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ABSTRACT

Selected ditch and core samples from four wildcat wells in central
Oregon were analyzed for pollen, spores, microplankton, foraminifera,
radiolaria and calcareous nannoplankton. Palynomorphs and foraminifera
were present in sufficient numbers to delineate strata of Albian through
Campanian age in this area. In addition, an interval of Maastrichtian-
Paleogene age overlies much of this area. The Texaco Logan Butte Unit
17-1 well contains sediments which range from Albian or older to Campanian.
The foraminiferal assemblages of these sediments suggest deposition at
outer neritic to bathval depths. The presence of a significant seaquence
of Upper Cretaceous clastic sediments in the Texaco Logan Butte Unit 17-1
and the Standard Pexco No. 1 wells indicate the existence of a Late
Cretaceous basin in central Oregon. Strata of this age mav be preserved
beneath the volcanic cover and may be possible reservoirs for hydrocarbon
accumulation.

INTRODUCTION

Little published information exists concerning the subsurface geology
of central Oregon (Newton, 1971). Based on surface mapping, this area has
been considered to be a potential petroleum producing area. Although no
commercial discoveries of hydrocarbons have been made here, major oil and
gas leases are presently held over much of the area.

Knowledge of the subsurface in central Oregon is limited to four deep
test wells, the last one being completed in 1981 (Figure 1, Table I).
These four wildcats have penetrated a substantial section of Cretaceous
marine and non-marine clastic sediments beneath the Tertiary volcanic
cover, revealing a greater volume of Cretaceous rocks than was known to
exist on the basis of surface exposures.

In outcrop, Cretaceous rocks occur in relatively small and scattered
areas in central Oregon. They occur as small outliers on the older Meso-
zoic and Paleozoic rocks of the John Day Uplift or as small inliers in

Tertiary volcanics. The largest exposure of Cretaceous rocks in the area
is the inlier consisting of about 75 square miles near Mitchell, in
Wheeler County (Figure 1). Here the exposed structure is a faulted anti-

cline, within which Wilkinson and Oles (1968) measured over 9000 feet of
Albian-Cenomanian sediments. About 1500 feet of Cretaceous (Cenomanian
age) strata are recognized in outliers on the western edge of the John Day
Uplift in the area of Suplee and Izee (Dickinson and Vigrass, 1965).

In addition, a thin interval of Cretaceous(?) rocks has been recogniz-
ed in the Standard Kirkpatrick well, a deep test in north-central Oregon
(Newton, 1971).

In this report we document the distribution of microfossils in samples
from the four deep wells in central Oregon and interpret the age and depo-
sitional environments of the rocks that were penetrated in drilling these
wells. Of particular interest is the previously unrecorded Upper Creta-
ceous marine sediments penetrated in the Texaco Logan Butte Unit 17-1 well.
Our analyses indicate that Albian through Campanian strata are present in
this area and suggest the existence of an extensive Upper Cretaceous
basin. This basin has been informally named the Ochoco Basin by H. H.
Odiorne of Amerada Hess Corporation. 1In this paper, we apply the name
Ochoco Basin, at the suggestion of Mr. Odiorne, to those Upper Cretaceous
deposits in central Oregon below the Clarno Formation in the vicinity of



Table 1. -

WELL
Texaco Logan Butte

17-1

Sunray Bear Creek
No. 1

Texaco Federal
No. 1

Standard Oil Pexco
No. 1

LOCATION
Sec. 17, T.19S,,R 20 E.
Crook County

Sec. 30, T.17S., R.19E.
Crook County

Sec. 31, T.17S,, R.23E.
Crook County

Sec. 36, T.20S., R.20E.
Crook County

Deep exploratory test wells in central Oregon

TOTAL DEPTH

6525’

7920°

7998’

7594°

COMPLETION
DATE

Feb. 1981

Aug. 1958

Nov. 1971

Dec. 1955
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Figure 1 - Map of Central Oregon showing exploratory well sites and Cretaceous
outcrops (cross hatching). Contacts from Geologic Map of Oregon
East of the 121st Meridian. (G.W.Walker, 1977)



the Ochoco National Forest. This basin extends south to the Brothers Li-
neament and east and west to the extent of the Upper Cretaceous deposits
that were or are now connected to the Upper Cretaceous sediments in central
Oregon. The apparent similarity of these sediments to the upper part of
the Great Valley Sequence of the Sacramento Basin presents the possibility
that both were deposited in the same, or at least a similar, fore-arc
basin.

Our analyses are intended to provide a preliminary stratigraphic
framework for the subsurface of central Oregon that may prove useful in
future exploration efforts.

MATERIALS AND METHODS

Separate cuts of all samples were taken for each of the following:
foraminifera, palynomorphs, siliceous microfossils, and calcareous nanno-
plankton. Each was prepared separately as described below.

Palynology

One hundred and ninety two samples from the four wells were prepared
and examined for palynomorphs. Eight of these are core samples, the
remainder are ditch samples.

To concentrate palynomorphs about 15 grams of each sample was subjected
to a standard procedure. This procedure involved treatment with dilute
hydrochloric acid, concentrated hydrofluoric acid, dilute nitric acid, and
dilute potassium hydroxide solution, followed by flotation in a zinc
bromide solution (2.1 S.G.) and sieving through a 10 micrometer nylon
screen. The residues were mounted on 20 mm x 30 mm cover slips using a
cellulose acetate solution. The cover slips were then mounted on micro-
scope slides with piccolyte resin. Approximately equal amounts of residue
were placed on all microscope slides. The abundance of palynomorphs in
each sample is estimated by the number of specimens per microscope slide.

The distributions of palynomorphs in the four wells analyzed are
shown in Plates 1, 2, 3, and 4.

Foraminifera

Three hundred and eighty ditch samples were processed and analyzed for
foraminifera. Approximately 100 grams of the sample was slowly heated with
a mixture of water and Quaternary O and then washed through 20 and 200 mesh
sieves. The residue was dried and the foraminifera and other organics
picked and identified.

The distributions of species in the two wells which contained forami-
nifera are shown in Plates 5 and 6.

Nannofossils

A simple gravity settling technicgue was used in preparation of 56
samples for calcareous nannofossils. This procedure was performed in a
buffered solution of sodium carbonate and sodium bicarbonate in order to
maintain the pH in a range from 8.5 to 9.3. This was necessary to prevent
etching of the nannofossils and achieve complete dispersal of clay material
during sample preparation.

Three to five grams of dry, powdered sample was sieved through a 400
mesh screen and then settled in 30 mls of buffered solution with three
separate sample fractions taken. The residues were mounted on glass slides
by standard mounting techniques with a mounting medium that has a refrac-



tive index below or between that of calcite (1.658 - 1.486).

Radiolarians

Sample preparation for analysis of radiolaria was done on 9 samples
in the Sunray Bear Creek No. 1 well and 21 samples in the Texaco Logan
Butte Unit 17-1 well. Five to ten grams of washed sample was put into a
400 ml beaker, and the sample was further broken down by adding 50 ml of
water, 50 ml of 5% sodium hexametaphosphate (Calgon), and about 50 ml of
hydrogen peroxide, which was heated until reaction ceased. The samples
were then sieved in a 230 mesh screen and put in about 50 ml of 10% HC1
and heated until reaction ceased. The samples were again sieved in a 230
mesh screen.

The residues were then swirled to dissociate the radiolaria from any
heavy rock material and then mounted by standard mounting technique on a
glass slide (two slides were prepared for each sample).

INTERPRETATIONS

For several obvious reasons, we feel our stratigraphic interpretations
must be considered to be a preliminary best-approximation and to be at the

reconnaisance level. We are basing our interpretations on: (1) ditch
samples, (2) a small number of widely-spaced wells, (3) relatively small
numbers of microfossils, (4) generally poorly-preserved microfossils, and

(5) somewhat limited knowledge of the true ranges of microfossils in the
region.

Ages Interpreted from Palynomorphs

Although there are no published references to palynomorph biostrati-
graphy of Cretaceous rocks in the area of this study, world-wide ranges
for certain dinoflagellates and North American ranges of some pollen and
spores are fairly well established. To determine ages based on palyno-
morphs we have assumed that these ranges can be extended into central
Oregon. These stratigraphic ranges have been compiled from published
literature (Bebout, 1981; Chlonova, 1971; Drugg, 1967; Griggs, 1970;
Millioud, et al., 1975; Newman, 1981; Norris, 1967: Rouse, et al., 1970;
Singh, 1971; Srivastava, 1981; Tschudy, 1973).

A Maastrichtian-Paleogene age is indicated by the occurrences of the
following palynomorph taxa:

Azolla app.

Bombacacidites naciementoensis
Carya spp.

Cicatricosisporites intersectus

Momipites spp.
Pistillipollenites mcgregorii
Playvtycarya spp.
Proteacidites spp.
Triplanisporites sinuosus
Ulmipollenites spp.

Rocks of this age are identified in the Texaco Federal well at depths
of 1500 feet to 2040 feet and possibly in the Standard Pexco well at depths
of 3560 feet to 4040 feet and 4440 feet to 5040 feet. There is no evidence
for rocks of this age among the samples that were examined from the Texaco
Logan Butte well or from the Sunray Bear Creek well.



