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INTRCDUCTION

Geographic location

The Development Associstes Basalt Explorer No, 1 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 2s beginning at the northwest

corner of Section 10, thence south a distance of 2662.63 feet zlong the
west line of the section, thence South 82° S1' East a distance of 477 feet.
The well is nearly centered in the North Half of the Northeast Quarter of
the Northwest buarter of the.Northwest Qﬁarter of the Southwest Quarter of
.Section 10, (N/2 NE/ MW/ N/ SW/ Sec. 10). The town of Odessz is 11 miles

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

Geologic Location

The Basalt Explorer well is i; the channeled scabland portion of the
* - Columbia P}ateau Province and is approximately Sb miies south of the nortﬁ
.rim:of this szucer-like basin and 75 miles north of the basin's center.

- The sgrface is generally covered by wind deposited silt which mzy be very

*. thin ;o several }eet thﬁck, but much of it is covered by noihing except.
rouzgh rock‘;;d a2 very thin silty to claye; ;oil weathered frdm the under-~
lying lava rocks, generally referred to 2s the Columbik ﬁi;er Basalt,
Topogrephically the area gently rolls exceét vhere cut by box-like canyons
or coulees. Hence the name, clhanneled scabland, The wellsite is in a
gcebland area whfch supports ==2inly a scanty s;gfbrush cover, >frecipi-
fatiog is light 2nd the basin is sexi-a2vid since it is in the rain shadgy
cre%tpd by the Czscade Mountzins on the west., Moct of the drainzge io

internzl,especially in the sagebruch 2rezs where moisture can readily-
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;m . enter the joints or fractures which are characteristic of basalt, Con-

Tevense

sequently, the density of established surféce drainage channels is
comparatively low, even for.an arid zrea. There are many irregularly
. shaped closed depress;ons‘which support only szgebrush since the soil
is so0 leached, Some of the depressions are filled with small lakes st

- least part of the year.

Purpose

The Basalt Explorer well was drilled to prospect for gas ot oil,
_or locate strata suitable for underground gas storage, No production
was obtained and no stratea were found which would be economically ussble

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 Augusc 12, 1960 and released
December 14, 1960 to be completed a2s a water well, The drilling contractof
was Nichols-M.K. of Boise,Idaho. The contractor used.a Robbins rotary
drill, briefly described later. A 17 lli inch surface hole was drilled

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

waes set at that depth with 4 1/2 cubiec y%rds of concrete. From 96 feet

to 1938 feet a 7 7/; inch hole was drilled with air and fo;m equipment

contracted from Wells Completion, Inc. of Deuver, Colorade., From 1938

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

using circulating mud to rexzove cuttings, . T Co
T™wo 3 1/2 inch cores were cut, one in shele z% 4499 feet zrnd one inm.
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. ~—-4ntrusive rock at 4667 feat (sze Saaple bescriptions). 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 wera 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
je;ded October 30, 1960.

.Driiling the Explorer well provided &n opportunity to test new equip-

‘ment and techniques for drilling in the Columbis River basalts. A Robbins

>t s o - .

'rothry drill which wes specifically éesigned for drilling large diemeter

'relatively shallow holes in hard rock was used, The kelly joint 2nd rotary

;able ;f the.Robbins drill are mounted in a mast on the front of & D-9
Catérpillar tractor. A swivel-travelirg block combination is in the sarme
mast in front of the kell& and is raised and lowered by & sprocket vheel
and chain assembly. The mast.mem£ers serve as tracks for the swivel com-
;bination which moves up a2nd 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
. asseubly e#abies Qost ;f the'yeigh: of the caterpillgr.to be applied to
-the drill biF. The mast holds one 30 foot lengcth of pipe.of the drill
_string which it supports. A 10D foé:-derrick was usad to rack the drill
. plpe. The caterpiller was moved into the 100 foot derQick for drilling.
.and out of it to zllow drill bits to be changed, ﬁoisting pover was
;supplged by & winch and cgnventiopal traveling block. An air compressor
‘1s mounted at the rear of the catefpillar aﬁd shallow holes ;re drilledl
2 ' .with air. This compressor ves used only while drilling the surface pipe
conducto; hoie of the.BasaI:'Ex;lo:eF céll.'

