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INTRODUCTI ON

Geographic Location

The Development Associates Basalt Explorer No. I is a wildcat well

* drilled in the autumn of 1960 in Section 10, Township 21 North, Range 31 East

of the Wilamette Meridian, in Lincoln County, Washington. The exact

location of the wellsite is described as beginning at the northwest

corner of Section 10, thence south a distance of 2662.63 feet aiong the

west line of the section, thence South 82 51' East a distance of 477 feet.

The well is nearly centered in the North Half of the Northeast Quarter of

the Northwest Quarter of the Northwest Quarter of the Southwest Quarter of

Section 10, (N12 NE/ NMI NW/ SW/ Sec. 10). The town of Odessa is 11 miles

to the east and the town of Marlin is six miles to the northwest.

Geologic Location

- The Basalt Explorer well is in the channeled scabland portion of the

Columbia Plateau Province and is approximately 50 miles south of the north

rim of this saucer-like basin and 75 miles north of the basin's center.

The surface is generally covered by wind deposited silt which may be very

thin to several feet thick, but much of it is covered by nothing except.

rough rock and a, very thin silty to clayey soil weathered from the under-

lying lava rocks, generally referred to as the Columbit River Basalt.

Topographically the area gently rolls except where cut by box-like canyons

or coulees. Hence the name, channeled scabland. The uellsite is in a

-cabland area which supports mainily a scanty sagebrush cover. Precipi-

tation is light and the basin is sei-arid since it is in the rain shadow

created by the Cascade Mountains on the west. Moct of the drainagd i'

internal,especially in the sagebrush areas where moisture can'readily
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.*enter the joints or fractures which are characteristic of basalt. Con-

sequently, the density of established surface drainage channels is

comparatively low, even for an arid area. There are many irregularly

shaped closed depressions which support only sagebrush since the soil

is so Ieached. Some of the depressions are filled with small lakes at

least part of the year.

Purpose

The Basalt Explorer well was drilled to prospect for gas or oil,

or locate strata suitable for underground gas storage. No production

was obtained and no strata were found which would be economically usable

for gas storage, but the information resulting from the drilling will

add to the geologic knowledge of an area.covering most of eastern

Washington. The purpose of this report is to make the results of the

well available to anyone interested in geologic exploration of the

Columbia Basin.

Drilling Program and Methods

The Basalt Explorer well was spudded August 12, 1960 and released

December 14, 1960 to be completed as a water well. The drilling contractor

was Nichols-M.K. of Boise,Idaho. The contractor used a Robbins rotary

drill, briefly described later. A 17 1/2 inch surface hole was drilled

to 96 feet using air to remove drill cuttings. Casing of 9-5/8" size

was set at that depth with 4 1/2 cubic yards of concrete. From 96 feet

to 1938 feet a 7 7/8 inch hole was drilled with air and foam equipment

contracted from Wells Completion, Inc. of Denver, Colorado. From 1938

feet the 7 7/8 inch hole was continued to the total depth of 4682.5 feet,

using circulating m-ud to- rcmove cuttings.

Two 3 1/2 inch cores were cut, one in ihile at 4499 feet and one in.
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.---intrusive rock at 4667 feet (see Samp1e Descriptions). The total depth of
".....

4682.5 feet was reached October 14, 1960, or 64 days after spudding, an

average of 73 feet per day. After the total depth was reached, two

Halliburton drill sten tests were attempted (see TESTS). A Schlumberger

electric log was made next, and depths were selected from it for the side

wall core samples (see Sample Descriptions). A Geolograph was installed

at 584 feet and used to the total depth. Operations at the wellsite were

ended October 30, 1960.

Drilling the Explorer well provided an opportunity to test new equip-

ment 'and techniques for drilling in the Columbia River basalts. A Robbins

rotary drill which was specifically designed for drilling large diameter

relatively shallow holes in hard rock was used. The kelly joint and rotary

table of the Robbins drill are mounted in a mast on the front of a D-9

Caterpillar tractor. A swivel-traveling block combination is in the same

mast iF. front of the kelly and is raised and lowered by a sprocket viheel

and chain assembly. The mast members serve as tracks for the swivel con-

;bination which moves up and down the kelly. The kelly transmits the

rotary motion to the drill-string but is by-passed by the drilling mud

-which is fed directly into the drill string from the swivel. The sprocket

.assembly enables most of the weight of the caterpillar to be applied to

the drill bit. The mast holds one 30 foot length of pipe of the drill

string which it' supports. A 100 foot -derrick was used to rack the drill

pipe. The caterpillar was moved into the 100 foot derrick for drilling,

sand out of it to allow drill bits to be changed. Hoisting power was

supplied by a winch and conventional traveling block. An air compressor

is mounted at the rear of the caterpillar and shallow holes are drilled

with air. This compressor vas used only while drilling the surface pipe

conductor hole of the Basalt Explorer -ell.