Ages Interpreted from Foraminifera

Due to the lack of exposure of Upper Cretaceous sediments in this area
there is little published information regarding the distribution of forami-
nifera in central Oregon. However, extensive analyses of similar strata
in Sacramento Basin by Goudkoff (1945), Trujillo (1960), Marianos and
Zingula (1966), Dailey (1973), Berry (1965), and Douglas (1969) and others
have established the range of many species in that area. We have attempted
to apply these ranges in interpreting the ages of the strata in central
Oregon. Goudkoff established his zonation in 1945 and it has been used
extensively by industry paleontologists and geologists. A number of
industry paleontologists have suggested revisions in Goudkoff's zonation,
but a complete revision has not been published. Since such a revision has
not been produced, we have used Goudkoff's zonation for the Upper Creta-
ceous. When possible we have applied Berry's 2zonation for the Lower
Cretaceous sediments.

The following species were encountered in sediments that are inter-
preted as Campanian:

Globotruncana arca
Globotruncana marginata
Globotruncana churchi
Gavelinella henbesti
Gavelinella cf. G. henbesti
Stensioina pommerana
Gaudryina rudita var. diversa
Marginulina curvisepta
Cribrostomoides cretacea
Bathysiphon vitta
Bathysiphon californica
Silicosigmolina californica
Osangularia corderiana
Spiroplectammina chicoana
Hoeglundina supracretecea

Santonian-Coniacian sediments are characterized by the following
species:

Globotruncana coronata
Cribrostomoides cretacea
Gaudryvina pyrimidata

The following species were present in Turonian strata:

Hedbergella praehelvetica
Helvetotruncana helvetica
Hedbergella archeocretacea
Valvulineria marianosi

Albian-Cenomanian strata included the following species:

Hedbergella delrioensis
Gyroidinoides infracretacea
Gavelinella andersoni
Favusella washitensis
Gaudrvina tailleuri

No definite Cretaceous strata older than Albian were identified in
this study, but much of the lower strata in all of the wells was barren
and may be Lower Cretaceous or Jurassic.



A Campanian age is indicated by a greater abundance of Proteacidites
spp. and the occurrences of the following dinoflagellates:

Areoligera sp.
Cannosphaeropsis cf. C. eleganta

Dinogymnium cf. D. acuminatum
Dinogymnium cf. D. heterocostatum
A
B

Dinogymnium sp.
Dinogymnium sp.

Dinogymnium sp.
Palaeotetradinium silicorum

Pterodinium sp.

(@]

Campanian rocks occur in the Loaan Butte well at denths of 2140 feet
to 2980 feet.

Cenomanian-Campanian age was assigned to rocks in the Standard Pexco
well at depths of 4120 feet to 4440 feet and 5040 feet to 6740 feet; on
the occurrences of Appendicisporites cf. A. tricornatatus, Cicatricosispo-
rites radiatus.

A Cenomanian-Santonian age was assigned to rocks in the Logan Butte
well from depths of 2980 feet to 4120 feet based on the occurrences of
Alterbia minor, Silicisphaera ferox, and Xenascus ceratioides.

In the Sunray Bear Creek well, rocks from depths of 3158 feet to 4475
feet were assigned an age of Cenomanian-Turonian based on more abundant
Taurocusporites reduncus, Distaltriangulisporites spp., and Costatoper-
ferosporites spp.

An Albian-Cenomanian age is indicated by the occurrences of the fol-
lowing palynomorphs:

Spores and pollen

Appendicisporites cf. baconicus
Appendicisporites cf. cristatus
Appendicisporites cf. A. jansonii
Appendicisporites unicus
Camarozonosporites insignis
Chomotriletes minor

Cicatricosisporites cf. C. exilioides
Cicatricosisporites cf. C. hallei
Cicatricosasporites spp.
Contignisporites cooksoni
Costatoperforosporites cf. C. foveolatus
Costatoperforosporites cf. C. fistulosus
Lileacidites inaequalis

Neoraistrickia truncata

Schizosporites reticulatus

A.
A

Dinoflagellates

Ovoidinium verrucosum
Protoellipsodinium spinosum
Gonyaulacaceae more abundant

Albian-Cenomanian rocks are identified in the Texaco Federal well at
depths of 2040 feet to 3540 feet, in the Sunray Bear Creek well at depths
of 4475 feet to 4860 feet, and in the Texaco Logan Butte well at depths of
4120 feet to 4480 feet.



Paleocecologic Interpretations

Paleoecologic interpretations of the Cretaceous benthonic assemblages
have been based primarily upon the work of Bandy and Arnal (1960), Sliter
(1968, 1972), Sliter and Baker (1980), Almgren (1982), and Douglas (1982).
The interpretations of paleobathymetries from ditch samples is complicated
by the probability of contamination from strata higher in the well. We
have attempted to make the best interpretation based upon the first
occurrences of new species and the abrupt changes in species composition
of the assemblages.



RESULTS

The distributions of palynomorphs and foraminifera encountered in the
four wells are presented on Plates 1 through 6. Foraminifera were not
present in the samples from the Standard Pexco No. 1 well and the Texaco
Federal No. 1 well. Calcareous nannoplankton and identifiable radiolaria
were not found in any of the samples analyzed.

The arrangement of the taxa on the distribution charts was determined
by the order in which the taxa were encountered in samples proceeding down
the well. 1In the palynology distribution charts, the "undifferentiated"
categories contain specimens that are (1) too poorly preserved to permit
more specific identification, (2) unfamiliar, and (3) folded or otherwise
obscured. A rough measure of the quality of preservation of the palyno-
morphs in a sample is the number of "undifferentiated pollen and spores."

Among the taxa on the distribution charts are four dinoflagellates
that are named only informally. These are three forms assigned to the
genus Dinogymnium and another "smooth proximate dinoflagellate." The
three Dinogymnium types, D. sp. A., D. sp. B., and D. sp. C., are large,
elongate, smooth types with various shapes and cingulum positions. All
specimens of the "smooth proximate dinoflagellate" are poorly preserved,
making difficult any identification.

On the foraminifera distribution charts, the categories of "arena-
ceous indeterminate" and '"calcareous indeterminate" are reserved for those
specimens in which a generic identification was not made.

The lithologic descriptions of the samples are included as a separate
listing.

The following is a summary of our results for each of the wells:
Sunray Midcontinent Bear Creek No. 1

Section 30, T. 17s., R. 19E.
Crook County, Oregon

3158 — 4410 feet

Palynomorphs indicate a Cenomanian-Turonian age for these sediments.
Although no foraminifera were found, in this interval, the microfossil
flora suggests a shallow marine depositional environment.

4410 - 4680 feet

This interval contains Albian-Cenomanian palynomorphs and question-
able Albian-Santonian planktonic foraminifera (Hedbegella delrioensis) .
The poor foraminiferal assemblages suggest deposition in the outer neritic
to upper bathyal depths.

4680 - 4890 feet

This interval contains the planktonic foraminifera Hedbergella
praehelvetica and Helvetoglobotruncana helvetica which are good indicators
of a Turonian age. The palynomorphs of this interval suggest an Albian-
Cenomanian age for these strata. If the Turonian foraminifera are in
place then the interval above must indicate either reworking of Albian-
Cenomanian microfossils or the presence of a thrust fault. Further work
must be done to resolve this point. The foraminiferal assemblages suggest




deposition at upper bathyal depths.

4920 - 5100 feet

Neither palynomorphs or foraminifera suggest a definite age for this
interval. Unpublished data indicates an abrupt change in vitrinite ref-
lectance values in this interval. This increase in thermal maturation may
indicate either local heating, faulting, or the presence of an unconfor-
mity.

5100 - 5220 feet

This interval contains Gyroidina florealis, Planularia tricarinella,
Gaudryina tailleuri which suggests a Turonian-Cenomanian age. These genera
indicate deposition at outer neritic to upper bathyal depths.

5220 - 5460 feet

The presence of Hedbergella delrioensis (rare), Favusella washitensis
(rare) , Valvulineria loetterli (rare), Gaudryina tailleuri, Gyrodiniodes
infracretacea, and Globigerina hoterivica suggests a probable Albian age
for these sediments. The presence of these foraminifera suggest deposi-
tion in the upper bathyal depths.

5460 - 7910 feet

This interval contains very few foraminifera and palynomorphs and thus
no age determination can be made. The interval from 7400 to 7910 feet
does contain arenaceous foraminifera that point toward a Cretaceous age,
but a definite age cannot be assigned to this interval. 1If these fora-
minifera are in place,then an upper to middle bathyal deposition environ-
ment is implied.

Standard Pexco No. 1
Section 36, T. 20S., R. 20E.
Crook County, Oregon

The distribution of palynomorphs in this well is difficult to inter-
pret without the aid of other nearby stratigraphic control. One very
tenuous interpretation is listed below and on the distribution chart. The
complex distribution of microfossils could result from the effects of fold-
ing and/or faulting, redeposition of palynomorphs, and/or sample mixing or
contamination. The interpretation given below would reflect complex
structure. This well is near the Brothers Fault Zone and this supports an
interpretation calling on structural complexity.

3560 - 4040 feet

A Paleogene age is interpreted for these sediments based upon the
occurrence of Carya spp., Cicatricosisporites intersectus, and
Pistillipollenites mcgregorii.

4040 - 4120 feet

The occurrence of the dinoflagellate Ovoidinium verrucosum suggests
marine deposition during the Albian-Cenomanian.

