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GﬁOLOGY OF THE USGS AND RAINIER TUNNEL AREAS, NEVADA TEST SITE

By Wallace R. Hansen and Richard W. Lemke
ABSTRACT

The USGS And Rainier Tunnel areas are in thg northwesf part of the
Nevada Test Site. These tunnels-were used for thevpnderground detonation
pf lg:ge high-explosive charges and a relatively low-yield (1,7 kt)
npdlgar device. The Rainier Tunnel area is on the éggt margins an& slope
of RainigrvMesa, whicb is én outlier of the Belted Rangef Ihe USGS»Tunnel
arga'is at ;be foot of a ridgelike salient about 1% to 2%:miles east of
Raipier Mesa.lj

Rocks exposed in thg Raigiér Tunnel area ;nclude limestones of the
Nevada'formation (Devonian), vqlcanic tuffs, welded tuffs apd tuffaceous
sandstones of the Oak‘Spring formation (Terpiﬁry), and alluvium
(Quaternary)u The USGS Tﬁnnel area‘is underlain by the Oak Spring
formation. In the Rainier Tunnel area the Oak Spring formation is divided
into 8 map units, nearly allqu which are rhyolitic or quartz latitié;
only 3 of these units crop out in theAUSGS Tunnel area, but higher and
lower units of the formation occur nearby.

The Nevada Test Site lies within a region that has been subjectea
to two and possibly three or more periods of structural deformation,
Folding and_fagltigg botﬁ:p;epedgd and followed deposition of'the_Oak
Spring.formation,ygndhqccgrred intermittently du:ing”its deposition.
Overwmpgt_of its outcrop area ;heﬁOak Spring fq:pgtigp‘iswggptly folded.
The axes of_seve?al small northeagt-trepdipg'folds pass throgghlthe>Rg§nier
Tunnel area. Within the USGS area the structure is generally. homoclinal,

and the beds dip mostly 5° to 15% east or northeast.



Small normal faults are abundant in the USGS Tunnel area. Most of
the faults fall within two well-defined sets--one set trends northeast,
dips northwest and'is upthrown on the southeast; the other set trends
northwest, dips northeast, aﬁd is upthrown on the southwest. The pattern
of two mutually opposed sets of normal;faults suggeéts a west to eas;
tensional condition in the ea;fh's crust at the time of faulting.

Faults are less abundant at the Rainier Tunnel area than at the
- USGS Tunnel aréa,ibu§ their relations are similar and their érigin
probably is the éame: | |

Joints'are abundant at the USGS Tugnel area and form a well-&efined
pattern sgppargllel fo the faﬁlts. Joints are relatively'fewe;.at the
Rainier Iunnel‘area except in the welded tuffs where they are very
abundant.

On February 2}, 1957, 10 tons of 60 percent dynamite was exploded
in the USG§_Tunnei. Rough estimates indicate’that about 54,000 ;éns of
rock was involved in the lifting, breakage, or frgg;qring that accompanied
the blast, Thg.quantity Qf clqsely broken rdck,»however, W?S_W“Fh gmaller.
Most of thg s_urface breakage foliowed pre-exigting faults, joints, ’or
bedding pldnes. An instant after the shot was detonated, a horizomtally
directed blast of gas, dust and rock emerged at high velocity frqm the
pprtal of the tunnel; the escape of energy from the tunnel was due to
partial destruction of one wall of the shot chamber. |

On April 5, 1957, 50 toms of dynamite was exploded in the USGS Tunnel.
The energy of .this shot wés better contained than that of the 10-ton shot,
and the rock breakage and fragturing were correspondingly greater. About
1% million tons of rock-was.lifted and frachred by th'explosioni' The

quantity of closely broken rock, however, was much less., Again, most of
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the strongest displacements were along pre-existing fractures, but many
fractu:es.were formed within previously sound rock. Within 200 feet of
giound!zero the fracture pattern was radial. BeyondA;hat distance;, most
of thghbreékaég followed pre-ekisping ﬁﬁulgs, joints, or bedding planes,
The @istgrbed_area is rougﬁly triangular in outline, being bounded on
two sides of steep faults and on the third side by the trace of a bedding:
plane. |
In gdditipn to deép f;acturing,_mauy bgulderfgize fragments of“rock
were spalled from the‘faces 9f leﬁges or low cliffs, apparen#iy_owing to
rebound as.the shock wave was reflected from the ground surface. The

