54 0.27 1.16 2.21 2.6 Coarse Coarse Mod Pos V.Lepto . 1.22
CREEK [365* 1.0 0.52 0.58 0.57 0.98 0.09 0.03 1.40 2.6 Coarse Coarse Mod N.Sym Lepto 1.22
398 -0.5 0.00 0.28 1.34 2.32 0.38- 2,05 1.03 3.9 vc-C Coarse Poor V.pos Meso 1.73
FORMATION|419 1.0 0.74 0.94 1.29 2.12 0.14 1.07 1.05 2.2 Coarse Coarse Poor Pos Meso 1.77
289 2.5 2.50 2.59 0.60 1.05 0.27 0.75 1.11 0.3% Fine Fine Mod Pos .Mes-Lept 1.30
630 3.0 2.36 2.28 1.12 1.69 -0.09 -0.28 0,84 0.80 Fine Fine Poor N.Sym plat 1.77
137 3.5 3.40 3.66 0.84 1.38 0.43 1.05 1.I% 0.23 ,25.0 V.rine V.Fine Mod —V.Pos Lepto
137+ 3.5 3,19 3.18 0.42 0.67 -0.11 -0.24 0.86 0.25 V.Fine V.Fine Well Neg-Sym Platy
145 3.5 3.80 3.82 0.77 1.28 0.11 0.49 0.95 0.19 42.3 V.Fine V.Fine Mod Pos Meso
145+ 3.5 3,34 3,31 0.52 0.58 -0.17 -0.25 0.88 0.21 V.Fine V.Fine Mod Neg Platy
JEWELL |179 3.0 3.32 3.51 0.87 1.60 0.33 0.97 0,95 0.25 25.1 V.Fine V.Fine Mod V.Pos Meso
179+ 3.0 3.00 3.04 0.45 0.75 0.06 -0.01 0.93 0.27 F.~VF V.Fine Well N.Sym Meso
181 3.0 3.19 3,41 0.95 1.56 0.34 1.11 1.00 0.30 27.3 V.Fine V.Fine Mod V.Pos Meso
181+ 3.0 2.95 2.97 0.50 0.84 0.00 -0.10 1.01 0.32 Fine Fine W.-M. Sym Meso
MEMBER [353 2.5 2.84 2.48 1.16 1.78 0.35 1.36 0.73 0.37 - 23.4 Fine V.Fine Poor V.Pos Platy
353+ 2.5 3.02 2.52 0.62 1.00 0.20 0.57 0.82 0.40 Fine Fine Mod Pos  Platy
377 3.0 3.05 3,31 0.98 1.65 0.50 1.20 1.13 0.32 22.3 V.Fine V.Fine Mod V.Pos Lepto
377« 3.0 2.89 2.90 0.52 0.89 -0.05 -0.22 0.89 0.35 Fine Fine Mod N.Sym Meso
382 3.0 3.32 2.84 1.00 1.59 0.18 0.78 0.89 0.38 33.9 V.Fine V.Fine M-P Pos Platy
382¢* 3.0 3.40 2.86 0.58 0.90 0.01 -0.10 0.82 0.45 Fine Fine Mod Sym Platy
532 3.0 3,06 3.31 0.90 1.53 0.44 1.43 1,39 0.27 20.2 V.Fine V.Fine Mod V.Pos Lepto
532+ 3.0 2.89 2.94 0.49 0.82 0.10 0.07 1.10 0.30 Fine Fine Well N.Sym Meso
623 3.0 3.12 3,50 1.37 1.59 0.44 1.18 1.03 0.31 26.8 V.Fine V.Fine Poor V.Pos Meso
623* 3.0 2.95 2,91 0.63 0.78 -0.17 ~0.35 0.90 0.34 i . Ne
PITTSBURG . . . V.Fine V.Fine Pos
£LUW FM. l658¢ 4.0 3.74 3.83 0.68 1.10 0.18 0.37 0.98 0.19 V.Fine V.Fine Mod
SMUGGLER 3.0 0.89 ¥ Pos Meso
cove fm. |4 3 0.50 Fine Fine W.-M. Sym PpPlaty
3 3.0 1.03 Fine ~ V.Fine poor V.Fos Lepto
SMUGGLER (3334 3.0 2,64 2.67 0.63 0.99 0.06 0.08 0.93 0.38 Fine Fine Mod N.Sym Meso
COVE " 1312a 4.0 3.64 3.68 0.78 1.33 0.41 0.17. 1.07 0.23 31.6 V.Fine V.Fine Mod  V.Pos Meso
| FORMATION |312a% 4.0 3,32 3.33 0.50 0.82 -0.70 -0.39 0.97 0.25 V.Fine V.Fine W.-M. V.Neg Meso
BALLPARK 928 3.5 3.63 3,51 0.67 1.20 -0.32 -0.85 1.28 0.38 19.9 V.Fine V.Fina Mod V.Neg Lepto
uNLT 928 ¢ 3.5 3,45 3.28 0.66 1.14 -2.25 -1.15 1.18 0.43 V.Fine V.Fine Mod V.Neg Lepto
930 1.5 1.85 2.44 1.59 2.37 0.48 2.16 1.01 0.80 21.3 Medium Fine Poor V.Pos Meso
{930° 1.5 1,55 1.63 0.83 1.42 0.20 0.71 1.17 0.86 Modium Medium Mod Pos _ ‘Lepto
ANGORA 589 3.0 337 3.88 1.6 . . . . . -2 V.Fine V.Fine Poor V.Pos Platy
PEAK 589 ¢ 3.0 3.00 3.00 0.46 0.75 0.02 -0.01 0.96 0.26 F.-VF F.-VF Well N.Sym Meso
MEMBER 662 3.0 2.95 3.18 0.9%1 1.60 1.80 1.07 1.40 0.34 18.7 Fine V.Fine Mod Pos Lepto
(Astoria r)|662¢ 3.0 2.84 2.82 0.51 0.87 -0.06 -0.14 1.25 0.35 Fine Fine Mod Neg Lepto