4120 - 5040 feet

The palynomorphs Azolla spp., Bombacacipites nacimientoensis,
Cicatricosisporites intersectus, and Platycarya sp. indicate a Paleogene
age.

-10-



5040 - 5860 feet

The age of these strata was undetermined.

5860 - 7594 feet

The abundance of Proteacidites spp. suggests a Senonian age for these
strata.

Texaco Federal No. 1
Section 31, T. 17S., R. 23E.
Crook County, Oregon

The age and depositional environments of the strata of this well are
based solely upon data derived from palynological analyses of these sedi-
ments. Thirty-four selected ditch samples were analyzed for foraminifera
but were found to be barren.

1500 - 2040 feet

These samples contained palynomorphs indicating a Maastrichtian to
Paleogene age. The pollen and spores encountered include Alnipollenites
spp., Carva spp., Momipites spp., Momipites triradiatus, Pinus spp..
Pistillipollenites mcgreggori, Platycarva spp., Ulmipollenites spp..
Triplanisporites sinuosus, Bombacacipites nacimientoensis, and Proteacidi-
tes spp. The abundance of pollen and the lack of dinoflagellates and
foraminifera suggest a nonmarine depositional environment.

2040 - 2220 feet

This interval is interpreted to be Albian-Cenomanian based upon the
occurrence of Acanthotriletes varispinosus, Chomotriletes minor, Cirulina
spp.., Converrucosisporites cf. C. proxigranulatus, Costatoperforosporites
foveolatus, Distaltriangqulisporites perplexus, Eucommiidites troedssonii,
Exesipollenites tumulus, Lycopodiumsporites dentimuratus. The occurrence
of the microplankton Baltisphaeridium spp. and ?Michrystridium spp. indi-
cate a marine environment.

2220 - 3540 feet

This interval is also Albian-Cenomanian but probably was deposited in
a nonmarine environment. The pollen and spores found in these samples
include Antulsporites distaverrucatus, Appendicisporites cf. A.
bilaterallis, Chomotriletes minor, Cicatricosisporites augustus, C. cf.
C. exilioides, C. subrotundus, Distaltriangulisporites cf. C. costatus,
D. cf. D. maximus, D. perplexus, Eucommiidites troedssonii, Impardecis-
porites apiverrucatus, Lileacidites inaequalis, L. veriegatus,
Perinopollenites elatoides, Retitricolpites georgensis.

Texaco Logan Butte Unit 17-1
Section 17, T. 19S., R. 20E.
Crook County, Oregon

2020 - 2140 feet

This interval is Upper Cretaceous based upon the limited occurrence
of benthic foraminifera, palynomorphs and Inoceramus prisms. The few
foraminifera present suggest deposition at outer neritic to upper bathyal
depths.

2140 - 2980 feet

These samples contained abundant palynomorphs, microplankton and
foraminifera indicative of Campanian stage. The palynomorphs found include

11~



Anacolosporites sp. A, Appendicisporites tricornatatus, Kuylisporites
scutatus, Quadripollis krempii, and Trisolisporites spp.. Microplankton
encountered in this interval include Deflandrea cf. D. diebeli, Dinogym-
nium cf. D. acuminatum, D. cf. D. heterocostatum, Horologinella spp.,
Odontochitina porifera, Palaeotetradinium silicorum.

The foraminifera present in the interval from 2140 to 2380 feet
include Gavelinella henbesti, Silicosigmoilina californica, Hoeglundina
supracretacea, Bathysiphon californica, Lenticulina modesta. These
assemblages would be assigned to Goudkoff's E zone. The presence of the
genera Gavelinella, Hoeglundina, Osangularia, Silicosigmoilina and
Bathysiphon point to deposition at upper bathyal depths. The presence of
numerous poorly preserved and pyritized radiolaria support this interpre-
tation.

The interval 2380 to 2620 feet contains foraminiferal assemblages
similar to those above but also including Stensioina pommerana,
Marssonella oxycona, and Globorotalites michelianus. Some paleontologists
would separate this interval into an undefined "Lower E zone'".

The occurrence of Marginulina curvisepta, Cribrostomoides cretacea,
Spiroplectammina chicoana in the interval 2620 to 2980 feet suggest a
correlation with Goudkoff's originally defined F zone. Deposition within
deeper waters, probably upper to middle bathyal is suggested by the
presence of the general Cribrostomoides, Bathysiphon, Ammodiscus, Gaudryina
Silicosigmolina, and Marssonella.

2980 - 4120 feet

This interval is assigned an undifferentiated age of Cenomanian
through Santonian based upon the occurrence of the following palynomorphs:
Ornamentifera echinata, Siberiapollis montanensis, Alterbia minor,
Silicisphaera ferox, and Xenascus ceratiocides. The foraminifera identified
in this interval do not permit the recognition of Goudkoff's G-1, G-2 or H
zones, except for a single specimen of Gaudryina pyramidata at 3220 feet
which indicates a G-1 or G-2 age. The rare occurrence of Orthokarstenia
shastaensis(?) at 3610 to 3640 feet and at 3760 to 3790 feet suggest a
questionable Cenomanian (I zone) age for these sediments. Also the rare
occurrence of Hedbergella archeocretacea suggests an uppermost Cenomanian
through lower Coniacian for the interval 4060 to 4120 feet.

4120 - 4270 feet

The presence of the planktonic foraminifera Favusella washitensis,
the palynomorphs Chomotriletes minor, Acanthotriletes varispinosus, and
the microplankton Ovoidinium verrrucosum, and Protoellipsodinium spinosum
indicate Albian-Cenomanian age for these strata. The presence of
Lenticulina (common), Gyridincides, Trochammina, Gaudryina suggest deposi-
tion at upper bathyal to outer neritic depths. An abrupt increase in
TAI and vitrinite reflectance values occurs at about 4000 to 4100 feet.
This increase in thermal maturation may indicate an unconformity at this
level.

4270 — 4600 feet

The occurrence of a few specimens of planktonic foraminifera
"Globigerina" hoterivica (sp. A, of Marianos and Zingula) indicate an age
of Albian or older for this interval. The presence of Lenticulina,
Gavelinella, Gaudryina, Haplophragmoides suggests continued deposition in
outer neritic to upper bathyal depths.

4600 - 6490 feet

Neither palynomorphs nor foraminifera were abundant enough to make an
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age determination for this interval. The few taxa that are present may
not be in place but the result of caving from strata higher in the well.
Additional analyses of strata from future wells may permit a later inter-
pretation of the age of these strata.

CORRELATION AND INTERPRETATION

Plate 7 illustrates our interpretation of the biostratigraphic corre-
lations between the Sunray Bear Creek No. 1, Texaco Logan Butte Unit 17-1,
and Texaco Federal No. 1 wells. We have not included the Standard Pexco
No. 1 due to the apparent structural complexity of this well. The most
striking element of these correlations is the presence of a thick sequence
of Campanian strata present in the Texaco Logan Butte Unit 17-1 well.

The foraminiferal assemblages indicate deposition in the outer neritic to
middle (lower?) bathyal depths throughout this time and thus suggests the
presence of a significant Upper Cretaceous basin in this area. The
similarity of many of the foraminiferal assemblages to coeval assemblages
in the Sacramento Basin suggest a similar depositional system in cental
Oregon. The remainder of the Upper Cretaceous strata is represented by
faunas that are not easily dated but do indicate significant clastic
deposition during this time.

Albian-Cenomanian strata are widespread in this area and have been
penetrated in all four of the wells analyzed. Apparently in the eastern-
most well, Texaco Federal No. 1, there are no strata of Turonian through
Campanian age preserved. In addition, only Albian to Cenomanian sediments
are preserved in the Bernard Ranch outcrop section to the east of the
study area. Our unpublished analyses of the foraminifera and megafossils
indicate deposition of these sediments in shallow marine to brackish
water environments. To the north in the Mitchell anticline, over 9,000
feet of Albian through lower(?) Cenomanian strata are exposed. Our un-
published analyses of the faunas and floras suggest deposition at middle
neritic to upper or middle bathyal depths. Although originally interpret-
ed as fluvial to deltaic sediments (Wilkinson and Oles, 1968) these strata
have been shown to be a part of a submarine fan complex (Kleinhans, 1984).

There is a great thickness of strata penetrated in all of the wells
below the Albian-Cenomanian strata that could not be dated. Some of these
strata may possibly be Cretaceous.

The overall distribution of sediments encountered in this study
indicates that a significant Albian-Cenomanian basin is present in central
Oregon and that the strandlines of this basin were to the east of the
wells analyzed with the possible exception of Texaco Federal No. 1 well.
The presence of a considerable thickness of Upper Cretaceous strata
indicates that a significant basin was developed in central Oregon and
that some of these strata may be preserved beneath the volcanic cover.

The apparent similarity of these sediments to those of the Sacramento
Basin indicates a significant potential for hydrocarbon accumulation.

SUMMARY
1. Albian-Cenomanian sediments are present in the Standard Sunray
Bear Creek No. 1, the Texaco Logan Butte No. 1, the Standard Pexco No.l,

and the Texaco Federal No. 1 wells.

2. Turonian sediments are present in the Standard Sunray Bear Creek
No. 1 and the Texaco Logan Butte No. 1 wells.

3. Cenomanian-Santonian sediments were identified in the Texaco
Logan Butte No. 1 well.
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4. A widespread Paleogene-Maastrichtian unit unconformably overlies
much of the Cretaceous sediments in central Oregon.