largest of these fragments weighed 50 tons or more.
INTRODUCTION

Areas referred to herein as the USGS Tuﬁnel area and the Rainier
Tunnel area are in the northwest part of the Nevada Test Site in the
Tipéipap Spr;ng quaér#ngle‘(fig. 1A). Ihe USGS Tunnel area (fig. 1) is
within grid units 17-18 N., and 74-75 E.; the Rainier Tunnel area (fig. 2)
is mainly wi;hinkgrid units 16-18 N., and 70-73 E. Both sites are reached
from Camp Mgrcury, Nev. over a11-weathef :oads through Frenchman and
Yucca Flats, a mean distance of about 40 miles.

Ihe USGS Tunnel was thg site of 10- and 50-ton undergfound dynamite
explosiogs in the winter and spring pf 1957. The Rainier Tumnel was the
site of the un@erground atomic explogion Qf_September 19, 1957. The
purpose of these tests, in brief, wés to determine the feasibility of
underground detonation as a standard method of testing atomic devices.
These relatively small explqsions (the Rainier device had.a rated energy

yield equivalent to 1.7 kilotons of dyngmite) provided a basis for
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predicting the behayior of larger possible tests in similar rock media.
The purpose of this report is to outline briefly the geologic background
~of these areas, and to describe the surface effects of the high-explosive
tests. The underground effects of the high-explosive tests are described
separately by Cattermole (1958); the geologic gffects of the Réinier
atomic test, which had not yet been performed at the time the following

report was first written, is described separately by Gibbons (1958).

Topography

The USGS Tunnel is on a low south~facing bedrock spur about 300 feet
high at the foot of a higher east-trending ridgelike salient of Rainier
Mesa which is about 2 miles to the wést and is anIOutlier of the Belted
Range. An'alluvium-floored re-entrant into Yucca Flat extends westward
past the USGS Tunnel area toward the Rainier Tunmnel area. The Rainier
Tunnel area is on the east margin and slope of Rainier Mesa 1% to 2% miles
west of the USGS area,

. Total relief in the area is about 2,300 feet; alt;tude ranges from
about 5,300 feet at the alluvial flat below the USGS Tunnel to nearly
7,600 feet at the top of Rainier Mesa. The east slope pf the mesa,
including the tunnel are, is indented by several small canyons or ravines
300 to 400 feet deep.

o
Natural slopes in this area rarely exceed 300. Slopes of 25 , however,

are common, and most slopes attain 20° or more. In many places the rimrock
of the mesa forms sheer cliffs, and slopes just below the rimrock are as
steep locélly as 400, Vertical slope breaks of 10 to 20 feet or so are

common also along some of the more resistant beds that crop out below the

rimrocks.
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Field methods

‘fhe geology of the USGS Tumnel area was mapped by planetab1e>methods
at a_sgale of 50 feet per inch, using a telescopic‘alidade and stadia rod.
The topographic base for the geologié map was prepared by Holmes and
Narvgi, Atomic Energy Commission contractors, with modifications by the
U,.S.‘Geolqgica.lASurvey° The.surfacg fracture pattegnmof the 10~ton
explosion was mappe@ by planetable and alidade at a sgale of 20 feet per
ingh; ;he.fracture pattern»of the 50-ton explosion was sketched on a
planetable bdard at a scale of 50 feet per in;h using a Brunton compass,
U. S. Geological Survey.

The geol&gy of the Raiﬁier Tunnel a;éé was plotted in the field on
air php;ographs_flqwn fog‘thé AtomicmEne;gy Coﬁmission by ?y;onAAéfial
Spryeys, Inc. With thg Samé‘phqtpgraphyg multiplgx @ethpds_wefe thgn'
used to compile the geo}ggy(qnto g‘tppographic;bgge prepared by Hycon.

In consequence of the sugcessfgi Raiﬁier test, further underground
testipg was plan@ed, and the area to the souph of_thg Rainier Tunnel was
selected as the site. Additional geologic information, therefore, was
fequested, and accordingly the area was mapped by Hansen in October 1957
(fig. 24). |

Stratigraphic sections at the USGS area were measured with an Abney
1ev¢1 mounted on a 5-foqt Jacoblétaff; interyals of less than 5 fee; were
measured directly with a steel tape or with a Brunton compass used as a
c‘linomet:.e.r hel@ against the Jacob staff. S?milar methods were used at the .