1por explanation of terms see Folk and ward (1957).
*Recalculated without the less than 4.5¢ size. fraction.
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Sample no.

R=-248 (T)
R-287 (T)
R-289 (T,H,S)
R-338a(T)
R-339 (T,H,S)

R-365 (T,H,S).

R-398a(T,H,S)
R=-398b(T)
R~-419 (H,S)
R-443 (T)
R-625 (T,E)
R-630 (T,S)
R-637 (T)
R-792 (T)

R-221 (T)
R-364 (H)
R-604 (T)
R=-616 (T)
R-620 (H,E)
R-628 (H)
R-€29 (H)

RQ-350(T) .

R-137
R-145 (T,H,S)
R-179
R-180
R-181
R=-353
R=377
R-382
R=532
R=-623

R=323a(T)
R=-323b(T,H,S)

R-451 (T,S,H)
R-580
R-758
R=872

R-311
R-312
R-925
R-928
R-929° _
R-930 (T,H,S)

R-589¢(T,H,S)
R-662 (T,H,S)

(T)=Thin-section (H)=Heavy mineral

swh
Swk
NE%
Swk
swk
SE%
swk
SwWy
NE%
NEX
Swk
SE%
swk
SE%

Nwi
NEX
SEX
SEX%
NE%
Nw;
Swk

SE%

Nw;
Nw
Swi
swk
SEX
Swi
SEY

SEX

Location

Nw
SE%
NE%
Swi
Swi
SE4
SE%
SE%
SE%
SE%
Nwi;
swk
SE¥%
Swh

swy
SE%
Nwk;
Swh
NE
Swh
Swh

NEY

Nwi;
Nwi;
NEX
NEX
NE%
SE%
SE%
SEX
Nw
Sw

Nw

NE%
NE%
Nw
Nwh;

sec. 16,
secC.
sec.
sec,
sec.
sec.
sec.
sec.
sec.
sec.
sec.
sec.
secC.
sec.

SecC.
sec.
sec.
sec.
sec.,
sSec.
sec.

secC.

sec.
secC.
secC.
secC.
secC.
secC.
Sec.
secC.
secC.
sSec.

secC.
secC.
sec.

21,
21,
21,

32,
32,
36,
26/,
31,
31,
34,
33,
33,
33,

31,
31,

secC.
secC.
secC.
secC.

secC.
secC.
sec.
secC.
secC.
sec.

secC.
secC.