5. Only the Texaco Logan Butte No. 1 well contained a section of
Campanian sediments. The Standard Pexco No.l contains Senonian strata.
These sediments indicate the presence of a significant Upper Cretaceous
basin.

6. The Standard Pexco No. 1 appears to be structurally complex,
apparently due to its proximity to the Brothers Lineament.

7. The Cretaceous strandlines were to the east of the Suplee-Izee
and Mitchell area during Albian-Cenomanian times.

8. The foraminiferal zonations used for the Upper and Lower Creta-
ceous sediments of northern California are at least in part applicable
in central Oregon. Additional data from future wells will help to
establish the ranges of the species more precisely and permit a more
detailed zonation.

_14_



LITHOLOGIC DESCRIPTIONS OF WELL CUTTINGS

Standard Pexco State No. 1, Crook Co., OR

4000 - 4020 feet

Texture: 95% sand: 5% coarse silt
Composition: 70% intermediate volcanics: 5% monocrystalline quartz; 20%
fine siltstone fragments; 5% polycrystalline quartz (quartzite, chert).

4060 - 4080 feet

Texture: 95% sand: 5% coarse silt

Composition: 70% intermediate volcanics; 5% monocrystalline quartz: 20%
fine siltstone fragments; 5% polycrystalline quartz (quartzite, chert) with
subordinate medium-gray quartzite fragments.

4120 - 4140 feet

Texture: 100% coarse to medium sand

Composition: 25% monocrystalline quartz:; 25% fine sandstone fragments;:

35% polycrystalline quartz (including gray quartzite, chert, etc.): 15%
basic/intermediate volcanics (some oxidized, hematitic brownish-red stain).

4180 - 4200 feet

Texture: 100% coarse to medium sand
Composition: 15% sandstone; 10% monocrystalline quartz:; 20% polycrystal-
line quartz: 55% basic-intermediate volcanies (basalt, andesite, latite).

4240 - 4260 feet

Texture: 100% coarse to medium sand

Composition: 10% sandstone; 70% basic-intermediate volcanics (including
latite porphyry fragments): 10% monocrystalline quartz; 10% polycrystal-
line quartz (medium to dark gray).

4300 - 4320 feet

Texture: 100% coarse to medium sand
Composition: 70% volcanic: 15% sandstone: 10% quartzite: 5% monocrystal-
line quartz.

4360 - 4380 feet

Texture: 100% coarse to medium sand
Composition: 70% volcanic; 15% sandstone; 10% quartzite:; 5% monocrystal-
line quartz.

4420 - 4440 feet

Texture: 100% coarse to medium sand
Composition: 40% volcanic; 50% polycrystalline quartz (mostly dark gray
quartzite): 5% monocrystalline quartz; 5% sandstone.

4480 - 4500 feet

Texture: 100% coarse to medium sand

Composition: 65% volcanics, dark brown to red (oxidized) some fragments
vesicular; 30% polycrystalline quartz; 5% monocrystalline quartz. (Note:
volcanics include dark brown volcanic glass.)

4540 — 4560 feet

Texture: 100% coarse to medium sand
Composition: 75% volcanics (basic to felsic): 20% quartzite and poly-
crystalline quartz aggregates (light yellow coler): 5% monocrystalline
quartz (volcanics are porphyritic).

4600 - 4620 feet

Texture: 100% coarse to medium sand
Composition: 85% volcanics (basic to felsic): 10% quartzite and poly-
crystalline quartz aggregates: 5% monocrystalline quartz.

4660 - 4680 feet

Texture: 100% coarse to medium sand
Composition: 90% volcanics (basic to felsic) volcanic glass included: 10%
quartzite and polycrystalline quartz aggregates.

4720 - 4740 feet

Texture: 100% coarse to fine sand

Composition: 90% volcanic: 9% quartzite and yellow to light brown (probab-
ly devitrified felsic volcanics) polycrystalline quartz aggregates: 1%
monocrystalline quartz.

4780 - 4800 feet

Texture: 100% sand
Composition: 85% volcanic; 10% polycrystalline quartz; 5% monocrystalline
quartz.

4840 - 4860 feet

Texture: 100% coarse to medium sand

Composition: 80% basic-felsic volcanics, some vesicular, some porphyritic:
10% monocrystalline quartz; 10% quartzite, flint and other polycrystalline
quartz.

4900 - 4920 feet

Texture: 100% sand

Composition: 75% volcanics: 15% polycrystalline quartz, mostly quartzite:
10% monocrystalline quartz.

4960 - 4980 feet

Texture: 100% sand

Composition: 85% volcanic:; 35% basic (basaltic-vesicular, partly with
reddish-oxidized stain); 10% intermediate, and 30% porphyritic felsic
(rhyolitic) fragments plus minor volcanic glass: 10% quartzite: 5% mono-
crystalline quartz.

5020 - 5040 feet

Texture: 100% sand

Composition: 90% volcanic: 50% porphyritic felsic fragments, 20% vesicu-
lar basaltic, 10% andesite: 3% quartzite (gray to greenish to light yellow)
5% monocrystalline quartz.

5860 - 5880 feet

Texture: 100% sand

Composition: 60% volcanics: 60% porphyritic felsic fragments, 20% vesicu-
lar basaltic, 10% andesite; 35% quartzite (brown to gray): 5% monocrystal-
line quartz.

5920 - 5940 feet

Texture: 100% sand

Composition: 60% volcanics: 60% porphyritic felsic fragments, 20% vesicu-
lar basaltic, 10% andesite:; 35% quartzite (brown to gray): 5% monocrystal-
line quartz.

5980 - 6000 feet

Texture: 100% sand

Composition: 75% basic-felsic volcanics; 25% polycrystalline quartz
(quartzite, devitrified felsic volcanic aggregates); 5% monocrystalline
quartz.

6040 - 6060 feet

Texture: 100% sand
Composition: 70% basic volcanics, vitreous-looking:; 20% flint-chert type
polycrystalline quartz: 10% monocrystalline quartz, transparent to milky
translucent.

6100 - 6120 feet

Texture: 95% sand: 5% coarse silt

Composition: 70% basic volcanics, vitreous-looking: 20% flint-chert type
polycrystalline quartz; 10% monocrystalline quartz, transparent to milky
translucent.

6160 - 6220 feet

Texture: 100% sand

Composition: 70% volcanics, vitreous-looking: 20% flint-chert type poly-
crystalline quartz; 10% monocrystalline quartz. transparent to milky
translucent.

6220 -~ 6240 feet
Texture: 100% sand

Composition: 65% volcanics (non-vesicular basalt, predominantly plus minor
felsics):; 30% quartzite, devitrified felsic volcanics, “flint" (poly-
crystalline quartz):; 5% monocrystalline quartz.

6280 - 6300 feet

Texture: 100% sand
Composition: 65% volcanics (non-vesicular basalt, predominantly plus
minor felsics):; 30% quartzite, devitrified felsic volcanics, "flint"
(polycrystalline quartz); 5% monocrystalline quartz.

6340 - 6360 feet
Texture: 100% sand

Composition: 70% volcanics (non-vesicular basalt predominantly plus minor
felsics); 25% polycrystalline quartz; 5% monocrystalline quartz.

6400 - 6420 feet
Texture: 100% sand

Composition: 80% volcanics, mostly basic:; 15% polycrystalline quartz,
pinkish-red; 5% monocrystalline quartz.

6460 - 6480 feet

Texture: 100% sand

Composition: 85% volcanics, mostly basic; 10% polycrystalline quartz;
5% monocrystalline quartz.

6520 -~ 6540 feet

Texture: 100% sand
Composition: 15% polycrystalline quartz, light colored:; 5% monocrystalline
quartz; 85% volcanics, mostly basic.

6580 - 6600 feet

Texture: 100% sand

Composition: 85% volcanics: 15% polycrystalline quartz, light colored:
5% monocrystalline quartz. (Note: polycrystalline quartz contains minor
reddish-pink grains.)

6700 - 6720 feet

Texture: 100% sand
Composition: 85% volcanics: 15% polycrystalline quartz, light colored
(contains minor reddish-pink grains): 5% monocrystalline quartz.

6800 - 6820 feet

Texture: 100% sand
Composition: 85% volcanics: 15% polycrystalline quartz, light colored
(contains minor reddish-pink grains): 5% monocrystalline quartz.

6860 - 6880 feet

Texture: 100% sand
Composition: 85% volcanics, mostly basalt and basaltic andesite; 15%
polycrystalline quartz, light colored: 5% monocrystalline quartz.
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6920 - 6940 feet

Texture: 100% sand
Composition: 90% basaltic volcanics, several serpentinized fragments:
5% polycrystalline quartz (includes distinct scarlet grains); 5% mono-
crystalline quartz.

6980 - 7000 feet

Texture: 100% sand
Composition: 95% basaltic volcanics: 5% quartz (polycrystalline and
monocrystalline) .

/040 - /060 feet

Texture: 100% sand
Composition: 65% basaltic volcanics: 35% polycrystalline quartz, 75% of
which are scarlet grains (quartzite?), (chert?).

7100 - 7120 feet

Texture: 100% sand
Composition: 70% basalt, locally serpentinized: 5% felsic volcanics; 20%
polycrystalline; 5% monocrystalline quartz.