The Robbins drill can apply weight on the crill bit from ihe.start,
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"wheregs, with' a conventional rstary drill, bit loading results only from

the veight of the tools. This edvantzge is gradually lost as the drill
stem becomes heavy enough to supply the needed weight,
"< - Drilling with air as & circulating madium was tried from the surface -
to a depth of 1938 feet where the equipnment could no longer satisfactorily
" overcome the hydrostgtic 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 stendpipe 2t 1000 pounds per square
N~ : inch éere used during the zir drilling phase of the well from 95 feet to
1938 feet, . |
> * Air drilling had the advantages that it could be determined zlmost
1hmediate1y what type of formetiom the bit was drilling, lost circulation
. wes not very evident, end samples and formatfons seem to have been relatively
uncontﬁminated; After converting teo 2 z—ud system, the up-hole mud velocity
was' found to be about one aad one-palf minutes per 100 feet, which délayed
the-;ZQi.sampié: up g; an hﬁdé or mor;. As determigéd.;rom the side wall -
\— : cores (see §amplé Descriééipns), goze soft sedimentary type deposits inter-
| Szaaéaﬂia.thé-baéaii“séziion-éér; not ﬁéteétéa in the rotary drill sawmples.
It was Infefred_ihaﬁ other such deposité were not noted because they.were
dissipated by both'th;-drilling cud end eair.
: Wate; bﬁse b;ntohitic rud wes used throughout the hole below 1938 feet.
Circulation couid not be es:gbiished until szwdust was 2dded to the'driliing
mud 2nd sbout one end one-half days.were lost trying to esteblish circulation.
Dﬁring eir drilling-thebhéle wzg dr2ined of fluids,zand permesble zones vhere
c{rﬁul#tion cight have been lost vere not identiffied. For thst redéon,

the depth of the zone, or zones, vhere mud circuleticn was lost, is not.

x!'m
i1,

khown. They £re probably zbove 900 feet in the well, in the Wenss Baszlt

(sce STRATIGﬁAPHY) éﬁ}ch is vore porous than the basalt below 900 feet,
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Below 1938 feet there was very little non-dri{lling time dve to pcor circu-

lation. The zones of lost circulation were never cocpletely sealed, however,
and mud had to be mixed and sawdust 2dded during avery tour to total depth.
22 Bit pressures of 40 to 50 thousand pourds and rotzting speeds of 40
to 50 revolutions per minute were maint2ined during both the air and mud
driiling 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
o/ 'deflectiQn were noted, :
| During the air drilling phase 1842 feet were drilled in 181.5 houfs,
an average of 10 feet per hour, Duri;g the mud drilling phase 2729 feet
were drilled in 409 h?urs, an average of 6.7 feet per hour., Drilling time
. and footage for the surface hoi; 2and during coring are not included in these
ccmparisons. The drilling time is the actusl hours drilled and doeg not
intlude time used in wmaking pipe connections, changing bits or repajr time,
" The drilling rate with air was 1527 of the rate for mud drilling, and the
N\ . - ' .everage cost per foot with air was 81.37% of the average mud drilling cost.
Factors used in the cost comparison afe those items whicﬁ 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,
wvere not included. Since.drilling costs increese with depth, the inclusion
of fixed chargeé woulé';%bw 2ir drilling to be even more efficient in this

. cese,

. L Recent Exploretion ’
. : The closest recent attempt to drill through the Colucbia kiver Basalt
( .was_ by Standard 0il of Californiz in Benton'County, Washington in 1958,

The Standard weil, ;He Rattlcsnzké hille Uniﬁ-xa. 1, is 10 miles west of



the deplete

d Rattlesnake Hills gas fleld  2nd approxizately 75 miles
southwest of the Basalt Explorer vell.A Standsrd's well was drilled to

a total depth of 10,660 feet, five times &s deep as the field wells in the<
;ame eree, and over twice as deep as the Explorer well, without passing ‘

through the Columbia River Baselt.

STRATIGRAPHY

. The lava flows drilled by the Basalt Explorer well are divisidble
into two units vhich appear to be correlative with the Columbi; 3iver
Basalt, ~An uppeQ porphyritic unit and a lower &and thicker ephanitic
unit may correspond to the Wanas Basalt and the Yakima Basalt respe:;ively,
th; recognized éwo members of the Miocene Columbiaz River Busalit fermation.

. Below the basalt f}ows the Explorer well penetrated through a pre-
viously unknown sedimentary se;tion. This and the lava flows are described
below. The sediments have been tentatively nemed the Irby Shale and the
Odessa Sand, after nearby towns, A distinctive red zone in the Yakira
Basalt has also been given a2 tenteztive name, the Marlin marker, since it

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

The Wenas Basalt

. Thé basalt flows of the upper 910 feet drilled in the Explorer wzll
;re very porphyritic with much secondary mineralization and a high frequency
of rust and red colored westhered zones. They zre distinguished frem the

éubjacent ephanitic basalt flows on the basis of these criteria and may

correlate with the Wenas Basalt meaber of the Colvmbis River Beszlt forzction.