Rainier area, supplemented by information taken from logs of drill holes.
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STRATIGRAPHY

Rocks exposed in the Nevada Test Site consist of various sedimentary
rocks of Paleozoic age, volcanic andvsedimentary_rdgks of Tertiary age,
and uncqnsolidated‘alluvial and playa deposits of Quaternary age (Johnson
and Hibbard, 1957; p. 333-384). 1In additiom, there are intrusive rocks of
Cretaceous or Tg;;iary age and coptact-metamorphqsed»:ocks of Paleozoic
age, a;though none of these crop out in the areas shown on the

accompanying maps.
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Paleozolc rocks

Nevada formation

Paleozoic rocks of the Test Site range in age from Early Cambrian
to prqbgbly ear}y Permian. According to Johnson andVHibbard (op. cit.)
they have a total thickness of about 22,000 feet of which more than
16,000 feet is limestohg and dolqmite. The remainder is chiefly
quaﬁtzite, shale, and conglomerate. :Paieozoic rocks thét crop Qut in
the Rainier Tunnel arga are‘Devpnian in age and are shown on Johnson
and Hibbard's map (pl. 325 as undifferentiated Devils Gate(?) limestone
and Nevada formatipn. According to the formatiqn descriptions
published by Johnson and Hibbard (1957, p. 354), the rock; within the
Rainier Tunnel area probably‘shbuld be assigned to unit C of the Nevada
formation, This unit consists of dark-gféy to black dense fiﬁely
crystalline thick-bedded massive limestone that contains a few chert
bands and nngles and some interbeds of lighter gray dolomite. Many
of the 1imestone beds contain small rodlike st;omatopofoids, and
some contain larger concentric reniform masses several inches in diameter.

Unit C of the Nevada formation forms rough irregular outcrops that
weather to form ledgy breaks a few feet to a few tens of feet high. It
contrasts markedly in color and physiographic»expression from the beds
of the Oak Spring formatiop_which overlie it unconformably along the

eastern base of Rainier Mesa.
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Tertiafy‘rocks

Oak Spriﬁg formation

The name Oak Spring formation was applied by Johnson and Hibbard
(1957; p. 367) to the predominantly tuffaceous rocks that crop out at
Oak Spring Butte aboﬁt 10 miles northeast of Rainier Mesa. The same
formation underlies the USGS Tuﬁnel area and most of the Rainier
Iuﬁnel area, -At the Rainier‘Tunnel‘area it has been subdivided into
8 separate map units that_can be traced throughout the area and for
considerable distances beyond. In ascending order, these are designated
Tos; to Tosg respectively. Only units TOSZ,‘?OS3, and Tosy, in ascending'
order, crop out in the small USGS Tunnel area, but higher and lowér:units
are recognized nearby. To betterﬂb;ing out the ggologic structure at
the map scale used for the USGS iunnelvarea map (fig;nl), moreover, it
was convenient to subdivide units 2,_3? andné into smaller map units
consisting Qf.several individual beds per unit. Ihe‘following general
descriptions of the Oak Spring formation are based largely on observations
made at the Rainier Tunnel area, but theyvapply‘equally well to the USGS
~ Tunnel area.

At Rainier Mesa the Oak Spring fofﬁéfiah is approximately 1,900 feet
thick. 1In a series of composite §urfaqe sections along the face of the ,
mesa a total‘thickness of about 1,875 fggt was measured. A thickness of
1,896 feeg'wgs qbcaingd from the Hagestad drill hole, drilled on top of
the mesa just §oqthwest of the Rainier Tunnel area. As the top of the
formatipn at Rainier Mesa is a'stripped erogion surface, thg full thickness

of the formation undoubtedly exceeds 1,900 feet. At Oak Spring Butte,
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Johnson and Hibbard (1957, p. 359) measured about 2,000 feet of section,
and they reported even thicker sections west of Frenchman Flat.
Textqrally, the tuffs of thé Oék Spfing formation range widely from

exceedingly fine-grained rocks'to'coaféeklapilii tﬁffs,'tuff-breccias, |
and aggloﬁerates, Fragments of ;qbular-pumice and foreign:inclusions
are'common, in fact some beds consist largely of pumice fragments. .
Whgre small foreign fragments, such as quartzite, are abundant, the -

/réék is referred to in ‘measured sections and core logs as tuffaceous -

;'grit. Hafd flinclike. fock<is_refer?ed to as po;cellani;e. “The
porcellanites, however, are largely surface or near-surface features.
They'are‘cemgnted by a zeolitic matrixfthat is very haré §n the‘outcrop :
but is very soft underground.