7160 -~ 7180 feet

Texture: 100% sand
Composition: 60% polycrystalline quartz, including white massive milky
cryptocrystalline quartz (chert?) plus devitrified felsic volcanics:
40% basalt and basaltic andesites.

7220 - 7240 feet

Texture: 100% sand
Composition: 60% olivine basalt, locally serpentinized; 40% polycrystal-
line quartz including scarlet grains.

Texaco Logan Butte Unit

1690 - 1720 feet

Texture: 60% coarse-fine sand; 40% coarse silt

Composition: 30% rhyolite and rhyolite porphyry with andesite, basalt,
coarse angular to rounded (coarse to fine) quartz sand, polycrystalline
and monocrystalline quartz 40%.

1720 - 1900 feet

Texture: 80% coarse to fine sand: 20% silt

Composition: 50% rounded 50% angular, (coarse to fine rhyolite porphyry
20%), 5% andesite, 10-25% basalt, some oxidized, some vesicular; 50-65%
quartz sand, monocrystalline and polycrystalline.

1900 - 2020 feet

Texture: 70% sand; 30% silt

Composition: 50% rounded, 5% angular, coarse to fine (25% rhyolite
porphry) : 30% andesite, basalt, and 40% quartz sand, 5% minor amounts of
tuff.

2020 - 3460 feet

Texture: 90% siltstone; 10% sandstone

Ccomposition: Gray coarse to medium siltstone with minor amounts of coarse
to fine quartz sand:; 1% muscovite: 1% white ash tuff.

3460 - 3640 feet

Texture: 50% silt: 50% sand
Composition: 50% fine monocrystalline and polycrystalline quartz sand and

50% gray siltstone.

3640 - 4480 feet

Texture: 90% siltstone; 10% sandstone
Composition: 90% gray fine to coarse siltstone with minor amounts of 1-10%
quartz sand; 1-10% basaltic and andesitic volcanics, * minor hornblende.

Texaco Federal No.

1500 -~ 1530 feet

Texture: 80% medium to fine sand; 20% silt
Composition: 60% white tuff (ash): 20% polycrystalline quartz; 15%
volcanics; 5% monocrystalline quartz.

1560 - 1590 feet

Texture: 80% medium to fine sand; 20% silt
Composition: 60% white tuff (ash): 20% polycrystalline quartz; 15%
volcanics: 5% monocrystalline quartz.

1620 - 1650 feet

Texture: 80% medium to fine sand: 20% silt
Composition: 30% tuff: 50% monocrystalline and polycrystalline quartz:
20% volcanics.

1680 - 1710 feet

Texture: 80% medium to fine sand: 20% silt
Composition: 80% polycrystalline and monocrystalline quartz (tuff); 10%
volcanics (latite, andesite): 10% tuff.

1740 - 1770 feet

Texture: 80% medium to fine sand: 20% silt
Composition: 80% polycrystalline and monocrystalline quartz (tuff): 10%
volcanics (latite, andesite): 10% tuff.

1800 - 1830 feet

Texture: 80% medium to fine sand: 20% silt
Composition: 80% polycrystalline and monocrystalline quartz (tuff); 10%
volcanics (latite, andesite): 10% tuff.

7280 - 7300 feet

Texture: 100% sand

Composition: 75% olivine basalt: 25% polycrystalline quartz, including
scarlet grains.

7340 - 7360 feet

Texture: 100% sand

Composition: 75% olivine basalt; 25% polycrystalline quartz including
scarlet grains.

7400 - 7420 feet

Texture: 100% sand

Composition: 85% basalt: 15% polycrystalline quartz with scarlet grains.
7460 — 7480 feet

Texture: 100% sand

Composition: 75% basalt: 25% polycrystalline quartz.

7520 - 7540 feet

Texture: 100% sand

Composition: 50% basalt; 50% polycrystalline quartz.

7580 - 7594 T.D.

Texture: 100% sand
Composition: 60% polycrystalline quartz: 40% basalt.

17-1, Crook Co., OR

4480 - 4540 feet

Texture: 80-95% silt: 5-20% sand

Composition: 80-95% gray siltstone with minor amounts of calcite (0-15%),
some minor dark gray quartzite; up to 10% basalt.

4540 - 4750 feet

Texture: 90% silt; 10% sand

Composition: 90% gray siltstone with minor amounts of 0-10% quartz sand
and 0-10% calcite.

4750 - 4810 feet

Texture: 70% silt: 30% sand

Composition: 70% gray siltstone and 30% fine polycrystalline and mono-
crystalline quartz sand.

4810 - 5230 feet

Texture: 80% silt: 20% sand

Composition: 70-95% gray siltstone and 5-15% minor quartz sand, also
5-10% prismatic gypsum crystals plus 1-2% olivine grains.

5230 - 5530 feet

Texture: 70% silt; 30% sand

Composition: 20-25% gray siltstone and olivine sand: 1-10% polycrystalline
and monocrystalline quartz.

5530 - 6490 feet

Texture: 50% silt: 50% sand

Composition: 15% gray siltstone with olivine and 65% polycrystalline and
monocrystalline whitc quartz sand: 30% silicic volcanics.

Core at T.D.

Texture: 100% sand
Composition: Olivine, white quartz, quartzite?, and chert sand.

1, Crook Co., OR

1860 - 1890 feet

Texture: 80% medium to fine sand:; 20% silt

Composition: 80% polycrystalline and monocrystalline quartz (tuff): 10%
volcanics (latite, andesite): 10% tuff.

1920 - 1950 feet

Texture: 80% medium to fine sand: 20% silt
Composition: 50% polycrystalline and monocrystalline quartz; 40% volcanics
10% tuff.

1980 - 2010 feet

Texture: 80% medium to fine sand; 20% silt
Composition: 80% polycrystalline and monocyrstalline quartz: 10% tuff;
10% volcanics (latite, andesite).

2040 - 2070 feet

Texture: 80% medium to fine sand; 20% silt
Composition: 50% polycrystalline and monocrystalline quartz; 10% tuff:
40% volcanics (latite, andesite).

2070_- 2100 feet

Texture: 80% sand; 20% silt

Composition: 20% red and black volcanics: 75% polycrystalline and mono-
cyrstalline yellow to white quartz; 5% minor amounts of white tuff with
dark rock fragments.

2100 - 2130 feet

Texture: 80% sand: 20% silt

Composition: 75% white to gray to gray-green fine sands and silts; 5%
yellow to white quartz (granules): minor amounts of white tuff with dark
rock fragments.
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2130 - 2160 feet

Texture: 80% sand; 20% silt

Composition: 20% red and black volcanics; 75% white to gray to gray-
green fine sands and silts: 5% yellow to white quartz (granules): minor
amounts of white tuff with dark rock fragments.

2160 - 2190 feet
Texture: 65% sand; 35% silt

composition: 35% red and black volcanics: 45% polycrystalline and mono-
cyrstalline quartz; 20% white tuff with dark reck fragments.

2190 - 2220 feet

65% sand; 35% silt
Composition: 20% red and black volcanics; 75% white to gray to gray-green
fine sands and silts; minor amounts of white tuff with dark rock fragments
with small amounts of skarn.

Texture:

2220 - 2760 feet

Texture: 65% sand; 35% silt

Composition: 40% red (ferric oxidized) and black volcanics, basalt, latite
andesite: 40% yellow to white polycrystalline snd monocrystalline quartz
{granules); 5% white tuff; 20% dark rock fragments.

2760_-_2790_feet

Texture: 65% sand; 35% silt

Composition: 20% red and black voleanics: 70% yellow to white polycrystal-
line and monocrystalline quartz; 10% minor amounts of white tuff with dark
rock fragments including hornblende, metavoleanics.

2790 -~ 2910 feet

Texture: 65% sand: 35% silt

Composition: 25% red and black volcanics: 70% yellow to white quartz
(granules); 5% miror amounts of white tuff with dark rock fragments.

2910 - 2940 feet

Texture: 65% sand: 35% silt

Composition: 25% quartz (medium-coarse, rounded (5%), angular (95%)); 30%
obsidian: 35% gray-red sandstone and siltstone; 10% rhyolite and basalt
fragments.

2940 - 2970 feet

Texture: 65% sand: 35% silt

Composition: 40% polycrystalline and monocrystalline guartz (95% angular
grains, 5% rounded grains); 55% basaltic volcarics? including ferric
oxidized fragments; 5% misc. metavolcanics and metasediments.

2970 - 3000 feet

Texture: 65% sand; 35% silt

Composition: 80% e&ray sands and silts: 5% obsidian; 15% rhyelite? and

basalt fragments.

3000 - 3030 feet

Texture: 70% sand; 30% silt

Composition: 65% polycrystalline and monocrystalline quartz; 30% basaltic
arnd andesitic fragments: 5% obsidian.

3030 - 3060 feet

Texture: 70% sand: 30% silt

Composition: 65% polycrystalline and monocrystalline quartz; 30% basaltic

and andesitic fragments: 5% obsidian.

3060 - 3090 feet

Texture: 70% sand: 30% silt

Composition: 75% polycrystalline and monocrystalline quartz; 20% basaltic
red and black volcanic rock fragments; 2% horrkblende; 2-3% obsidian.

3090 - 3120 feet

Texture: 70% sand; 30% silt

Composition: 95% white, gray, red fine sandstone and siltstone (50%
rounded); 5% black glass.