: It'is probsble that there wzre grester time lepses between the indivi.
cual flowe of the Wenas than there were bztween the Yzkima flows. The -

-

Wanes formation reprerents the last steges in the crustal adjustzanls

,

vhich extruded the Coluzbiz River Besalt, end ‘Which seen to heve becoze

intermittent before ceasing.
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During the interfiow times 2erzted surface waters should have
?ad easy access to tne shrinkage fractures wvhich are characteristic
- of basalt., The water facilitated the deterioration and.recombination
. : ;é basaltic mineral# in the upper pzarts of succeeding flows forming
the red zones &nd secondary minerals, |
Another distinguishirg, and also curious,'feature of the Wenas
Basalt in the Explorer well is the presence of zones of a highly'con-
N ) centratéd magnetic mineral identified as megnetite. The entire Wenas
- was found to be unvsually rich in disseminated maénetite when conpared
with the Yakima Basalt, znd beginaing at the depty of about 150 }eet
thin zones comprised almost exclusively.df that minaral were present,
. Magnetite is almost always 2 basic acces;ory aineral in basalt but some-
- thing ezpproaching magrmatic differentation or segregation had to take plece
-~t§'concentrate it and make it 2 primary constituent., Differences int cool-
ing.rstes could possibly account for the magnetite but it could easily be
o * . ‘theorized that a change in the composition of the parent magﬁa of the
Columbia River basalts took place before the extrusion of ths ?enas Basalt,

dxfferentiating it from the Yzkima a'alt.

_ Water bezring zones were found to be _nuxerous in the basalts and seexmed

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

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

ing and plentiful but app:*ently not under wuch pressure. Only once did

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

for 2 few seconds with no jetting gction. The flow could have "been czused

by e ‘surging action in several of the low pressure water zones 2s & resvlt

i .of their equilibriun having been disturbed. . s
: . ' ) o
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Perceability szems to be providzd by the complex and extensive joint
systems in basalt or by broken and wzethered interflew zcnes, A limited

amount of permezbility vas observed in samples with iatzarconnectéd vesicles

vhich were presumably from the upper parts of flows. The obscrved vesiculer

Permeability could not 2ccount for the amount of water found in the Explorer
well but the jcinting seen in surface expcosures could., The rate of wéter
eject}on by tbe air driliing equipaant.of:en increased abruptly after the
%até had been constent 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 2nd each incresse was cumulsztive

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 approxi;a:ely ldb feet .0of the surface during drilling in-

terruptions. :

The Yakima Besalt
Underlying the Wenas Basalt in the Explorer well there is ebout 3550
feet of aphanitic and generélly featureless basalt flows which are here
torrelated with the Yskima Bzsalt. The Yakima is the lower and older unit
ih.ihe-twofold division of the Columbisz River Besalt. There is scme doubt
ebout the iowér boundary vhich is explzined later. The uppeé boundary wes
'ﬁlcced ;t 910 feFt where the basalg beceme very uniform in dark gray color
end veky fire texture ;ith few secondary minerals and much-less ragnetite
than was found in the Wenas Baszlt. These criteriz were nct im:eéiateiy
tecogmized as constituting the Yakice, so it wa2s some time befcre a definite
i#entification ves made. It is row beiieved that 1m§ediaté.identification

can be made with the sbove characteristics and upen the first eppasrance

of blue-grcen colored cmorphovs emrgdules #rd. inclusfens which evercge .

- —— A ——— - e s

e ——————————




R O B & R

about one-twentieth inch across. The blus-zreea mineral appzared frequently

and characteristicsally in the Yakisa |, gencraliy &s a secondery lirfag in

gas vesicles. It somatimes occurred as & s2cond scage in secondery minerali-
zation, beiné underlzin by 2 leyer of_olive—graen enorphous mineral in
vesicles, Both the blue-éreen and the olive-green minerels are sozewhat
reniform or betryoidal and have 2 dull wax-1ike &ppearance, The_distinctioq
between the two d%visi;ns of the Columbia River baesalts at 910 feet way or
may not be genetic. The important factor is that there is a division which
D mey be consistentl} identified and used to g{ve structursal dst;.