Tabig_l (see appendix) is a gémpqSite strafigraphic s?ction of

rocks eXP?Sed'at the USGS Tunﬁel aréa.'-Table 4 is a similar section of .
the formation exposed near the Rainier Tunﬁe1.> The portal of the USGS
Tunnel is collared in bed 20 of téble 1. This_Bgd, therefore, has béen
referred to as the "portal bed."“ As it is an excellgnt“hqrizon'ma;ker‘A
and can be traced from the USG_S' area to the Rainier area and beyond, its
top waslselgcted as the horizon for the structure contouring of:the
Rainier area, figure 4. (Bed 20 of table 1 is bed 27 of table o)

o At‘Rainier Mesa, unit Tosl'consists of‘nonwelded bedded tuffs
totalling about 210 feet thick. Most beds are purplish red to pinkish
:ed, f;ne g;giﬁed, and siliceous, Excépt ﬁof resistant beds at the top -

and base, most beds are poor ledge formers, Altered pumice, ash shards,

subangular quartzite fragments, and blebs of limonite are abundant lo;ally

in most beds. Quartz,\feldéﬁér,*and biotite form abundant phenocrysts in
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a comﬁoﬂly silicified groundmass. A basailéong'lomerate9 aé much as 5 feet
thick; locally forms the basé of the unit. It consists essentially of
subangulér-fragments of light blue limestone, argillite,'énd quartz mostly
less than one ihch long, AA prominént‘ledge-forming tuff 15 feet thick,
overlying the conglomerate, weathers to distinctive pale réddiéh purple
aggregates less thaﬁ a quarter of an inch in Aiameter. |

Unit Tos consists of nonwelded bedded tuffs to tuffaceous sandstone

2
totalling about 120 feet thick. - Most beds are light gray ﬁo buff, but
pink‘red,'apd reddish purple bedshahd stringers are fairly common. fﬁe
overall_colqr contrasts ma;kedly with that of the units below énd_abéve.
Individual beds commonly range from 3‘fegﬁ t§’1§ feet in thigknesg,Aére-
fine- to goafse-grgingd, aqq wellilgmingteg tglmagsive. Most beds form
fgiriy distinct }edgeg. ”Rpmice, aghughgrds? apdﬁguartzitg £r§gments are
spérgg to;moégratg}Y.abgndapt.‘-ng:tg apd“fe1dspaF crystals are the most

‘abundaﬁt phgnogrys;q,gnd biotiteAapd an opague»oxide next mostwgbundgnt.“‘
Seye:al;beds contain géfﬁigient dgtrital quartz to be clas§ed gs_;uffacgous
;ands;ongé; most are thinlyﬂlamingted‘apd exh;bit some crgsgpgdding, Thg_
most_prpmipenﬁ tuffaceouéjgapéstone is a ﬁed'abou; 35 feet thick that forms
the uppermos;”bgd_of.the unit, It»is!locally‘conglomeratic with glassy
fraémepts less thap one inch invlongest dimension.

Unit Tos, consists of nonwelded beds of tuff except for a small lens

3
of welded tuff (denoted as wt on the map) in the_egt;eme nortbe;n edge
of the mapped area. The thickness of the unit is about 100 feet.

Most of the nénwelded beds in the unit are pink, red, purple, light

gray; or buff. Beds rangé from 12 to 35 feet in thickness.
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‘The basal_bed of the unit (bed 14 of the USGS area; bed 24 of the
Rainier area) is dark brick red and forms a distinctdve blocky outerop.
Most are fairly massive, medium to coarse grained and are good ledge .
formers. The uppermost bed (bed 20 of the USGS area), which is about
35 feet thick and pink to red, 13 known as the portal bedf

Pumice fragments are abundant in mostvbeds and are as much as é'
-inches long in the basal part of the portal bed Ash shards and
' quartzlte fragments are scattered throughout some beds and black
obsidian fragments, rimmed with white halos, are common in the portal
bed. Phenocrysts of'que;tz, feldspar, biotite, and an opaque oxide
are present in most beds.