3120 - 3150 feet

Texture: 70% sand; 30% silt

Composition: 75% menocrystalline and polycrystalline quartz: 25% volcanics
(basalt, obsidian, andesite, latite, etc.)

3150 - 3210 feet

Texture: 70% sand: 30% silt

Composition: 75% monocrystalline and polycrystalline quartz; 25% volcanics
(basalt, obsidian, andesite, latite, etc.).

3210 - 3270 feet

Texture: 70% sand; 30% silt

Composition: 75% monocrystalline and polycrystalline quartz; 25% volcanics
(basalt, obsidian, andesite, latite, etc.).

3270 - 3300 feet

Texture: 70% sand; 30% silt

Composition: 75% monocrystalline and polycrystalline quartz; 25% volcanics
(basalt, andesite, latite, etc.).

3300 - 3330 feet

Textur 70% sand: 30% silt

Composition: 80% monocrystalline and polycrystalline quartz: 20%

miscellanecous volcanics.

3330 - _3510_feet
Textur 85% sand:; 15% silt
Composition: 50% miscellaneous volcanics; 50% polycrystalline and mono-

crystalline quartz.

3510 -

Textur
Composition:

3540 feet

80% sand; 20% silt
95% obsidian:

5% light green chert.

3540 3570 feet

Texture: 80% sand:
Composition:
5% green chert;
fragments) .

20% silt
75% polycrystalline and monocrystalline quartz,
25% miscellaneous volcanics (basalt, andesite,

including
obsidian
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3570_~ 3600 feet

Texture: 90% sand; 10% silt
Composition: 85% polycrystalline
volcanics (no obsidian).

monocrystalline quartz: 15% basaltic

3600 - 3630 feet

Texture: 90% sand:; 10% silt
Composition: 85% polycrystalline
volcanics (no obsidian).

monocrystalline quartz; 15% basaltic

3630 - 3660 feet

Texture: 80% sand: 20% silt
Composition: 85% polycrystalline
volcanics (no obsidian) .

monocrystalline quartz: 15% basaltic

3660 - 3690 feet

Texture: 80% sand; 20% silt
Composition: 85% polycrystalline
volcanics {no obsidian).

and monocrystalline quartz; 15% basaltic

3690 - 3720 feet

Texture: 95% sand: 5% silt

Composition: 60% polycrystalline (gray and green-gray quartzite):; 40%
basaltic volcanics.

3720 - 3750 feet

Texture: 95% sand: 5% silt

Composition: 60% polycrystalline (gray and green-gray quartzite); 40%
basaltic volcanics.

3750 - 3780 feet

Texture: 95% sand; 5% silt

Composition: 60% polycrystalline (gray and green-gray quartzite) : 40%
basaltic volcanics.

3780 - 3900 feet

Texture: 85% sand; 15% silt

Composition: 60% polycrystalline quartz (gray-green quartzite and milky
quartz): 40% basaltic volcanics.

3900 - 3990 feet

Texture: 85% sand: 15% silt

Composition: 60% polycrystalline quartz (gray-green quartzite and milky
quartz); 40% basaltic volcanics.

3990 -~ 4170 feet

Texture: 95% sand; 5% silt

Composition: 60% polycrystalline quartz (gray-green quartzite and milky
quartz): 40% basaltic volcanics.

4170 - 4230 feet

Texture: 95% sand; 5% silt

Composition: 35% basalt and andesite; 60% quartzite; 5% monocrystalline
quartz.

4230 - 4250 feet

Texture: 95% sand: 5% silt

Composition: 35% basalt and andesite: 60% quartzite: 5% monocrystalline
quartz.

4250 - 4410 feet

Texture: 95% sand; 5% silt

Composition: 35% basalt and andesite: 60% quartzite: 5% monocrystalline
quartz.

4410 - 4440 feet

Texture: 95% sand; 5% silt

Composition: 35% basalt and andesite; 68% quartzite; 5% monocrystallinc
quartz.

4440 - 4500 feet

Texture: 100% sand

Composition: 80% polycrystalline quartz,
quartz and quartzite but some minor light green chert;
volcanics.

light colored, mostly milky
20% basaltic

4500 - 4530 feet

Texture: 95% sand: 5% silt
Composition: 95% basaltic volcanics; 5% polycrystalline quartz.

4530 - 5910 feet

Texture: 95% sand; 5% silt
Composition: 60% polycrystalline (gray and green-gray quartzite):
basaltic volcanics.

40%

5910 - 5940 feet

Texture: 95% sand; 5% silt

Composition: 60% polycrystalline quartz (dark grav-areen quartzite): 35%
basalt, some oxidized red: 5% monocrvstalline aquartz.

5940 -~ 7680 feet

Texture: 95% sand; 5% silt

Composition: 60% aray, brown and greenish-gray polycrystalline quartz,

quartzite mostly; 35-40% basalt and metabasalt and metaandesite and

andesite, some oxidized (red):; 0-5% monocrystalline quartz.

7680 - T.D.

Texture: 95% sand; 5% silt

Composition: 80% polycrystalline quartz, mostly gray-greenish quartzite:

20% basalt and metabasalt.



Sunray Bear Creek Unit

3170 - 3200 feet

Texture: 75% medium-fine sand: 25% coarse silt
Composition: 65% fine sandstone fraoments: 25% volcanics, oxidized basalt
and andesite: 10% vpolvcrystalline and monocrvstalline auartz.

3200 - 3230 feet

Texture: 80% coarse to fine sand; 20% coarse silt
Composition: 40% fine sandstone fraaments: 10% coarse siltstone fragments:
40% basalt; 10% felsic volcanics and polycrystalline quartz (white “chert")

3230 - 3260 feet

Texture: 95% medium-fine sand; 5% coarse silt
Composition: 40% polycrystalline quartz: 15% monocrystalline quartz: 40%
basaltic and intermediate volcanics.

3260 - 3290 feet

Texture: 95% medium to fine sand; 5% coarse silt
Composition: 40% polycrystalline quartz; 15% monocrystalline quartz: 40%
basaltic ancd intermediate volcanics.

3290 -~ 3320 feet

Texture: 100% medium to fine sand

Compositien: 60% olivine, basalt fragments, some with reddish-stained
hematite; 20% polycrystalline quartz (quartzite, chert?); 20% monocrystal-
line quartz.

3320 - 3350 feet

Texture: 100% medium to fine sand

Composition: 50% clivine basalt (with minor detrital olivine grains
weathered out of basalts); 40% polycrystalline quartz; 10% monocrystalline
quartz.

3350 - 3380 feet

Texture: 100% medium to fine sand

Composition: 70% olivine basalt (includes detrital olivine grains): 25%
polycrystalline quartz; 5% monocrystalline quartz.

3380 - 3410 feet

Texture: 100% medium to fine sand

Composition: 60% basalt and olivine basalt: 10% felsic volcanic (some
devitrified): 20% polycrystalline quartz; 10% monocrystalline quartz.
3410 - 3440 feet

Texture 100% medium to fine sand

Composition: 30% basalt: 30% intermediate and felsic volcanics: 30% poly-
crystalline quartz: 10% monocrystalline quartz.

3440 ~ 3460 feet

Texture: 100% medium to fine sand

Composition: 30% basalt: 30% intermediate and felsic volcanics: 30% poly-
crystalline quartz; 10% monocrystalline quartz.

3870 - 3900 feet

Texture: 100% fine sand

Composition: 30% basalt; 30% intermediate and felsic volcanics; 30% poly-
crystalline quartz; 10% monocrystalline quartz.

3900 - 3930 feet

Texture: 100% fine sand

Composition: 70% basalt and intermediate volcanics; 5% felsic volcanics:
20% polycrystalline quartz: 5% monocrystalline quartz.

3930 - 3960 feet

Texture: 100% fine sand

Composition: 70% basalt and intermediate volcanics; 5% felsic volcanics:
20% polycrystalline quartz; 5% monocrystalline quartz.

3960 - 3990 feet

Texture: 100% fine sand

Composition: 70% basalt and intermediate volcanics; 5% felsic volcanics;
20% polycrystalline quartz; 5% monocrystalline quartz.

3990 - 4020 feet

Texture: 100% fine sand
Composition: 70% basalt and intermediate volcanics (some basalt is
vesicular); 5% felsic volcanics; 20% polycrystalline quartz; 5% monocrys-

talline euartz.

4020 -4050 feet

Texture: 100% fine sand

Composition: 70% basalt and intermediate volcanics (olivine detrital
grains more conspicuous): 5% felsic volcanics: 20% polycrystalline quartz:
5% monocrystalline quartz.

4050 - 4080 feet

Texture: 90% medium to fine sand; 10% silt
Composition: 70% basalt and intermediate volcanics; 5% felsic volcanics:
20% polycrystalline quartz:; 5% monocrystalline quartz.

4080 — 4110 feet

Texture: 60% fine to medium sand; 40% silt

Composition: 70% basalt and intermediate volcanics: 5% felsic volcanics;
20% polycrystalline quartz; 5% monocrystalline quartz. Some siltstone may
be classified as siltstone fragments of sand textural size. It is im-
possible to tell whether the siltstone is epiclastic or whether the silt
particles are cemented authigenically.

4110 - 4140 feet

Texture: 50% medium to fine sand; 50% silt
Composition: 60% basalt: 20% polycrystalline and monocrystalline quartz;
20% olivine.