The Yakima Basalt as found in Basalt Explorer is ;emarkable in its lack
of variety., Over 3100 feet Sf rock has scarcely eny distinguishing feztures,
It is probzble that the mass of Yakica‘Besalt wzs extruded in & relatively
short geological time, The fléﬁs were proYebly rather thin, perhaps on the
order of 50 feet thick, 2nd nust have coze one upcn the other so rapidly
that preceding flows may not have bsen completely cool. There was litctle
time for weathering processes-to ;ake effect as there was leter with the
Wenas flows, and it might be said that the times rﬁquired for extrusion of
the two could have.been nearly the samé though the Yakima is n;arly.four
tives &s thick as the Wenas,

At 3160 ée;t to.3140 feet in the Yakima there was a brighg red zone of
weathered basazlt which was distinct from anythiﬁg previoﬁsly seen in the
well, especially in the Yakima. In & generally featuréiess s2quence such
es was found, this zone could serve 2s an excellent marker and it is pro-
posed that it be called the Haflin marker. There had been other limited
occurrences of rusty colored weathared baszlts but none 23 uniquz 2s the .

’Harlin marker which could e2sily ts uced as & datua for subsurface strugture

e . . maps {f it is extensive enough. - . .
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The exact lower limit of the Columbie River Bacslt in the Explorer
well could not be dotermined within & mergin of about 100 féet. It is
between the depths of 4350 feet and 4470 feet. By rotary drill sample
1ﬂterpretation the basalt was drilled through at zbout 4470 feet with a

300 foot interval above that depth of interbodded besalt end sedimentary

- rock. The electric log appears to show the bottom of the basalt at =

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, seyéral of thch recovered sedizentary
r;cks. The following discussioa is in the order of the sediments relative
position in the well and not in the order in which they were first noted.

i The drill cuttings sawmple from 4170 feet to 4175 feet concaineé a
trace of pale gfeen diatomite, the siliceous shells of microscopic algae.
The trace was so sm2ll that this information is not very valusble in
itself, The five foot sample was, however, followed'by an interval down
to 4200 feet in which the semples conteined a high percentege of light
brown mudballs from 2 very soft shale.’ The shale i§ slightly calcareous
end, -vhen wet, has a greenish tint indicaFing it érobayly contains some
diatom shells, ’

Five side wel] cores were recovered from between the depths of 44CO
feet and 4525.5 feet. Two were miczceous shale §r siltstone which vere
somewhat plastic, like modeling cley, 2nd hzd indistincet beéd;ng plaanes.
Three were fine to coarSe.white subangul#r guartz greins in & élasgic ql%y-

like light gray metrix vhich ves not definirely identified, The unidenti-

fied metrix in the lstter three coret znd the one et 940 feet £re probably”
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oy glassy volzanic éjecta which hes been devitrified end is in the process of

. being altered to a clay.

Anguler and subanguler grzins similar to the quartz grains in the last
three side wall cores were often encountered btelow 1930 feet where they first
2ppeared. Doubtlessly some of them wvers quartz grains washed out of deposits

.-similar to those in the cores, but most of them were prcbably olivine, The
graihs in general looked like milky or colorless quartz but were not quite
hard enough to be éuartz. When grains were found with green flecks of color

- it vas decided tﬁgt the quartz-like grains were an uvnusual type ;f olivine,

Other semi-indurated sedimentery beds similar to the cor;s described
above were proﬁably penetrated by the ‘hole but because they are so thin and
soft were dissipated in the drilling mud or pulverized in the air drilling

snd consequently they were not detected in the érill cuttings.

IR

o . By drill sample interpretation the final breask through the basalt flows

was at zbout 4465 t. An unconsolidzted sand wzs encountered vhich persisted
¢

to 4439 feet. The sand consisted of quartzose poorly sorted grains up to

'\_, coerse size. Most of the grains have 2 somewhat rounded shape which is in-
dicative of its sediwentary origin. Fracture surfaces which @pear unworn
are abundant and there are some sharply angular grains. Cementing material

appesrs ccmpletelyhlacking which would tend to greatly increase porosity and

perneebility; An average description would be that of an unconsolidated

quartzose sand of subzngular coerse to fine graims,

- o o et

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

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

since the cored material consisted entirely of 14 feet of red shzale,

ry Irdy Shale ' ;

- The shale covred frea 4499 feet to 4513 feet i{s a rust or red color, ks

poorly developed bedding planes ~hich occasionzlly ere parallel but generally
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are hackly, &nd containc zcnas with up to ebout 107 cand grains similar to
those described above, One twa-inch sp2cima2n contains paralléi layers up
to one-sixtieth inch thick of greenish bentonite, Tha -bentonite’s chief
attendsnt weening is in its baing bedded which shows that tha rad shale is
a true though pocr shzle 2nd not a pslesol es was thought by one asuthority,
Aftercoring the 14 feet from 4495 feet to 4513 feet, drilling was re-
suxzed and by sexple éetermination the bottom of the red shale was at ebout
4575 feet,or & ;otal thickness of about 75 feet, An X-ray seectrographic