‘T3N,

R8W
R8W
RBW
RBW
ROW
ROW
ROW
ROW
R8W
ROW
R8W
REBW
R8W
RBW

R8W
ROW
R8W
R8W
R8W
R8W
R8W

R9W

ROW
ROW
R8W
R8W
R8W
ROW
ROW
ROW
ROW
R8W

RBW
RBW
RBW

ROW
R9W
ROW
ROW

ROW
ROW
ROW
ROW
ROW
ROW

T4N,
T4N,
T4N,
T3N,
T3N,
T3N '
T3N,
T3N,
T3N,
T3N,
T4N,
T4N,
T4N,
T4N,

T4N,
T3N,
T4N,
T4N,
T4N,
T4N,
T4N,

T4N,

T4N,
T4N,
T4N,
T4N,
T4N,
T3N,

T3N,
T4N,
T4N,

TSN .
TSN,
TSN,

T4N,
T4N,
TSN,
T4N,

T4N,
T4N,
T4N,
T4N,
T4N,
T4N,

T4N, ROW
T4N, R9W

(S )=Sieve

r
r
r
r
r
r
q
q
r
r
s
8
r
r
r
r
S
S
S
8
8
S
r
r
4
r
r
r
r
r
s
r
r
r
r
r
r
r
r
r
r
r
r
r
r
r
r
(

ROY
CREEK
MEMBER

of the
HAMLET

FORMATION

SWEET
HOME
CREEK
MEMBER

COLE MTN.
BASALT

JEWELL
MEMBER
of the
KEASEY
FORMATION

PITTSBURG
BLUFF
FORMATION

SMUGGLER
COVE
FORMATION

ANGORA PEAK
MEMBER

E)=SEM
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APPENDIX 13: SOURCE ROCK GEQCHEMISTRY AND POROSITY

V.R. Kero. Kerogen Generation Stage of
Sample Unit XTOC %RO Type* 0il/Gas _ Rating _ Diagenesis

R-628 S.H.C. 1.1 0.53 M Gas Non-Source Early Gas
R_559+ s.HOCO 009 —en - -enen -—nemas -

Q=570 L.Jew. 0.9 0.58 M Wet Gas Marginal Early Gas
R=-529 U.Jew 0.9 0.72 A Wet Gas Marginal E. Peak Gas
R=-66%+ BgUa cn = 0.57 = = == — —

* yisual kerogen type: A=Amorphous M=Mixed

+ Extensively baked near a sill, '

++sample from “coaly"” bed. Total organic carbon is
approximately 70%. Analysis by Tim England, ®¥niv. o
British Columbia. :

Total Effective Permeab.*
Sample Unit Poresity(%) Porosity(%) _(m.d.)
R-928 Ballpark unit S.C.f. 29.4 16.4 0.12

R-658¢c Pittsburg Biuff F. Too Priable for Analysis

*permeability was determined from effective porosity
using experimentally derived equations for “shaley
sandstones" (perm.= eff, por. X 0.03e-37). Therefore,
the permeability value is very approximate.

Note: All of the above analyses were performed by AMOCO
Production Company through Terry Mitchell and
Jill Schlaefer unless otherwise noted.

Location of Samples

Sample Exposure lLocation

R-66 road Nwk Nw)k sec. 30, TSN, R8W
R~=-529 stream Nwk Nwh sec. 25, T4N, R9W
R=559 stream Swk SEY% sec. 17, T4N, R8W
Q=570 stream SE% NE% sec. 25, T4N, ROW
R=-628 stream NE% Sw% sec. 28, T4N, RS8W
R-928 road SE% NE% sec. 33, T4N, ROW
R-658¢c road SE% NW% sec. 21, TSN, R8W




APPENOIX 14: PROTON PROCESSION MAGNETOMETER TRAVERSES
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APPENDIX 14: (cont
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APPENDIX 14: (cont.)
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APPENDIX 1S: LOCATION OF MAGNETCMETES TRAVEF

A

A'

Traverse -
P

Location

Along God's Valley Road from NE% SE% sec. 7, T3N, R9¥
to SWY% SW sec. 8, T3N, R9W.

Short traverse along logging road located in SWh SWy
sec. 8, T3N, R9W.

Short traverse along logging road located in NW4 SEY -
sec. 4, T3N, R9W.

Along logging road from Nwh NE%: sec. 4, T3N, ROW tc
SW% SE4% sec. 33, T4N, ROVW.

Along Rector Ridge Road from NE% SE% sec. 9, T3N. ROV
to SE4 NWi sec. 9, T3N, R9W.

Along logging road from SE% SWk sec.. 33, T4N, R9W to
SWi Nwk sec. 33, T4N, R9W.