4140 - 4170 feet

Texture: 50% medium to fine sand; 50% silt
Composition: 60% basalt; 20% polycrystalline and monocrystalline quartz;
20% olivine.

4170 - 4200 feet

Texture: 50% medium to fine sand; 50% silt
Composition: 60% basalt: 30% polycrystalline and monocrystalline quartz:
10% olivine.

No. 1, Crook Co., OR

4200 - 4230 feet

Texture: 70% sand: 30% silt
Composition: 60% basalt; 30% vpolvcrvstalline and monocrystalline quartz;
10% olivine.

4230 - 4260 feet

Texture: 70% sand; 30% silt

Composition: 80% basalt; 10% polycrystalline quartz:; 10% olivine.
4260 - 4290 feet

Texture: 70% sand: 30% silt
Composition: 70% basalt: 20% polycrystalline and monocrystalline quartz;
10% olivine.

4290 - 4320 feet

Texture: 70% sand; 30% silt
Composition: 70% basalt; 20% polycrystalline and monocrystalline quartz:
10% olivine.

4320 - 4350 feet

Texture: 70% sand; 30% silt
Composition: 70% basalt; 20% polycrystalline and monocrystalline quartz:;
10% olivine.

4350 - 4380 feet

Texture: 70% sand: 30% silt
Composition: 70% basalt:; 20% polycrystalline and monocrystalline quartz;
10% olivine.

4380 - 4410 feet

Textur: 70% sand: 30% silt
Composition: 80% basalt; 15% polycrystalline and monocrystalline quartz;
5% olivine.

4410 - 4440 feet

Texture: 70% sand; 30% silt
Composition: 80% basalt: 15% polycrystalline and monocrystalline quartz:
5% olivine.

4440 - 4470 feet

Texture: 70% sand; 30% silt
Composition: 80% basalt; 15% polycrystalline and monocrystalline quartz;
5% olivine.

4470 - 4500 feet

Texture: 70% sand: 30% silt
Composition: 80% basalt:; 15% polycrystalline and monocrystalline quartz;
5% olivine.

4500 - 4530 feet

Texture: 70% sand; 30% silt
Composition: 80% basalt; 15% polycrystalline and monocrystalline quartz;
5% olivine.

4530 - 4560 feet

Texture: 60% medium to fine sand: 40% micaceous silt
Composition: 80% basalt; 15% polycrystalline and monocrystalline quartz:
5% olivine.

4560 - 4590 feet

Texture: 60% mostly fine sand; 40% micaceous silt
Composition: 80% basalt; 15% polycrystalline and monocrystalline quartz;
5% olivine.

4590 - 4620 feet

Texture: 70% sand; 30% silt
Composition: 80% basalt; 15% polycrystalline and monocrystalline quartz;
5% olivine.

4620 - 4650 feet

Texture: 70% fine sand; 30% micaceous silt
Composition: 70% basaltic: 20% polycrystalline and monocrystalline quartz;:
10% olivine.

4650 - 4680 feet

Texture: 70% medium to fine sand:; 30% micaceous silt
Composition: 70% basaltic; 20% polycrystalline and monocrystalline quartz:
10% olivine.

4680 -~ 4710 feet

Texture: 70% medium to fine sand:; 30% micaceous silt
Composition: 70% basaltic: 20% polycrystalline and monocrystalline quartz:
10% olivine.

4710 - 4740 feet

Texture: 70% medium to fine sand; 30% micaceous silt
Composition: 70% basaltic: 20% polycrystalline and monocrystalline quartz:
10% olivine.

4740 - 4770 feet

Texture: 70% medium to fine sand: 30% micaceous silt
Composition: 70% basaltic; 20% polycrystalline and monocrystalline quartz:
10% olivine.

4770 - 4810 feet

Texture: 70% medium to fine sand:; 30% micaceous silt
Composition: 70% basaltic:; 20% polycrystalline and monocrystalline quartz;
10% olivine.

4810 - 4830 feet

Textur 70% medium to fine sand; 30% micaceous silt
Composition: 70% basaltic: 20% polycrystalline and monocrystalline quartz:
10% olivine.

4830 - 4860 feet

Textur 70% medium to fine sand:; 30% micaceous silt
Composition: 70% basaltic; 20% polycrystalline and monocrystalline quartz;
10% olivine.
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4860 - 4890 feet

Textur: 60% sand: 40% silt
Composition: 70% basaltic;
10x olivine.

20% polycrystalline and monocrystalline quartz;

4890 - 4920 feet

60% sand; 40% silt
70% basaltic:

Texture:
Composition:
10% olivine.

4920 - 4950 feet

Textur 75% medium to fine sand: 25% silt
Composition: 50% basalt; 45% polycrystalline and monocrystalline quartz;
5% olivine.

20% polycrystalline and monocrystalline quartz:

4950 - 4980 feet

75% medium to fine sand: 25% silt
40% basalt; 50% polycrystalline and monocrystalline quartz;

Texture:
Composition:
10% olivine.

5010 - 5040_feet

Texture: 50% medium to fine sand; 50% silt
Composition: 45% basalt; 45% quartz; 10% olivine.

5040 - 5070 feet

Textur 50% medium to fine sand; 50% silt
Composition: 45% basalt:; 45% quartz; 10% olivine.
5070 - 5100 feet

Texture: 50% medium to fine sand; 50% silt

Composition: 45% basalt; 45% quartz; 20% olivine.

5100 - 5130 feet

Texture: 50% medium to fine sand; 50% silt
Composition: 45% basalt: 45% quartz; 10% olivine.
5130 - 5160 feet

Texture 50% medium to fine sand: 50% silt
Composition: 85% basalt; 10% quartz; 5% olivine.
5160 - 5190 feet

Texture: 60% sand; 40% silt

Composition: 85% basalt; 10% quartz; 5% olivine.
5190 - 5220 feet

Texture: 60% sand; 40% silt

Composition: 85% basalt; 10% quartz; 5% olivine.
5220 - 5250 feet

Texture: 60% sand: 40% silt

Composition: 85% basalt; 10% quartz; 5% olivine.
5250 - 5280 feet

Texture: 70% sand; 30% silt

Composition: 85% basalt; 10% quartz; 5% olivine.
5280 - 5310 feet

Texture: 70% sand; 30% silt

Composition: 85% basalt; 10% quartz; 5% olivine.
5310 - 5340 feet

Texture: 70% sand: 30% silt

Composition: 85% basalt; 10% quartz; 5% olivine.
5340 - 5370 feet

Texture: 70% sand; 30% silt

Composition: 85% basalt:; l0% quartz; 5% olivine.
5370 - 5400 feet

Texture: 70% sand: 30% silt

Composition: 90% basalt; 5% polycrystalline quartz; 5% olivine.

5400 - 5430 feet

Texture: 70% sand: 30% silt

Composition: 90% basalt; 5% polycrystalline quartz; 5% olivine.

5430 . 5460 feet

Texture: 60% medium sand: 40% silt

Composition: 80% basalt; 15% polycrystalline quartz; 5% olivine.

5460 - 5490 feet

Texture: 60% medium sand: 40% silt

Composition: 80% basalt: 15% polycrystalline quartz; 5% olivine.

5490 - 5520 feet

Texture: 40% sand; 60% silt

Composition: 70% basalt: 25% polycrystalline and monocrystalline quartz;
5% olivine.

5520 - 5550 feet

Texture: 40% sand: 60% silt

Composition: 70% basalt: 25% polycrystalline and monocrystalline quartz;
5% olivine.

5550 - 5580 feet

Texture: 40% sand; 60% silt

Composition: 70% basalt; 25% polycrystalline and monocrystalline quartz;
5% olivine.

5580 - 5610 feet

Texture: 40% sand; 60% silt

Composition: 70% basalt; 25% polycrystalline and monocrystalline quartz;
5% olivine.

5610 - 5640 feet

Texture: 40% sand; 60% silt

Composition: 70% basalt; 25% polycrystalline and monocrystalline quartz:
5% olivine.

5640 - 5670 feet

Texture: 40% sand; 60% silt

Composition: 60% basalt; 35% polycrystalline and monocrystalline quartz;

5% olivine.
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5670 - 5700 feet

Texture: 40% sand:; 60% silt
Composition: 60% basalt: 35%
5% olivine.

5700 - 5730 feet

Texture: 40% sand; 60% silt
Composition: 60% basalt; 35%
5% olivine.

5730 - 5760 feet

Texture: 40% sand; 60% silt
Composition: 60% basalt; 35%
5% olivine.

5760 - 5790 feet

Texture: 40% sand; 60% silt
Composition: 60% basalt: 35%
5% olivine.

5790 - 5820 feet

Texture: 40% sand; 60% silt
Composition: 60% basalt; 35%
5% olivine.

5820 - 5850 feet

Texture: 40% sand; 60% silt
Composition: 80% basalt; 15%
5% olivine.