analysis of specimens of the shale core showed them to be apﬁrdximately one~

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

éroup in a single séecimen, These are eclay wminerals which ere, respectively,
hydrous end anhydrous gluminum silicsate hydroxides, Hontmorillonite sup-~
posedly cherscterizes lagoonal and szlkaline environzents, and kzolinite 2z

fresh water environment. Little reseerch hes been done in this respect and

the informstion is not to be relied upon, especially since it is antradictory

in this case. Little can be deéetmined in this direction except that about
75 feet of approximstely 907 plus clay particles were deposited in quiet
water which was probably fresh. The red color does not denote an abnormzlly
high content of iron but rather that the iron present is in ferric compounds
'such as hematite and not in ferrous cozpounds, Montmorilloaite is the chief
ingrédient in begtonite, the msin uses of which are due to its ability to
absorb water zad svell to eight times its own volume, Aéother type of bteu-
tonite absorbs water end slakes without swelling much., This 4{s the way the
red shale fros Baselt Explorer reacts. Moderate svelling becsuse of the
montmworillonite content plus the presence of thicker end probably more zb-
sorbent bentonite layers.beloc the cored interval,at about 45565 feet.greven:ed

electric logeing the lover pert of the wall,
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Residual clays such &s were found in the red shzle sre near the final

decoumposition products of cryé:alline rock., When they are transported 2ad
deposited as shale the average proportion is one-third cley and two-thirds
811t (Pettijohn, 1957, p. 3%3). Certain minerals form in place after depasi-
. ) tion, Chlorite is suchean euthigenie, or seconda;y, mineral, A varietf of
" chlorite, prochlorite, was identified from the red shale.
Several semples of the shale core were examined for microfossil con-
tent to determine the geologic time of its deposition., No foss;ls were
N . found which strengthens the probability that the shéle is of continental
r#tﬁer then marine origin, ﬁontmorillonite is likely to be rere in Paleoczoic
sedicents znd coxmon in fost'Paleozoic fine grained rocks (éettijohn, 1957,
p. 137). The red shale could be Mesozole in sge but mey be considersbly

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

extrusion of the Columbia River Basalt,

Odessa Sand

-

. Immediatel; baneath the Irby shale, and 2 continuation of the previously
>~ ' unknown sedimentary interval, is some S0 élus feet of unconsolidsted sand
which has been téntatively naned the Odessa tsand, The upper contact with
the Irby shzle is between thg depths of 4570 feet and 4580 feet and the lower
contaét-with intrusive rock is probably at the depth 4667 feet. The physicel
description of the sand is very similar to the sand above.ihe Irby shale and
is generally dascribed as fair to poorly sorted quartzose subznguler greins
up to one m@llimeter in dizxeter. Most of the grains have & rounded outline,
but wost hgée fresh conchoidel fracture surfaces, and none sppear wzll wornm
- -0T frogted. A feg of the greins &res very enguie;. All of thea_are eicher

£§“' . . colorless or milky. The sand above the Irby shzle is probadly pert of Ehg

Odessa send as shown in the disgram cn 'PLATE '3,.
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. The Odessa sand contains considere 2ldzpev, but grafn size, color

and shezpe ere so neerly like the.quar:z gr2in3 that 2 visual 2sticste of the

feldsper content could not b2 given. I1i tha Cdessa ssnd had 25% or more
_feldspar content it wight be czlied zrkose, The petrogececis of the Odessa

ssnd 15 not cleer but it is not thought to be srkose since it is too wall

. sorted and pature.

-

The Odessa sand and the overlying sedicents follow the pattern of

sedicents deposited by a transzressing znd ragressing sea (see PLATE 3).

N . 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 conglcmerstic.to very fine grains in the Odessa
sand, The Odessz sand follows the idezl pattern only to a limited extent,

It does not include grains over one millimeter in dizzetexr &nd is poorly

sorted below that size., “However, in general aspect, the sznd scems (to grade

““upwerd from medium grain, to ccerse ﬁlus eedium groin, to mediua grain, to
coarse plus medium grain. Many variations are possible from the ideal, or '
theoretical, pattern.from texporary fluctuetions of sea level.