Short traverse in Nwy SWk sec. 33, T4N, RIW.
Along Crawford Road in NEk SWi sec. 2, T3N, R9IW.

Along logging rocad from Nwi Swk sec. 2, T3N, R9W to
Nw¥ NEX sec. 2, T3N, ROW.

Along logging road from NE% SEX% sec. 9, T3N, R9W to
NE% SWx sec. 10, T3N, R9VW.

Short traverse along logging road in NE% SEY sec. 9,
T3N, ROW.

Short traverse along logging road in NW4 sSW4: sec. 22,
T4AN, RE8W.

Aiong God's Valley Road from SW!: S7% sec. 8, TN, ROV
to Stk Sy sec. 8, T3N, RSV.

aAlong logging road from W% 3%: sec. 32, T4W, R87 to

Nl SEk sec. 32, T4W, R[8EV.




APPENDIX 16: LOCALITIES MENTIONED IN TEXT
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Locality

Number

2

4
8a
13
20
22
29
40a
41
46
48
€6
93
98
99
116
117
124
137
142
145
1€3
164
1¢€5
17
180
181
191
192
193
198
206
212
219
221
226
248
251
257
258
287
289
297
310 -
311
313

Location

SEX
NE%
NW;
Swi
NE%

SEX
- SWi

NEk
SEX%

swh

NEX
Swi

SwWi

secC.
secC.
secC.
secC.
secC.
secC.,
sec.
secC.
secC.
secC.
sec.
sec.
secC.
secC.
secC.
sec.
secC.
sec.
secC.
secC.

secC.

secC.
secC.
sec.
sec L]
sec.
secC.
secC.
secC.
secC.
secC.
secC.
SecC.
secC.
secC.
sec.
secC.

; secC.

gecC.

: SeC.
: g€ecC.

sec.
sec.
sec.
sec.

“ secC.

4,
4,
5,

UL bbb
- - -

8,

TS5,
TSW,
TSN'
TSN,
TSN,
TSN,
TSN,
TSN,
TSN,
TSN,
TSN,
TSN,

TSN,

TSN,
TSN,
TSN,
TSN,
TSN,
T4xN,
TSN,
T4N,
T4N,
T4N,
- T4X,
T4N,
T4X,
T4N,
T4N,
T4N,
T4N,
T4N,

R8W
REBW
R8W
R8W
REBW
R8W

R8W

R8W
R8W
R8W
R8W
R8W
ROW
ROW
ROW
ROW
ROW
R8W
ROW
ROW
ROW
ROW
ROW
ROW
R8W
RBW’
RB8W
R8W
R8W
R8W
R8W

12, T4N, RO9W
7, T4N, R8%W
6, T4AN, R8Y
8, T4N, R8W

8,

T4Y,

R8™

16, T4N, R8W
8, T4N, R8Y

19,
20,
28,
32,
32,
3,

35,
31.,

T4N,
T4N,
T4N,
T4X,
4N,

2N,

T4,

Tav,

RE%W
rRe%w
REY
REW
Rg'.?
RSV
A
RGY

Qutcrop

RC
RC
RC
RC
RC
RC
RC
RC
RC
RC
RC
RC
RC

RC
RC
RC
RC
RC
RC
RC
RC
RC
RC
RC
RC
RC
RC
RC
RC
RC
RC

RC
RC
RC
RC
~

RC
RC
RC

-
s

’C
RC

Ixd

1Y




APPENDIX 16 (cont.)

Locality

Namber

314
320
323a
323b
327
328
329
330
332
339
353
357
362
365
366
375
377
382
398
401
408
409
419
424
425
451
522
528
529
532
533
535
542
548
550
552
553
554
558
560
563
575
580
5843
€89
€92
293
53¢
€24
£05
207