.?heliens‘pf rhyolitie we}ded ;uff_in‘pni;>Ioe3 has a maximum egpoeed
Athickness of approximately 15 fee;f Ithdoes not occur at the USGS area,'_j
It is_pele_pupplisbyred,”depse,mend hard? and conteine_seabtered flettened
cavi;ies mbstly 1ess than belf'an inch long. Iblcontains many phenocryete
of quertz'and alkali feldsper and scattered phepoerysts of biotite and a
ifew red crys;éls (rdsted olivine?). Elongate masses of que;tz'and feldspar
in the tuff‘appear to be possibly deyibrified collepsed pdpice. Other
masses o£ brown mate;iai look }ike»devitrified glass of poseibly andeeite
‘composition. The groundmass coneists of compacted and devitrified dusty
shards. | |

A Unit Tos4 consists qf nonwelded beds of}tuff ;ota}ling about 285 feet
thick. Most beds are light gray to“bgff; but pink beds or pink mottling
ie‘feirly common, whereas a few bede are yel}owish green. The bede are
commonly 2 to 15 ?eet thick, fine to_gediumAgrained apd are Well laminated
to fairly massive. Yellowisb_greed poreellanitic bede,”aAfew inches to

several feet thick, form hard, dense ledges and most other beds crop out
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cdnspicuously. Pumice (commonly devitrified) and ash shards -

are moderately abundant and quartzite and obsidian fragments are locally
numerous. Phenocrysts consist chiefly of feldspar, quartz, Siotite, and
an qpaqug oxide. Bed 43 of fbe“Rainier area (tab}e_&), which is about

35 feet thick and whose tdp.is about 50 feet below the top of the unit,
is a distinctive marker bed. It is pink (mottled with white) to red,
soft, lightwelght, and contains abundant white pumice fragments commonly -
palf-an_inch 19ng bptvas mggb as 1% inches in length. It is correlative
with Bed 24b of the'USGS area.

Ugit Iqss consists of.nonwglded_bgds of pumiceous tuff ranging from
about 100 to 125 feet in total _thickﬁess. A'nbuncqnform‘i'}:y at its top
(fig7“3?.1ike1y accounfs for the range in ;hickpgssf‘ Thg tuffs.gre fing
to coarse grained and well.bédded; individual(laminatigns are commonly a
few'inghes to 4 feet thick, The beds are mostly yellowish green, greenish
g¥ay, or greenish brown, and they form a distinctive color band on the
hillside. They are generally of light weight and are poor to moderately
good ledge formers. Tubular pumice fragments are abundant in most beds,
and some more resistant bands about 0.5 foot thick contain scattered to
numerous fragments of quartzite and voicanic rocks, Obsidian and perlite
fragments are commén also. Much of the basal bed has a sugary texture
probably caused by ﬁartial devitrification ;f the pumice fragments.
Phenocrysts are generally small and scattered and consist chiefly of
fe}dspar‘and quartz and minor bidtite. A few black mafic grains are
scattered throughout the beds.

Unit Tosg is a lenticular body of rhyolitic welded tuff exposed on

the east slope of Rainier Mesa. It is exposed along an outcrop length
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of about 1,300 fget centering at "Cat Hill" (see fig. 2) from which it
extends to the south and to the north. Its greatest .exposed thickness,
about 125 feet, is just north of "Ca; Hill." The roek-is hard and dense,
gpd stgp@s in nearly vertical ledges. It is mostly olive brown where
ffegh_apdmis purplish red or pink whgre oxidized., It contains scattered
‘phenqcryspsbof quartz‘agd‘saniAine, spare biotite and clumps of opaque:
Qxidg,_lgnse§ of collapsed zeolitized pumicé, in a groundmass of compacted
devit;ified shards, Partly filled elongated cavities and dark coarsely
devitrified zones 2 to 3 inches long and a quartér to half an inch across
glve the rock a striking distinctive.appearance; Inclusions of foreign
material are common. ' Some of these aré‘several inches across,.although
most of them are much smaller. They consist chiefly of volcanic rock
£ragments but includg a few f;agments of granitic material, quartzite,

and other ropk types. In most places 2 to 3 feet of dark gray to olive'>
brown pefli;e or pitchstone occurs at the base. Just north of "Cat Hill"
the 1owgr_$evera1 fegt is-st?ongly”brgcciated and is recemented by mil?y o
white Qpal. A generally present_basal 90pglomera;e,‘locally as much as

5 feet‘ thig:k_,hconsists chiefly of_ qtiart_zite and volcanic rock fragiﬁents
but also conta;ns'a few pebbles of gr;nitic material,:

Unit Tos_ consists of highly variable nonwelded light gray and light

7
brown bedded tuffs totalling about 720 feet thick. It appears to be
unconformable on units Tos6 and Tos5 below. Most beds are very granular
and, except for about the basal 180 feet and the upper 50 feet, are very
friable. As a rgsult, exposures are few, especially in the middle part
of the unit; in some places overburden is as much as 60 feet thick.