Folleowing the depositicn of the Odessa sznd in shallow water the depth

Increesed and the i:by shale was deposited irn reletively deep quiet water.
\

ﬁurinz the depesition of the Irby shele there were occasionai Qndefsea
éufrents, progably concurrent with flooding on the adjaéenf‘la;d, thch left
zoneg in fhe shale containing sznd grains. The caznd gbove the Irby shale

. indicates ihat‘reé;ession of the sea Folloved next. The succeeding tice
intervel may heve-been charazcterizzd by brozd shzllow lskes which received
.finé.grgin clastic zatericl end volcznie dust at times, The sporzdic cxtru-

s . sion of the Coluchiz River Barelt, with which the sodinznts scex intarbedded,

begzn during thic tiwve. Bcfora the tzselt extrusion beceze dezinment 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-D were deposited by a sca rising toward the left,
those above line A-D to the basalt by a recceding sea. The location of
Basalt Explorer would be in the vicinity of C. No vertical or horizontal

scale used.
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e seecs to have ceased for 2 short tize., During this time there wa2s probebly
-8 large lzke in the basin in which was deposited the diatomaceous slightly
calcereous shale found between 4170 feat zad 4200 feet in the Explorer well,
. After this the extrusion of the Columbia River Basalt became dominant. There -

were probably a few short quiescent tizes, especially during Wenzs time,
/

" vhen sedimentary processes could tzke effect but sample evidence {s lacking.

Felsic Crystalline Rock

Crystalline-}ock wes encountered at 4667 feet in the Explo}ar vell,
" The cgystalline rock is a quartz poréhyry’felsic or scid rock in contrast
to the Columbia %iver Basalt and was probably intruded. No intermediate
or metamorphic ré?ks were indicated betyeen the Odezsa sand and the crystzllire

rock. We can be reasohably sure the intrucion pre-dates the overlying sedi- -

- ments, &nd thet it probably dates from the Mesozoic Erz or the Tertiary

Period in conformity with most crystalline rocks in eastern washiﬁgtoﬁ.
L L ¢
The crystalline rock was cored from 4567 feet to 4682.5 feet, the finzl

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 wonzonite.

This indicates that the core is froam what could be 2 limited sill or dike,

and the sedimgnttry secti?n may be more extensive thﬁd has §een proven,
Crystalling rockS.:§ the north of the wefl#ite; gener;ily north of the
Columbiaz River, ere coarse textured granitic types (Culver, 1936, pp. 36, 46)
end other tatholithie types which might be termed a besement c;zplex. Rock
in this aree which perhaps mo'st nearly resembles that beneath the Odessa
sand is a letite porphy;y; the extrusive equiveient of monzonite, in the
Republic area, . . .

e o A ;empé;ature of 138° F. was ceasured zt sbout 4550 feet when the

electric log was made. The everige geotherual gradieant is zbout 1° incruess
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over the me2en znnuzl temperature for every 50 feet of depth, At Odesss,

Washington, the mean z2noual texperature is 45°, and 138° would be an increase

of 1° for every S1 feet. Since increases in the geothermal grédient have

.been attributed to the proximity of intrusive masses, axmong other things,

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

limited sill or dike,

Sample Descriptioas

éamples of drill cuttings were taken at five or ten foottintetvals

from below the surface casing to total depth. During the eir drilling
phase, the flow line was tapped and part of the returning foem was diverted
into a baffle £ox to settle Ehe cuttiqgs from which camples were collected,
During the mud drilling phese the flow line was emptied into 2 wooden
settling trough which was emptied periodically and szmple cuttings removed,
All sznples were examined uander a ten power microscope.

. The fqllowing descriptions are for drill szmples from near th; bace of
the basalt to the total depth and for the side wall core eezmples., A com-
plete set of samples is zveileble for inspection and a written description

and lithologic log are avzilable upon requéest.

.ﬁ . g .o - -

Sur;ace to 100 feet not sampled--surface ccsing.

st cwm o  esen e e w oeem g, * e e m= - -

100-4‘30 Szmple descriptions zvailable upon regquest,

k130-4160 Basalt, medium to dark grzy, very fine crystelline to demse, with

- - - . . - . .

& trace of celcite, zcber, transliucent, showing cleayage faces,

4160-4165 No Ee ples returncd
4‘65 4170 Baszlt es above with & trzce of Ehltc calecite,
4170 4175 As zbove with a trace of diztozite, pele green. ’ .

4125-420C Basalt, ﬂrk gray, densz, very ‘ina cr y'~~1lina, with cuddslls

uhich 1ndiche pooe’ble dex k grey shele oz rudstone intectecs,



4200-46270 Basait, as above. -
4270-4340 Basalt, as above to mediun gray.

4340-4360 Basalt, as above, with dark to nmedium grey shale interbeds,

4360-4370 Skale, as above.