ZY N
-

SE%

Location
sec. 32, T4N, R9W
sec. 21, TSN, R8W
sec. 21, TSN, R8%W
sec. 21, TSN, R8W
sec. 9, T4N, R8W
sec. 16, T4N, R8W
sec. 16, T4N, R8W
sec. 16, T4N, R8W
sec. 9, T4N, R8W
sec. 8, T3N, RO9W
sec. 4, T3N, ROW
sec. 9, T3N, ROW
sec. 8, T3N, ROW
sec. 9, T3N, RO9W
sec. 10, T3N, ROW
sec. 11, T3N, ROW
sec. 2, T3N, ROW
sec. 2, T3N, R9W
sec. 9, T3N, ROW
sec. 10, T3N, ROW
sec. 12, T3N, ROW
sec. 6, T3N, R8W
sec. 5, T3N, R8W
sec. 5, T3N, R8W
sec. 5, T3N, RS8W
sec. 32, T4AN, ROW
sec. 26, T4N, ROW
sec. 26, T4N, ROW
sec. 25, T4N, ROW
"'sec. 25, T4N, ROW
sec. 25, T4N, ROW
sec. 25, T4N, ROW
7 sec. 25, T4N, RSW
sec. 20, T4N, R8W
sec. 20, T4N, R8Y
sec. 20, T4N, R8W
sec. 20, T4N, R8W
sec. 20, T4N, RS8w
sec.. 17, T4N, R8W
sec. 17, T4N, RS8W
sec. 17, T4N, R8W
sec. 16, T4N, R8W
sec. 32, T4N, ROSW
sec. 32, T4N, R9W
sec. 31, T4N, RoW
sec. 31, T4N, ROV
sec. 31, T4N, ROV
sec., 32, T4, ROV
sec. 20, T4N, RrR87
sec. 20, T4w, R8s
sec., 20, T4N, RS%Y
sec. 20, T4%W, R2V

Cutcreop

Q
RC
RC
RC
RC
RC
RC
RC
RC
RC
RC
Q
- Q
RC
RC
*RC
RC
RC
Q
RC
RC
RC
RC
RC
RC
RC
SC
sSC
sC
SC
sC
SC
sC
Sc
Sc
Sc
SC
sC
SC
sc
SC
RC
SC
SC
RC
RC
RC
RC
EC
£C

e

-

o~
o -
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APPENDIX 186 (cont.)

Locality

Number

611
612
615
61¢€
620
621
622
623
626
628
629
630
631
645a
645b
646
€48
€65€
659
662
672
€73
674
746
750
766
827
854
207
225
927
930
1005
1200
1201
M=250
M-585
Q=350 .
Q-850
R-83-140
R-83-141

Location

: SW sec.
: SW4 sec.
: SW-~ sec.

S sec.
NE% sec.

; NE% sec.

NE'; sec.
Nwk sec.
SwWk sec.
SW% sec.
Sw% sec.
SW% sec.
NEX% sec.

20, T4,
20, T4N,
20, T4N,
20, T4N,
29, T4N,
29, T4N,
29, T4N,
28, T4N,
28, T4N,
28, T4N,
28, T4N,
28, T4N,
33, T4N,

R8W
R8W
R8Y
R8W
R8Y
R8W
R8W
R8W
R8W
RBW
R8W

R8W.

REW

SE¥» sec. 9, T3N, R8W
9, T3N, R8W
9, T3N, R8W
8, T3N, R8W

SE% sec.
SW% sec.
SEYL sec.
NE% sec.
SE% sec.
NEY% sec.
SW% sec.
Swk: sec.
swk sec.
NW% sec.
s sec.
SE% sec.
swk: sec.

;i SW4 sec.

SwWH sec.
NW% sec.
NE) sec.
NEY% sec.
NE» sec.
NW% sec.
Nw¥% sec.
NEY% sec.
SW% sec.
NE% sec.
NE% sec.
NEY% sec.
SW% sec.

16, T3W,

R8W

6, T4N, R8W

31, T4NW,

ROW

7, T3N, R8W
7, T3N, R8W
7, T3N, R8W

16, T4N,

R8W

8, T4N, R8W.

36, TSN,
32, T4N,
11, T3N,
10, T3N,
34, T4N,
33, T4N,
33, T4N,
24, TSN,
21, TSN,
21, T5N,
12, T3N,

ROW
R8W

"ROW

ROW
ROW
ROW
TOW
ROW
RBW
R8W
ROW

6, T3N, R8W

25, T4N,
25, T4N,

ROW
ROW

9, T4N, ROW
9, T4N, ROW

RC = road cut
SC = stream cut
= railroad

RR cut

cat

C = guarrv

Quteron

SC
SC
sC
SC
SC
sSC

SC
SC
SC
SC
SC
3C
RR cut
RR cut
RR cut
RR cut
SC
RC
RC
RC
RC
RC
RC
RC
RC
RC
RC
RC
RC
" RC
RC
RC
RC
RC
RC
RC
RC
RC
RC
RC
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