Most of the granules consist of sand-size quartz and feldspar. Biotite

is common and quartzite fragments are common locally. The basal 50 feet
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and the top 35.feet contain abﬁndant pumice fragments. The upper 35
féet is related genetically to the oveflying welded tuff of unit Tos8
and grade imperceptibly into it through a transition zone about 4 feet
thick.

Unit Tosg, about 270 feet thick, forms the caprock of Rainier Mesa
and the high spur just northwest of the USGS‘Tunnel area. It consists
chiefly of welded_tuffs in‘twowdistinct ash flows emplaced probably in
two separétg volcanic eruptibns} The.lower ash flow is chiefly rhyolite; -
the upper is chiefly quartz latite. At the base the lower welded tuff
grades downward through a_zbng‘sévgral feet thick into qoarse-textgred
very pumiceous éorousvnonwelded‘tuff or pumicite. The upper welded
tuff g;ades upward into porousvponweldgd tuff. The“two_ash‘f10w§ that.
comprise #he unit gre_distinguished read;ly at a distance by a dark-
colored bandvof yitrophyric»welded tuff about 10 to 15 feet‘thick aboye
the base of thé upper flow and by differing grqsiqnalyfo;ms. Viewed at
closg range, however, the actual contact between flgws is difficult to
find.

Thin se;tiops of represen;ative core samples of unit Tosg were
stgd;ed by Ray E. Wilcox,.and a cdmplete desgription of these is Planned
for a future publication. 'In the most general terms, the sections show
a‘Qegse groundmass_of tightly packed shards and_cqllapged pumice
characterized by irregularuspherglitic.dgvitrification. Near the top of
the welded tuff there are streaky bands of obsidian containing many
opaque micrqlites, Pa:tly filled elongated cayitiesmare apundént.at
some levels. In contrast with the_welded tuffs of unit Tos', those of

unit Tos, contain abundant phenocrysts and very few large foreign

8
inclusions. Euhedral and fragmental phenocrysts of feldspar and quartz
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are abundant; biogitg, clinopyroxene, %nd an opaque oxide are sparse,
The feldspar ranges.from sanidine at the alkali end';o oligoclase,
andesine, and iabradorite. The groundmass of the overlying nonwelded {
part of the upper agh.flow is nét compacted, it qonéists mostly of
devitriﬁied“shards'and pumice, and contains fewer phenocrysts than.tﬁe L”
underlying welded tuff, |
The-tuff§ at the USGS Tunnel aréaxare a11_incLuded,in Qﬁits Tos,,
Tosgy, andﬂTosQ;_ All arve rﬁyoliticgor quartz-latitic except possiblj |
beds 2&? and 24h, which on ﬁhe basig of their phenocrysts may be
dacitic. .Most_bedsucontginupumice and ash shards, and about half the
beds contain quidian fragmgnts,' A¢¢ord;ng to Ray E. Wilcbx (personal
cgmﬁunécatign, 1957) the fragmegts were initially gléssy and subsequently
have been devitrified or otherwisg.alge;ed throughout except fo:lghe
interiors of séme of the dense'pbgidiap,. A predopinatipé gltgration~
p?oducf is a zeoli;eiikeA silicafricﬁ hgulgnﬁi;eiwbich acts as a gementing
material between shardsvand other f:agments.and also lines cavities, Of
thg fprgignwf;agpentsg supﬁngu}ar to subroundgd_g:ay';o d;ak-yrowp
quartzose mater;al pr_edominatés ;- granitic, gmeissic, schistose frag:nenté
and older volcanic fragments_ocgur_in subo:d}nate amounts.