The Robbinrs drill can apply weight on the drill bit from the start,



W'vhere'is; uith a coniventional rotary drill, 'bit loading results only from

the weight of the tools. This advantage is gradually lost as the drill

stem becomes heavy enough to supply the needed weight.

- Drilling with air as a circulating radium was tried from the surface

to a depth of 1938 feet where the equipment could no longer satisfactorily

overcome the hydrostatic head. A foaming agent was added continuously,

starting at about 300 feet. Two 850 cubic feet per minute air compressors

and one booster delivering air at the standpipe at 1000 pounds per square

inch were used during the air drilling phase of the well from 96 feet to

1938 feet.

Air drilling had the advantages that it could be determined almost

immediately wh'at type of formation the bit was drilling, lost circulation

was not very evident, and samples and formations seem to have been relatively

uncontaminated. After converting to a =ud system, the up-hole mnd velocity

was'found to be about one and one-half minutes per 100 feet, which delayed

the rock samples up to an hour or more. As determined from the side wall

cores (see Sample Descriptions), sore soft sedimentary type deposits inter-

bedded in the basail section were not detected in the rotary drill samples.

It was inferred that other such deposits were not noted because they were

dissipated by both'the-driljing mud and air.

Water base 'bentonitic cud was used throughout the hole below 1938 feet.

Circulation could not be established until sawdust was added to the drilling

mud and about one and one-half days were lost trying to establish circulation.

During air drilling the hole war drained of fluidsand permeable zones where

circulation might have been lost were not identified. For that reason,

the depth of the zone, or zones, where mud circulation was lost; is not,

known. They ore probably above'900 feet in the vell, in the Wenas Basalt

(see STRATIGRAPHY) which is nore porous than the basalt below 900 feet.
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* Below 1938 feet there vwas very little non-drillin% time due to poor circu-

lation. The zones of lost circulation were never completely sealed, however,

and mud had to be mixed and sawdust added during every tour to total depth.

Bit pressures of 40 to 50 thousand pounds and rotating speeds of 40

to 50 revolutions per minute were maintained during both the air and mud

drillin- phases. A rotary speed of about 60 revolutions per minute was

tried early in the air drilling phase and seemed to lessen bit life. A

hole deviation of 4 was measured at 3618 feet. No symptoms of serious

-deflection were noted.

During the air drilling phase 1842 feet were drilled in 181.5 hours,

an average of 10 feet per hour. During the mud drilling phase 2729 feet

were drilled in 409 hours, an average 6f 6.7 feet per hour. Drilling time

anid footage for the surface hole and during coring are not included in these

comparisons. The drilling time is the actual hours drilled and does not

include time used in making pipe connections, changing bits or repair time.

The drilling rate with air was 1527. of the rate for mud drilling, and the

average cost per foot with air was 81.37 of the average mud drilling cost.

* Factors used in the cost comparison are those items which were restricted

to the individual drilling method, i.e. air compressors, mud pump, etc.

Special and overhead costs, which were relatively constant to both methods,

were not included. Since drilling costs increase with depth, the inclusion

of fixed charges would'show air drilling to be even more efficient in this

case.

Recent Exolorction

The closest recent attempt to drill through the Columbia diver Basalt

was by Standard Oil of California in Benton County, Washington in 1958.

The Standard well, tl.e Rattlesnlkae Hills unit Y:o. 1, is 10 miles vest ot
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the depleted Rattlesrake Hills gas field'end approximately 75 miles

southwest of the Basalt Explorer well. Standard's wall was drilled to

a total depth of 10,660 feet. fiva times as deep as the field wells in the

same area, and over twice as deep as the Explorer well, without passing

through the Columbia River Basalt.

STRATIGRAPHY

The lava flows drilled by the Basalt Explorer well are divisible

into two units which appear to be correlative with the Columbia River

Basalt. An upper porphyritic unit and a lover and thicker aphanitic

unit may correspond to the Wanas Basalt and the Yakima Basalt respectively,

the recognized two members of the Miocene Columbia River Basalt formation.

Below the basalt flows the Explorer' well penetrated through a pre-

viotisly unknown sedimentary section. This and the lava flows are described

below. The sediments have been tentatively named the Zrby Shale and the

Odessa Sand, after nearby towns. A distinctive red zone in the Yakira

Basalt has also been given a tentative name, the Marlin marker, since it

would be a good reference plane if it is extensive horizontally.