4370-4416 éasalt, dark gray, dense, with 30% glass and/or quartz.grains;
‘ angular, uQc?#salidated,'with & trace of basalt, brown, very
fine ;rystalline, dull luster, and a thin possible shale, dark
=" gray..
4410-4430 Basalt, as above, with no shale indicatiorns,
4430-4465 Basalt, dark to madium gray, very fine crystalline to dense
- oeee with a trac; of basalt, medium brown and rust and up.to 10%
- unconsolidated coarse subangular sand grains.
44?5-4695 Sand grains, coarse sulbangular unconsolidated.
4495-4£499 Sand'grains, white, coarse, unconsolidated, with a trace of

rust shale. ‘
(nge No. 1 4499-4513)
Irby Shale (4499-4575)
4499-4513 Shale, rust, very clayey,.vith trace of subangular quartz grains,
= . hackley to parallel bedding, occasionally mottled green znd with
a few }IQG' green bentonite parellel interbeds.

-

;§i3-4563 éhalg, as above, with traces of shale, medium brown, with pink
. ?nd pale.green cuttings which are probably bentonite,
4565-4575 'Af gbove_;ith an increase of pa2le green bentonite plus 1574 baszle,
&a;k gray, dense; and coerse sudbzngular quartz grains, |

Odessa Sand (4575-4667)

4575-4600 Sand, coarse to medium grain, sutanguler, guartzose, unconsoli-

. ’

dated, fair sorting, with 2 trace of celcite,
46C0-4L540 " As a2bove, grades to zeéiusm grain.

4L640-4650 As zbove, coarse to zodiux grain,
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4650-4660 As above, medium grsin,

G _ : O T -18

4660-6667 As sbove plus possible feldsper,

(Core Yo. 2 4667-4682.5)

4682.5

"4667-4682,5 Crystalline rock, wedium gray, visible biotite less than 5%,

occasionally rust colored, texture occasionally near aphanitic,

moderete zmount of vertical fractures.

Total dapth.

Side Wall Cores

664

693 .

940

985,

1040

4420

4491

4501

£525.5

Besalt, dark gray, very vesicular, some interconnection of vesicles,
with large (probesbly several inches) very weathered pale green
serpentine inclusions, and one rust colored weathzared portion which
is very pasty znd measures one-half inch, core w2s vater wet,
Basalt, ;ust, very weethered, soft, water wet,

Magnetite, dull biack,.very sharply angular, cub-metallic lueter,

. €
grzins to one-quarter inch, in 2 medium gray very soft fine grained

- matrix.

‘Basalt, dark gray, very dence, with 357 lsrge vesicles lined with
serpentine, one-fifth of core recovered,

No recovery, core bullet shattered.

"4400 "7 Shale or siltstone, medfum brown, micaceous, grains too smzll to

{dentify, light brown te vhite indistinct cross beds,

-

""Shale, wmedium browm, micaczous, with 10% fine white quartz greins,

very soft, bedding {ndistinct.
"Distomite? Tuff? Light gray, with SSZ.very fine to coarse, white,

subangular quartz grains, .

~As sbove,

hs zbove,.
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TESTS .
fhe Odessa sand had a slight yellow fluorescence when viewed under
ultra-violet light., Fluorescent cuttings are ordinarily separated end

‘treated with.a.solven: which intensifies the fluorzscence if oil {s 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 dbsorb soce of the mate;ial from wet samples and
leave fluorescent spots, Thé fluorescence is not thoughtto be contamina-
tion since preﬁious sampies had been tested the same way without obtaining

the saxe results, and no unusual contaminating source could be found,

. The Halliburton drill stem tests were ettexzpted beczuse of the fluores-
cence to get formation fluid sanples and indications of the porosity and
per&eability of the Odessa sand, Neither test was completely successful.
On tge f?rst test the packer was set in shale and fsiled to seat, Qllowing
?;illing.fiuid 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 snticipation of that happening. In

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

the drﬁl!ing fluid.below the packer been able to enter the pipe there would
have been 800 feet of it and ;hen whzlever was pushing.it could have entered
the pipe, Pressure gauges failed to record the static formation pressure
§e£ore‘tbe tool wzs opened, Though the tool wa2s probzbly getting progres-

sively rore plugged-duriﬁg the 35 minutes it was-open, pressure of fluid -

entering the pipe may have becen increzsing as indicated by a rise from °

.236 psi to 238 psi. Stetic pressvre of the formationm measured zfter the
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tool was closed increased in increzents averaging 32 peil et 6.4 minute
intervels from 205 pef to 527 psi. We can.be reasonsbly certain then
that the Odessa sand {s permeable to soce extent but no szmple of its
content was obtained,

An electrical Suryqy.uas made of the bore hole in &n 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 bélow 4559 feEt{ about 15
feet a%ove ;h;_top of the Odessa_sand. An increase in bento;ite.vas noted
in the dr%ll samples between 4565 feet and 4575 feet. Since no difficulty
was experienced with the drill pipe, the swelling zoﬂe is probagly not
more thaq two or three feet thick. The electric log could not accomplish
its main purpose of surveying the Odess; cand but it may prove vsluazble in
correlation work.