5850 - 5880 feet

Texture: 40% sand; 60% silt
Composition: 80% basalt; 15%
5880 - 5910 feet

Texture: 40% sand; 60% silt
Composition: 80% basalt; 15%
5910 - 5940 feet

Texture: 90% sand; 10% silt
Composition: 50% basalt; 45%
5940 - 5970 feet

Texture: 40% sand; 60% silt
Composition: 80% basalt:; 15%
5970 - 6000 feet

Texture: 40% sand; 60% silt
Composition: 80% basalt; 15%
6000 _- 6030 feet

Texture: 40% sand; 60% silt
Composition: 80% basalt: 15%

6030 - 6060 feet

Texture: 40% sand; 60% silt
Composition: 80% basalt; 15%
6060 -6090 feet

Texture: 40% sand; 60% silt
Composition: 80% basalt: 15%
6090 - 6120 feet

Texture: 85% silt; 15% sand
Composition: 80% basalt:

6120 - 6150 feet

Texture: 85% silt; 15% sand

Composition: 80% basalt; 15%

6150 - 6180 feet

Texture: B85% silt; 15% sand

Composition: 80% basalt; 15%
80 - 6210 feet

Texture: 85% silt:; 15% sand

Composition: 80% basalt; 15%

6210 - 6240 feet

Texture: 50% sand; 50% silt

Composition:

5% olivine.

6240 - 6270 feet

Texture: 50% sand: 50% silt
Composition:

5% olivine.

6270 -

Texture:
Composition:
5% olivine.

6300 feet

50% sand; 50% silt

6300 - 6330 feet
Texture: 50% sand; 50% silt
Composition: 55% polycrystalline

5% olivine.

polycrystalline and

polycrystalline and

polycrystalline and

polycrystalline and

polycrystalline and

polycrystalline and

polycrystalline quartz;:

polycrystalline quartz;
polycrystalline quartz:
polycrystalline quartz;
polycrystalline quartz;
polycrystalline quartz;
polycrystalline

quartz:

polycrystalline quartz:

15% polycrystalline quartz;

polycrystalline quartz;

polycrystalline quartz;

polycrystalline quartz:

55% polycrystalline and monocrystalline

55% polycrystalline and monocrystalline

55% polycrystalline and monocrystalline

and monocrystalline

6330 - 6360 feet

Texture: 50% sand; 50% silt

Composition: 80% basalt: 15% polycrystalline quartz;
6360 - 6390 feet

Texture: 50% sand; 50% silt

Composition: 80% basalt: 15% polycrystalline quartz:
6390 - 6420 feet

Texture: 50% sand:; 50% silt

Composition: 80% basalt: 15% polycrystalline quartz;:
6420 - 6450 feet

Texture: 50% coarser sand: 50% silt

Composition: 80% basalt: 15% polycrystalline quartz:

monocrystalline quartz;

monocrystalline quartz;

monocrystalline quartz;

monocrystalline quartz;

monocrystalline quartz;

monocrystalline quartz:

5%

olivine.

olivine.

olivine.

olivine.

olivine.

olivine.

olivine.

olivine.

5% olivine.

5% olivine.

5% olivine.

5% olivine.

40%

quartz; basalt;

quartz; 40% basalt:

quartz; 40% basalt;

quartz; 40% basalt:

5% olivine.

5% olivine.
5%

olivine.

5% olivine.



6710 - 6740 feet
Texture: 60% silt:; 40% sand
Composition: 90% basalt: 10% polycrystalline

6740 - 6770 feet

Texture 60% silt; 40% sand

Composition:
6770 - 6800 feet

60% silt; 40% sand
90% basalt; 10%

Texture:
Composition:

6800 - 6830 feet

Texture: 60% silt; 40% sand

Composition:
6830 - 6860 feet

Texture: 60% silt;
Composition:

40% sand

6860 - 6890 feet

Texture: 60% silt:
Composition:

40x% sand

6890 - 6920 feet

Texture: 60% silt: 40% sand

Composition:

6920 - 6950 feet

90% basalt; 10% polycrystalline

polycrystalline

90% basalt; 10% polycrystalline

90% basalt: 10% polycrystalline

90% basalt; 10% polycrystalline

90% basalt; 10% polycrystalline

Textur 60% silt; 40% sand

Composition: 90% basalt: 10% polycrystalline
6950 - 6980 feet

Texture: 60X silt; 40% sand

Composition: 90% basalt: 10% polycrystalline
6980 - 7010 feet

Texture: 60X silt: 40% sand

Composition: 60% basalt; 35% polycrystalline

5% olivine.

7010 - 7040 feet

Textur 60% silt; 40% sand
Composition:

5% olivine.

7040 - 7070 feet

Texture: 60% silt:
Composition:
5% olivine.

40% sand

7070 - 7100 feet

:  60% silt; 40% sand
50% basalt; 45% quartz;

Textur
Composition:

7100 - 7130 feet

Textur 60% silt: 40% sand
Composition: 50% basalt: 45% quartz;
7130 - 7160 feet

Textur 80% medium sand; 20% silt
Composition: 70% polycrystalline quartz;
quartz.

7160 - 7190 feet

Texture: 80% medium sand; 20% silt
Composition: 70% polycrystalline quartz:
quartz.

7190 - 7220 feet

Texture: 80% medium sand; 20% silt
Composition: 70% polycrystalline quartz:
quartz.

7220 - 7250 feet

Texture: 80% medium sand; 20X silt
Composition: 70% polycrystalline quartz:
quartz.

7250 - 7280 feet

Texture: 80% medium sand; 20% silt
Composition: 70% polycrystalline quartz;
quartz.

7280 - 7310 feet

Texture: 80% medium sand; 20% silt
Composition: 70% polycrystalline quartz:
quartz.

7310 - 7340 feet

Texture: B80% medium sand: 20% silt
Composition: 70% polycrystalline quartz:
quartz.

60% basalt: 35% polycrystalline

60% basalt:; 35% polycrystalline

20%

quartz.

quartz.

quartz.

quartz.

quartz.

quartz.

quartz.

quartz.

quartz.

and monocrystalline quartz:

and monocrystalline quartz;

and monocrystalline quartz:

5% olivine.

5% olivine.

basalt:

basalt;

basalt;

basalt;

basalt:;

basalt;

basalt:

10%

10%

monocrystalline

monocrystalline

monocrystalline

monocrystalline

monocrystalline

monocrystalline

monocrystalline

7340 - 7370 feet

Texture: 80% medium sand:; 20% silt
Composition: 70% polycrystalline quartz; 20%
quartz.

7370 _-_7400 feet

Texture: 80% medium sand; 20% silt
Composition: 70% polycrystalline quartz: 20%
quartz.

7400 - 7430 feet

Texture: 80% medium sand; 20% silt
Composition: 70% polycrystalline quartz: 20%
quartz.

7430 - 7460 feet

Texture: 80% medium sand; 20% silt
Composition: 70% polycrystalline quartz: 20%
quartz.

7460 - 7490 feet

Texture: 80% medium sand: 20% silt
Composition: 70% polycrystalline quartz: 20%
quartz.

2490 - 7520 feet

Texture: 80% medium sand; 20% silt
Composition: 70% polycrystalline quartz; 20%
quartz.

7520 - 7550 feet

Texture: 80% medium sand: 20% silt
Composition: 70% polycrystalline quartz; 20%
quartz.

7550 - 71580 feet

Texture: 80% medium sand; 20% silt
Composition: 75% polycrystalline quartz: 15%
quartz.

7580 - 7610 feet

Texture: 80% medium sand; 20% silt
Composition: 75% polycrystalline quartz; 15%
quartz.

7610 — 7640 feet

Texture: 80% medium sand; 20% silt
Composition: 40% polycrystalline quartz; 40%
quartz; 3% olivine.

7640 - 7670 feet

Texture: 80% medium sand; 20% silt
Composition: 40% polycrystalline quartz; 40%
quartz; 3% olivine.

7670 - 7700 feet

Texture: 80% medium sand; 20% silt
Composition: 40% polycrystalline quartz; 40%
quartz: 3% olivine.

7700 - 7730 feet

Texture: 80% medium sand; 20% silt
Composition: 40% polycrystalline quartz: 40%
quartz; 3% olivine.

7730_-_ 7760 feet

Texture: 80% medium sand; 20% silt
Composition: 40% polycrystalline quartz: 40%
quartz; 3% olivine.

7760 - 7790 feet

Texture: 80% medium sand; 20% silt
Composition: 40% polycrystalline quartz; 40%
quartz; 3% olivine.

7790 - 7820 feet

Texture: 80% medium sand; 20% silt
Composition: 40% polycrystalline quartz; 40%
quartz; 3% olivine.

1820 -_7850 feet

Texture: 80% medium sand; 20% silt
Composition: 65% basalt: 30% polvcrystalline
quartz; 1% olivine.

7850 - 7880 feet

Texture: 80% medium sand; 20% silt
Composition: 65% basalt; 30% polycrystalline
quartz; 1% olivine.

7880 - 7910 feet

Texture: B80% medium sand; 20% silt
Composition: 65% basalt; 30% polycrystalline
quartz; 1% olivine.
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basalt;

basalt:

basalt;

basalt;

basalt;

basalt;

basalt;

basalt:

basalt:

basalt;

basalt:

basalt:

basalt:

basalt;

basalt:

basalt:

quartz;

quartz;

quartz;

10x monocrystalline

10% monocrystalline

10% monocrystalline

10% monocrystalline

10% monocrystalline

10% monocrystalline

10% monocrystalline

10% monocrystalline

10% monocrystalline

17% monocrystalline

17% monocrystalline

17% monocrystalline

17% monocrystalline

17% monocrystalline

17% monocrystalline

17% monocrystalline

4% monocrystalline

4% monocrystalline

4% monocrystalline
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