The Wenas Basalt

The basalt flows of the upper 910 feet drilled in the Explorer wall

are very porphyritic with much secondary mineralization and a high frequency

of rust and red colored weathered zones. They are distinguished from the

subjacent aphanitic basalt flows on the basis of these criteria and may

correlate with the Wenas Basalt member of the Colrmbia River Basalt formation.

It is probable that there ware Treater tire lapses between the indivi.

dual flow: of the Wenas than there vere botween the Yakima flows. The

Wa-vnts formation reprerents the lest steges in the crustal adjuit=an:s

which extruded the Colunbia iRIver Basalt, and which seem to have become

inrermittent before ceasing.
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During the interflow tirnes aerated surface waters should have

had easy access to the shrinkage fractures which are characteristic

of basalt. The water facilitated the deterioration and recombination

of basaltic minerals in the upper parts of succeeding flows forming

the red zones and secondary minerals.

Another distinguishing, and also curious, feature of the Wenas

Basalt in the Explorer well is the presence of zones of a highly con-

centrated magnetic mineral identified as magnetite. The entire Wenas

was found to be unusually rich in disseminated magnetite when compared

with the Yakima Basalt, and beginning at the depth of about 130 feet

thin zones comprised almost exclusively of that mineral were present.

Magnetite is almost always a basic accessory mineral in basalt but some-

thing approaching magmatic differentation or segregation had to take place

--to'concentrate it and make it a primary constituent. Differences in'cool-

ing rates could possibly account for the magnetite but it could easily be

theorized that a change in the composition of the parent =agma of the

Columbia River basalts took place before the extrusion of the Wenas Basalt,

differentiating it from the Yakima Basalt.

Water bearing zones were found to be numerous in the basalts and seemed

to be especially so in the Wenas. The first such zone was encountered at

about' 70 feet and was barely detectable. Succeeding flows were free flow-

ing and plentiful but apparently not under much pressure. Only once did

enough head build up for water to flow to the surface, and then it was only

for a few seconds with no jetting action. The flow could have been caused

by a surging action in several of the low pressure weter zones is a resvlt

iof their equilibrium having been disturbed.
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Permeability seems to be providgd by the complex and extensive joint

systems in basalt or by broken an!d :eathered interf low zones. A limited

amount of permeability :was observed in samples with interconnected vesicles

which were presumably from the upper parts of flows. The observed vesicular

permeability could not account for the amount of water found in the Explorer

well but the jointing seen ir. surface exposures could. The rate of water

ejection by the air drilling equipment often increased abruptly after the

rate had been constant for many feet. The water volume leveled off each

time at the increased rate. The increases in water volume were especially

noticeable during the air drilling phase and each increase was cumulative

on down to 1938 feet in the Yakima Basalt where air drilling was dis-

continued due to the difficulty of ejecting water which would fill the

hole to within approximately 100 feet of the surface during drilling in-

terruptions.

--_ - 7 , ..- .. . _,. -. - - . . .

The Yakima Basalt

Underlying the Wenas Basalt in the Explorer well there is about 3550

feet of aphanitic and generally featureless basalt flows which are here

correlated with the Yakima Basalt. The Yakima is the lower and older unit

in the twofold division of the Columbia River Basalt. There is some doubt

about the lower boundary whbich is explained later. The upper boundary was

plrced at 910 feet where the basalt became very uniform in dark gray color

and very fire texture with few secondary minerals and much less =2gnetite

than was found in the Wenas Basalt. These criteria were not Imediately

iccognized as constituting the Yakire, so it was some time befcrc a definite

identification was made. It is now believed that im-ediate identification

can be made with the above chra-cteristics and upon the first cppearance

of blue-arcen colored tMorphOV3 A-nd a &i srA inclusscns which ;Pverrgee



about one-twentieth inch across. The blue-green rvineral appeared frequently

and characteristically in the Yakiea * generally as a secondary lining in

gas vesicles. It sometimas occurred as a szcond scave in secondary minerali-

zation, being underlain by a layer of olive-green amorphous mineral in

vesicles. Both the blue-green and the olive-green minerals are somewhat

reniform or botryoidal and have a dull wax-like appearance. The distinction

between the two divisions of the Columbia River basalts at 910 feet may or

may not be genetic. The important factor is that there is a division which

may be consistently identified and used to give structural data.

The Yakima Basalt as found in Basalt Explorer is remarkable in its lack

of variety. Over 3100 feet of rock has scarcely any distinguishing features.