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

able to enyone interested.
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DRILLING BIT PERFORMANCE AND DATA CHART
Development Aasociantas Basalt Explorar No, 1

Sec, 10, T, 21 N, R, 31 E., Lincoln County, Wash, °

. 4 ' Houra Actual lours Bit cost :
Type  _ No,. Cost Total Coat A Footaga Footage Actually + 5-llours Foot-hours per foot Bit cc
Bit Unod per DBit plus 107 Total Max. Min. Ave, Drilling per Bit Change per Dollar per hour per foot
WiR . 6 .3-$229.32  §1,452,57 372 . 111 14 62‘ 57:00 87:00 . 22,28 . $0.0449 $3.90
- 3-5210.85 .
RG2S 3 1-3}257.98 $3,901,83 1112 ©328 394 371 92:30 107:30 30.64 $0.0326 $3.50
2."$11,ll’a57

rRcwJ 1J $1031.64 314,744,15 2514 319 70 193 390:15 455:15 77.61 $0.0129 $5.06
Notes .

A total of 27 drill bits was used. Five bits were of other typss used only once sach, or bits which failed for
-varlous roasons and ware not included in the above statistics,

Dit cont

per foot = Bit costs

‘per hour

lours x footage

Foot-houra _ llours x footape
par dollar " Bit coats

®
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Basalt Explorer No, 1, Sec. 10, T,

tasiszer
vy

DRILLING BLT RECORD

CONDITTION

21 N, R, 31 E, Lincoln County, Washington

Q

Bit Depth Cones Conaa Cones
Mo, Type Out Feet Frozen Loose Good Appearance

1* WIR (T)* 96 . 96

2 RG2JS(R)* 486 390 3 Good

3 wa (T) 557 71 Cut up to make fishing tool

[ WIR (T) 584 27 3 Good

5 WIR (T) 695 111 3 Good

¢ ve3 (D) 798 103 Reclaimed by menufacturer for failure check

7 WIR (T) 900 102 3 Fair

& RG2JS(D) 1228 328 3 Good

S RG22IS(D) 1622 394 3 Bearfings misoing
10 WIR (T) 1636 14 3 Good

i RG7XJ(D) 1919 283 Reclaimed by monufacturer for failure check :

12 YPUW(T) 1936 19 - Reclaimed by manufacturer £or failurs check

13 RGIJ(B) 2257 319 1 2 ' Good

14 RGLJ(D) 2530 273 1 2 Bearing wissing in 1 cone
15 RGIJ(B) 2657 127 3 Poor

14 RGTJI(D) 2922 265 3 Poor.

17 RGIJ(D) 3127 205 1 2 Cones half worn off
18 RGLIJI(N) k¥ 194 2 1 Fair

19 PGIJ(B) as10 189 1 2 Fair

20 - RGIJ(B) 3700 196 1 2 Fair

21 RGII(B) 3776 70 Reclaimed by wmanufacturer for failure check

22 RGIJ(B) 3950 174 1 2 Fair

] WIR (T) J997 47 3 Good

oh . RGIJ(N) 4097 100 3 Good

25 RGIJ(B) 6284 187 2 1 Falr
26 RGIJ(D) 4499 215 - 3 Very good

27 0SCJ(T) 4667 168 Cones bald; bearings secem good.

T VI, A LHJu-n wvera 7 T/RY
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BASALT EXPLORER NO. |
SEC. 10, T. 21 N.,R. 31 EWM.

— . —
S LINCOLN CQ., WASHINGTON —_
—
] , R|R R
G 6|6 6|Y|R|R|R|R|R|R|R|R[R|R RIR|R|O
2lwlwiw|v|w])2ie|w|7|P|G6|6|6{G|6|G6|6|6|6|6|w|6|G6|6]S
dlzl7l7lelzlolol7 x|l vl jofoizlr{olr]oc
sir|rR|R|B|R]|S|SIR]U|W]o]olU]lu]y JJJlaofluolrjv|v]ul]y
et AIR DRILLING | MUD DRILLING »-
'96 FT. 1933 FT. 4682.5 FT.

PLATE 5* DRILL BIT FOOTAGE PER HOUR
TOOTH TYPE BITS: WTR, YPHW, 0SCJ
INSERT TYPE BITS: RG2JS, VCB, RGTXJ, RGIJ
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