Phgnocryéts of quartz and alkali'feldspar are épagselto abundant.
Wilcox's studies indicate that the alkali feldspar is a.soda-sanidine
that probably corresponds to the soda-orthoclase of the welded tuffs.'
that cap Rainier Mesa. ?heﬁocrysts of'plégioclagg (lgygelyuoligqglg§e'
or oligoclase:andesigg) gre“geqera}ly less abupdant ﬁhan.guartz o?'saniding
but are present in all‘but.g fgw bedsfw A;tered”biptipe and an opaque gxide
(pgobably_magnetite)mwere po;gdiin over Palf ;he“beds, w?hen_p_crysts wa )

green hornblende were found in a few of the upper beds and rare crystals’
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of pyroxene were notéd in three beds. Sparse crystals of titamnite(?)
were found in beds 23-1 and 23h.
Semiquantitative‘spegtrographic'analyseé, rapid rock analyses, and
specific gravity determinations were made Qf samples from.beds 19b, 20,
22e, 24f. (See tables 2 and 3 in appgndix.) These analyses show that -
there is only a small range in chemical composition between the beds that
were'sampled,‘ of thg major qxides,‘SiOé ranggs'from 65 to 71.5 percent;
Al,03 ranges from 11.4 to 13.4 percent; K,0 ranges from 1.5 to 4.4
percgnt;_CaO‘ranges f;om 0.63 to 3f7 percent; and Na,0 ranges from.1,4
to 2.1 percent, Oxides of iron, magnesium, titanium, phosphorus, and
manganese are mingr ;onstigugnts. Minor amounts of titanium,'yaﬁ-
‘ganese, barium, be;:ylligm,(chromium, copper, galliun&_lanthénumg nickel,
1ead, sgagdium, s#;ontium, yttrium, ytterbium, and zirconium were

dete¢ted spactrographically.,

Quaternary alluvium

Alluvium derived from the Nevada limestome and the.QakuSpring..
formgtidn‘hgs been dgpqsitgd along a fewnsggllmtripp§a;ie$ in the mapped
area, It is mostly sand-size to cobble-size material although some
silt- and bohldgrfsige material is present, It ranges in thickness from

a thin veneer to several feet.
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GEOLOGIC STRUCTURE

General features .

The FrenchmaneYucca Flats area of the Nevada Test Sitevliés within
a region that has begn subjected to two and possibly tbree or more periods
of structural deformation. Stfongly deformed Paleozoic rocks afe overlain
unconformably by gently folded Tertiary roc#s of the Oak Spring formation..
Folding and faulging both preceded and followed deposition of the Oak
Spring formation, and occurred intermittently during its deposition,
Unconformities occur within the Oak Spring formation at the tops of units
Toss: and Tosé, and probably at ;he'bage of the uppermost be§ of unit To§7.

'Frenchman and Yucca Flats are interior-drainage basins, or bolséns,
typical of the Basin and‘Rgnge province of Nevada, Both basins are
underlain centrally by broad flat blankets of alluyiun that rise gently -
toward the flanks of the enclosing hills where they merge with sloping
coalesced a11u§ia1 fans. Here aﬁd there at the foot of the hills? small
piedmont scarps»in the alluvium mark recently active basin faults.
Several of these faults southeast of Frenchman Flat are visible from the
© Mercury highwgy, especially in the late afte;noon when the sun is 1ow.
In Yucca Flat, a largé recently active fault, named the.Yucqa fault by
Johnson and Hibbard (1957, pl, 32), extends nprﬁh to south across the
flat from Oak Spring Butte tb Yucca Pass~-a distance of more than 20
miles.  To the north the Yucca fault joips other major faults that
extend north beyond Fhe lim@ts of ;he“Iest'S;te.A'

The hills bordering Yucca Flat are themselves much faulted; those
to the east 6f the“flat are more so thaﬁ those to the west. The USGS

and Rainier Tunnels, at the northwest side of Yucca Flat, are within
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the less faulted part of the area. Even so, small faults are common

and sizeable ones are present,

Structure of the USGS Tumnel area

.Rocks exbosed in the USGS Tunnel area (fig. 1) are part of the Oak
Spring formation. Paleozoic focks crob out nearby, but within thefmap‘
area they are concealed by about 300 to 450 fegt of‘nénwelded tuffs of
the Oak Spring f&rmaﬁion. Ihe_Oak pring fofmation-rests on the upturned
vedgeSfof“the'Paleozoic rocks with anAangular unconformity'that'is very
pronounced in most places and has considerable.local'relief. The
unconformity is well exposed near the Réinier Tunnel where shallow
channels in the top of the faleozoic limestone are filled with conglom~