It is probable that the mass of Yakica Basalt was extruded in a relatively

short geological time. The flows were probably rather thin, perhaps on the

order of 50 feet thick, and must have come one upon the other so rapidly

that preceding flows may not have been completely cool. There was little

time for weathering processes to take effect as there was later with the

Wenas flows, and it might be said that the times required for extrusion of

thetwo could have been nearly the same though the Yakima is nearly .four

times as thick as the Wenas.

At 3100 feet to 3140 feet in the Yakima there was a bright red zone of

weathered basalt which was distinct from anything previously seen in the

well, especially in the Yakima. In a generally featureless sequence such

as was found, this zone could serve as an excellent marker and it is pro-

posed that it be called the Marlin marker. There had been other limited

occurrences of rusty colored veathe:ed basalts but none as unique as the

Marlin marker which could easily be used as a datum for subsurface structure

maps if it is extensive enough.
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The exact lower limit of the Columbia River Basalt in the Explorer

well could not be determined within a margin of about 100 feet. It as

between the depths of 4350 feet and 4470 feet. By rotary drill'sample

interpretation the basalt was drilled through at about 4470 feet with a

300 foot interval above that depth of interbedded basalt ar.d sedimentary

rock. The electric log appears to show the bottom of 'the basalt at a

depth of about 4350 feet.

Sedimentary Deposits

The first conclusively non-basaltic rocks indicated in the drill samples

were at the depth of 4170 feet as discussed below. By drill samples the

first pre-basalt sediments were found below 4465 feet. After reaching total

depth nine side wall cores were cut, several of which recovered sedimentary

rocks. The following discussion is in the order of the sediments relative

position in the well and not in the order in which they were first noted.

The drill cuttings sample from 4170 feet to 4175 feet contained a

trace of pale green diatomite, the siliceous shells of microscopic algae. -

The trace was so small that this information is not very valuable in

itself. The five foot sample was, however, followed by an interval down

to 4200 feet in which the samples contained a high percentage of light

brown mudballs from a very soft shale. The shale is slightly calcareous

and,owhen wet, has a greenish tint indicating it probably contains some

diatom shells.

Five side wall cores were recovered from between the depths of 44C0

feet and 4525.5 feet. Two were micaceous shale or siltstone which were

somewhat plastic, like modeling clay, and had indistinct bedding planes.

Three were fine to coarse white subangular qdartz.grzins in a plastic clay-

like liHht gray matrix which was not definitely identified. The unit'enti-

fied matrix in the latter three cores end the one at 940 feet are probably



glassy volcanic ejecta which has been devitrified and is in the process of

being altered to a clay.

Angular and subangular grains similar to the quartz grains in the last

three side wall cores were often encountered below 1930 feet where they first

appeared. Doubtlessly some of them were quartz grains washed out of deposits

similar to those in the cores, but most of them were probably olivine. The

grains in general looked like milky or colorless quartz but were not quite

hard enough to be quartz. when grains were found with green flecks of color

it was decided that the quartz-like grains were an unusual type of olivine.

Other semi-indurated sedimentary beds similar to the cores described

above were probably penetrated by the hole but because they are so thin and

soft were dissipated in the drilling mud,or pulverized in the air drilling

and consequently they were not detected in the drill cuttings.

By drill sample interpretation the final break through the basalt flows

was at about 4465 feet. An unconsolidated sand was encountered which persisted

to 4499 feet. The sand consisted of quartzose poorly sorted grains up to

coarse size. Most of the grains have a somewhat rounded shape which is in-

dicative of its sedimentary origin. Fracture surfaces which spear unworn

are abundant and there are some sharply angular grains. Cementing material

appears completely lacking which would tend to greatly increase porosity and

permeability. An average description would be that of an unconsolidated

quartzose sand of subangular coers=e to fine grains.

An attempt was made to obtain a 3 1/2 inch vertical core of the sand

starting at '4499 feet. Apparently that was the exact bottom of the sand

since the cored material consisted entirely of 14 feet of red shale.

Irby Shale

The shale c6red from 4499 feet to 4513 feet is a rust or red color,taS

poorly developed bedding planes which occis.onally are parallel but generally
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are hackly, and containc zcnas *:i h up to about 10% sand grains similar to

those described above. One twn-inch specimen contains parallel layers up

to one-sixtieth irch thick of greenish bantonite. Tha bentonite's chief

attendant meaning is in its being bedded which shows that the red shale is

a true though poor shale and not a pslesol as was thought by one authority..

Aftercoring the 14 feet from 4499 feet to 4513 feet, drilling was re-

sumed and by sample determination the bottom of the red shale was at about

4575 feetor a total thickness of about 75 feet. An X-ray spectrographic

analysis of specimens of the shale core showed them to be approximately one-

half clay of the montmorillonite group and one-half clay of the kaolinite

group in a single specimen. These are clay minerals which are, respectively,

hydrous and anhydrous aluminum silicate hydroxides. Hoatmorillonite sup-

posedly characterizes lagoonal and alkaline environments, and keolinite a

fresh water environment. Little research has been done in this respect and

the information is not to be relied upon, especially since it is c~ontrzdictory

in this case. Little can be determined in this direction except that about

75 feet of approximately 90% plus clay particles were deposited in quiet

water which was probably fresh. The red color does not denote an abnormally

high content. of iron but rather that the iron present is in ferric compounds

such as hematite and not in ferrous comppunds. Montmorillonite is the chief

ingredient in bentonite, the main uses of which are due to its ability to

absorb water and swell to eight times its own volume. Another type of ben-

tonite absorbs water and slakes without swelling much. This is the way the

red shale from Basalt Explorer reacts. Moderate swelling because of the

montmorillonite content plus the presence of thicker and probably =ore Lb-

sorbent bentonite layers below the cored interval at about 4565 feet,prevented

electric logging the lover pert of the well.
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Residual clays such as were found in the red shale are near the final

decomposition products of crystalline rock. When they are transported and

deposited as shale the average proportion is one-third clay and two-thirds

silt (Pettijohn, 1957, p. 343). Certain minerals form in place after deposi-

tion. Chlorite is such&a authigenic, or secondary, mineral. A variety of

chlorite, prochlorite, was identified from the red shale.

Several samples of the shale core were examined for microfossil con-

tent to determine the geologic time of its deposition. No fossils were

found which strengthens the probability that the shale is of continental

rather than marine origin. Montmorillonite is likely to be rare in Paleozoic

sediments and common in post Paleozoic fine grained rocks (Pettijohn, 1957,

p. 137). The red shale could be Mesozoic in age but may be considerably

younger &nd was probably deposited during the Tertiary, just prior to the

extrusion of the Columbia River Basalt.

Odessa Sand

Immediately beneath the Irby shale, and a continuation of the previously

unknown sedimentary interval, is some 90 plus feet of unconsolidated sand

which has been tentatively named the Odessa sand. The upper contact with

the Irby shale is between the depths of 4570 feet and 4580 feet and the lower

contact with intrusive rock is probably at the depth 4667 feet. The physical

description of the sand is very similar to the sand above the Irby shale and

is generally described as fair to poorly sorted quartzose subangular grains

up to one millimeter in diameter. Most of the grains have a rounded outline,

but most have fresh conchoidal fracture surfaces, arad none appear wall worn

or frosted. A few of the grains are very angular. All of them are either

colorless or milky. The sand above the Irby shale Is probably part of the

Odessa send as shown in the diagram on PLATE 3..
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Trhe Odessa sand contains conziderable ieldspca:, but grain size, color

and shspe are so neerly like the quazt: grazn3 that a visur.l estim-te of the

felds-er content could not ba gi.'en. Ii the Odessa sand had 25 or more

feldspar content it might be called ark-se. The petrogeneci8 of the Odessa

sand is not clear but it is not thought to be arkose since it is too well

sorted and mature.

The Odessa sand and the overlying sedictnts follow the pattern of

sediments deposited by a transgressing and regressing sea (see PLATE 3).

The sand was probably the product of a transgressing basin-size sea of

fresh vater.

According to the ideal transgressing pattern there should be a gradation

upward from very coarse or conglcmeratc .to very fine grains in the Odessa

sand. The Odessa sand follows the ideal pattern only to a limited extent.

It does not include grains over one millimeter in diacetez and is poorly

sorted below that size. -However, in general aspect, the sand seems tto grade

~~upuird from medium grain, to ccarse plus medium grain, to medium grain, to

coarse plus medium grain. Many variations are possible from the ideal, or

theoretical, pattern from temporary fluctuations of sea level.

Follcwing the deposition of the Odessa sand in shallow water the depth

-increased and the Irby shale was deposited in relatively deep quiet water.

During the deposition of the Irby shale there were occasional undersea

currents, probably concurrent with flooding on the adjacent land, which left

zones in the shale containing sand grains. The cand above the Irby shale

indicates that regression of the sea follcved next. The succeeding tice

interval nay have been charactcriz--d by brotd shallow le':^s which received

firne.grain clastie material and volcanic dust at times. The sporedic cxtru-

sion of the Columbir River Barelt, with which the scdi-mnts ScCm irnter'Cdded,

began durine this tiv~e. EcMora the bzsalt extrusion bectac dc ntrat it
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PLATE 3 Diagramatic idealized cross section showing probable history

of the principal sediments found in Basalt Explorer. As diagramed, the
sediments below line A-B were deposited by a sea rising toward the left,
those above line A-B to the basalt by a rccceding sea. The location of

Basalt Explorcr would bc in the vicinity of C. No vertical or horizontal.
scale used.
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seecs to have ceased for a short time. During this tine there was probably

a large lake in the basin in which was deposited the diatomaceous slightly

calcareous shale found between 4170 feet end 4200 feet in the Explorer well.

After this the extrusion of the Columbia River Basalt became dominant. There -

were probably a few short quiescent times, especially during Wenas time,
* /

when sedimentary processes could take effect but sample evidence is lacking.

Felsic Crystalline Rock

Crystalline rock was encountered at 4667 feet in the Explorer well.

The crystalline rock is a quartz porphyry felsic or acid rock in contrast

to the Columbia River Basalt and was probably intruded. No intermediate

or metamorphic rocks were indicated between the Odessa sand and the crystalline

rock. We can be ieasobably sure the intrusion pre-dates the overlying sedi--

ments, and that it probably dates from the Mesozoic Era or the Tertiary

Period in conformity with most crystalline rocks in eastern Washington.
C

The crystalline rock was core'd from 4667 feet to 46S2.5 feet, the final

depth of the Explorer well. Thin sections have been made from the core and

it has been identified as a microgranite or a porphyritic quartz monzonite.

This indicates that the core is from what could be a limited sill or dike,

and the sedimentary section may be more extensive than has been proven.

Crystalline rocks to the north of the wellsite, generally north of the

Columbia River, are coarse textured granitic types (Culver, 1936, pp. 36, 46)

and other batholithic types which might be termed a basement complex. Rock

in this area which perhaps most nearly resembles that beneath the Odessa

sand is a 1gtite porphyry, the extrusive equivalent of nonzonite, in the

Republic area.

A temperature of 138' F.. was measured at about 4550 feet when the

* lel:tric Log 'as maee. The &vetrge Seotherxal gradient is ;.bout I incrust
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over the mean annual temperature for every 50 feet of depth. At Odesse,

Washington, the mean annual temperature is 49-, and 138 would be an increase

of 1 for every 51 feet. Since increases in the geothermal gradient have

been attributed to the proximity of intrusive masses, -mong other things,

(Uren, 1953, p. 13), this mky be evidence that the intrusive rock is a

limited sill or dike.

Sample Descriptions

Samples of drill cuttings were taken at five or ten foot intervals

from below the surface casing to total depth. During the air drilling

phase, the flow line was tapped and part of the returning foam was diverted

into a baffle box to settle the cuttings from which samples were collected.

During the mud drilling phase the flow line was emptied into a wooden

settling trough which was emptied periodically and sample cuttinEs removed.

All samples were examined under a ten power microscope.

The following descriptions are for drill samples from near the base of

the basalt to the total depth and for the side wall core samples. A co=-

plete set of samples is available for inspection and a written description

and lithologic log are available upon request.

Surface to 100 feet not sampled--surface casing.

100-4130 Sample descriptions available upon request.

4130-4160 Basalt, medium to dark gray, very fine crystalline to dense, with

a trace of calcite, amber, translucent, showing cleayage faces.

4160-4165 No samples returned;

4165-4170 Basalt as above with a trece of white calcite.

417Q-4175 As above with a trace of diatomlte, pale green.

4175-4206 Basalt,, dark gray, dEnc, vcry firs2 cr~rtzllinv, with tuiblls

which indicate poseible dark gray shale or mudstbne interbeds.
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g

4200-4270 Basalt, as above.

4270-4340 Basalt, as above to medium gray.

4340-4360 Basalt, as above, with dark to nedium gray shale interbeds.

4360-4370 SI-ale, as above.

4370-4410 Basalt, dark gray, dense, with 307. glass and/or quartz grains,

angular, unconsolidated, with a trace of basalt, brown, very

fine crystalline, dull luster, and a thin possible shale, dark

_ gray.

4410-4430 Basalt, as above, with no shale indications.

4430-4465 Basalt, dark to medium gray, very fine crystalline to dense

; - : with a trace of basalt, medium brown and rust and up-to 107

: unconsolidated coarse subangular sand grains.

4465-4495 Sand grains, coarse suLangular unconsolidated.

4495-4499 Sand grains, white, coarse, unconsolidated, with a trace of

rust shale.
t. 4

(Core No. 1 4499-4513)

Irbv Shale (4499-4575)

4499-4513 Shale, rust, very clayey, .ith trace of subangulair quartz graii

- . hAcklpv ro narallel hpddina- occasionallv mottled vreen and wii

is,

.th

4513-4565

4565-4575

a few 1/60' green bentor.ite parallel interbeds.

Shale, as above, with traces of shale, medium brown, with pink

and pale green cuttings which are probably bentonite.

As above with an increase of pale green bentonite plus 15% basalt,

dark gray, dense; and coarse subcngular quartz grains.

Odessa Sand (4575-4667)

4575-4600 Sand, coarse to medium £rain, subanguler, quartzose, unconsoli-

dated, fair sorting, with a trace of calcite.

46C0- 4540 As above, grades to G2d; grain.

4640-4:650 As above, coarse to ed u= gr.ain.
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4650-4660 As above, medium grain.

4660-4667 As above plus possible feldspar.

(Core tNo. 2 4667-4682.5)

4667-4682.5 Crystalline rock, medium gray, visible biotite less than 5%,

occasionally rust colored, texture occasionally near aphanitic,

moderate amount of vertical fractures.

4682.5 Total depth.

Side Wall Cores

664 Basalt, dark gray, very vesicular, some interconnection of vesicles,

witb large (probably several inches) very weathered pale green

serpentine inclusions, and one rust colored weathered portion which

is very pasty and measures one-half inch, core was water wet.

693 Basalt, rust, very weathered, soft, water wet.

940 Ma.gnetite, dull black, very sharply angular, eub-metallic luster,
-,

grains to one-quarter inch, in a medium gray very soft fine grairned

matrix.

985. .Basalt, dark gray, very dense, with 35% large vesicles lined with

serpentine,.onerfifth of core recovered.

1040 No recovery, core bullet shattered.

-4400 -'Shale or siltstone, medium brown, micaceois, grains too small to

identify, light brown to white indistinct cross beds.

4420 'Shale, medium brown, micaceous, with 107. fine white quartz grains,

very soft, bedding indistinct.

4491 Diatomite? Tuff? Light gray, with 857. very fine to coarse, white,

subangular Hartz grains.

4501 As above.

4525.5 As above.
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TESTS

the Odessa sand had a slight yellow fluorescence when viewed under

ultra-violet light. Fluorescent cuttings are ordinarily separated and

treated with a solvent which intensifies the fluorescence if oil is con-

* tained in the pore spaces. The Odessa sand could not be treated this way

since it is unconsolidated and individual grains had been washed in the

drilling mud; The liquid from wet samples of the Odessa sand was placed

under the ultraviolet light and found to have a slightly yellow fluorescent

film. Soft paper would absorb some of the material from wet samples and

leave fluorescent spots. The fluorescence is not thought to be contamina-

tion since previous samples had been tested the same way without obtaining

the same results, and no unusual contaminating source could be found.

The Halliburton drill stem tests were attempted because of the fluores-

cence to get formation fluid samples and indications of the porosity and

permeability of the Odessa sand. Neither test was completely successful.

On the first test the packer was set in shale and failed to seat, allowing

drilling fluid to drop past it and enter the dry drill pipe. On the second

attempt the test was normal until the tool openings plugged with sawdust,

even though they had been reamed out in anticipation of that happening. In

35.minutes 480 feet of drilling fluid entered the drill pipe. Had all of

the drilling fluid below the packer been able to enter the pipe there would

have been 800 feet of it and then whatever was pushing it could have entered

the pipe. Pressure gauges failed to record the static formation pressure

before the tool was opened. Though the tool was probably getting progres-

sively more plugged during the 35 minutes it was- open, pressure of fluid

entering the pipe may have been increasing as indicated by a rise frowx

.236 psi to Z38 psi. Static pressure of the formationf measured after the



0-200

tool vas closed increased in increments averaging 32 psi at 6.4 minute

intervals from 205 psi to 527 psi.' We can be reasonably certain then

that the Odessa sand is permeable to sore extent but no sample of its

content was obtained.

An electrical survey was made of the bore hole in an attempt to get

more information on the possible oil show in the Odessa sand. Because

the Irby shale swelled and closed the hole each time the drill pipe was

removed, the electric log sonde could not get below 4559 feet, about 15

feet above the top of the Odessa sand. An increase in bentonite was noted

in the drill samples between 4565 feet and 4575 feet. Since no difficulty

was experienced with the drill pipe, the swelling zone is probably not

more than two or three feet thick. The electric log could not accomplish

fits main purpose- of surveying the Odessa cand but it may prove valuable in

correlation work.

Copies of the drill stem test reports and the electric log are avail-

able to anyone interested.
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DRILLING BIT PERFORMANCE AND DATA CHART

I .

Development Associates Basalt Explorer No. 1

Sec. 10, T. 21 N, R. 31 E., Lincoln County. Wash. '

TypO No.
Bit Unad

Cost
per lit

Total Cost
P1uO 107.

, Footage
Total

Footage
Max. Min. Ave.

Hours
Actually
Dri11lin

Actual IIours
+ 5 IIours

Per Bit Change
Foot-hours
per Dollar

Bit cost
per foot
per hour

Bit cO
Der foot- -- _M. - -

W7R . 6 3-$229.32
* *. 3-$210.85

RG 2JS 3 1-.1257.98
' .2*-41144.57

$1,452.57

$3,901.83

372 111 14 62 57:00

92:30

87:00

107:30

I 22.28

30.64

* $o.0449

$0.0326

S3.90

$3.501112 328 394 371

GC1J 13 $1031.64 $14l,744.15 2514 319 70 193 390:15 455: 15 77.61 $0.0129 $5.n6

A total of 27 drill bits wans used. Five bits were of other types used only once
*%vArlouo roanons nnd were not included in the above statistic3.

each, or bits which failed for

OBit cost
pOr root = Bit costa
per hour Hours x footaae

Foot-hours _ 1lourn x footage
par dollar Bit costa

I

I I
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DRILLING BIT REC0RD

Basalt Explorer No. 1, Sec. 10, T. 21 No R. 31 E, Lincoln County, Washington

CONDITION___
Bit
M^ .

Depth
O11t

Cones
Frozen

Coneo Cones

:;=t

1*
A.

3
ba

5
6
7

9
J.0
i1
12
13
14
15
16
17
18
19
20
21
22

24
25
*26
27

TYpe

W7R (T)!
RG2JS(B)*

W7M (T)
W7R (T)
W7R (T)
VC3 (B)
W 7R (T)

RG2JS(U)
RG 23$(1)

1J7R (T)
RG 7XJ(D)

YPlIW(T)
RGIJ(B)
RG0IJ (B)

UGIJ(B)
RG I J(")

I'CIW(n)
11G1J(3)
p.GIJ(B)
RCIJ(B)
IG01.3 (1)
RGIJ(B)
. 7n (T)
RGIJ(fl)
RGIJ(B)
RCIJ(3)
OSCJ(T)

Loose Good AnneArnane

96
48 6
557
584
695
798
900
1228
1622
1636
1919
1938
2257
2530
2657
2922
3127
3321
3510
3706
3776
3950
3997
409 7
4284
4499
4667

.1

96
390
71
27

111
103
102
328
394
14

283
19

319
273
127
265
205
194
189
196
70

174
47

100
187
215
168

03
Cut up to make fishing tool

3
3

Good

Reclaimed by manufacturer
3

3
3
3

for failure check

Good
Good

Fair
Cood
Beonrings misning
Good

Good
Bearing missing in 1 cone
Poor

Reclaimed by manufacturer
Reclaimed

1

1
2
1

Reclaimed
I

by manufacturer
1 2
2
3
3
2

1
2

2
bj manufacturer

2
3
3

1
3

Poor.
Cones half worn off
Fair
Fair
Fair

0

for failure check
-for failurc check

for failure check
Fair
Good
Good
Fair
Very good

2
-

Cones bald; bearings seem good.
Hto

. I - - I 'v I 1,0 1 II F2-11-,h 7 7 /All.
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BASALT EXPLORER NO. I

20 SEC. 10, T. 21 N.,R. 31 E.W.M. 20E LINCOLN CO., WASHINGTON

15 * 15

-n -

*R R R R
G G G G Y R R R R RR RR R R R RR 0

. 2 ' WVI V W 2 2 W 7 P G G G G GG G GGW G G G S
J 7 7 7 C 7 J J 7 X H I I I I I I I I I 1 7 1 III C II

OS R R R 0 R S S R J VI J J J J J J J J J JR J J |{o

*A> QIR DRILLING : MUD DRILLING
* 96 FT. 1933 FT. 4682.5 FT.

PLATE 5' DRILL BIT FOOTAGE PER HOUR

TOOTH TYPE SITS: W7R,YPHW, OSCJ a

INSERT TYPE BITS: RG2JS, VCB, RG7XJRGIJ -
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millivolts.

* 3E, SISTIlVITY
ohmrns. 'm2/m1

R ESISTI VITY
ohms.' m2/1n.
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