erate in the base of the Oak Spring.
Folds

Over moSf of its outérop area the.Oak Spring forma;ion is gently-
folded into shallow anticlines‘and synclineég In the area‘surroundipg
the USGS Tunnel these fpldé trend generally to the northeast; the axes
of several such folds pass through the Rainier Site, Within the USGS
area, the structure is generally homoclinal, A short distance to the
north the axis of avsizeable anticline trends about east-northeast and
plunges gently eést;ward9 aﬁd to the east the axis of a minor syncline ‘
trends generally south. Between these fold axes, within the USGS site,
the beds.&ip mostly to the east or northeast at angles of 5o to ;50;
local departures from this general_attitude are common, especially near

and along faults (fig, 1),
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Faults

Small normal faults, with vertical displacements éf a few inches to
50 or 60 feet, are abundant in the USGS Tumnel area, Room A was
intentionally iocated in a high1y fractured area near several faults;to'
test'thelbehavior of high explosives in fracturéd'rock. Room B was |
locatgd_iﬁ sounder, lesg f:actufed_rock. Within'the'area most faults»
fall within either 6f two welledefined sets--one that trends
northeastwa;d and.dips northwest and one that trends northwestward and
dips northeast, Faults of the nqrﬁﬁeast set are upthroﬁn to the Southeast
and_faults éf the northwest set are upthrown to the southwest. . Exceptions
to this rule”are rare, aﬁd one or fwo»curvéd faults that change orientation
: f:om northﬁest‘to northeast alsq chﬁngg attitude aﬁd throw consistent »
wi;h‘the above pattern. “The very marked di&ergencg in trends of the two
fault seté shown on figurg 1 is due ﬁartly to the influeppe of topography
on their tﬁ&ces; the actual divergénce in strikeé is appreciably less.
Dips, whgre mgasurable; range mostly f;om 50° to 70°. The pattern of two
mutually opposea sets of nbrmal faults suggests a west to east'tensional
condition ip';he_earth's crust at the time of faulting,

-For their relatively small displacements, most of the faults of the
area have relatively wiae zo?es between walls. On the other hand, the
widths of fault zones vary wi&ely within single faults and inVShort
distances, depending apparently on the bghayior of the particular beds
th;bugh which the“faultsvpass. In general, frac;uring in the form of
shattering or sheeting is more gx;ens;v; in the_hanginglwali than in
the fpotwall, and in placgs ;he 1?mits of thglfault zone in the hanging
wall are vague or indefinite. These generalizations are confirmed by

underground as well as surface observations,
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Joints

Joints also are abundaﬁt in the area, and they also. form a
well-defined-patte:nkof two sets subpa:allel to the faults, Geperally
steeper #han the faults, however, their dips range mostly from,70° to
vertical,

At any given loga;iop,'one join; set commonly prgdominates over
the othgr. ngerally speaking, the northeast set is étronger and more
persistent than the northwest_set, bﬁt logally the converse is true,
Prior to the tests, joints were stronger and more closely Spaced at the
surface~in'the vicinity oﬁ Room A than they were in the vicinity of
Room'B, Prior to the dynamite explosions few joints had been trgcéd ‘
much more than 40 feet along any single fracture, but after the explosions,
when some joints ere opened up by the blasts, it became evident that
some qf_themygxtgndgd several times that distance as discrete and

continuous, although tight, fractures.

Structure of the Rainier Tunmel area

A The Rainier Tunnel is lqcated in an area of volcanic rocks on the
east flank of Rainier Mgsa 1% to 2% miles west of the USGS Tunnel,
This area, shown on figure 2, is 7,500 feet long west to east and is

5,000 feet wide”north'tp south, lThe_vqlcgnic rqcks«of the Raipier‘afga
are gen;}y folded into a’serigs.of‘apya;eptly shallow-rooted:eastftregding
ant;clinésignd sypclinesg ?hgsg fold§‘a:g'sgperimposgd on @ore.complexly
deformed Paleozoic rocks, mainly limestones of Devonian age, Three
methbds oprrgsgntagigp are usedutq_pgrfray theugpatial gha;gctgrispips

of these folds and associated geologic structures: (1) a geologic map
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(fig. 2), (2) geologic sections (fig, 3), and (3) a structure contour map
(fig. 4). On the geologic map the folds are indicated by the plotted
traces of their axes and by dip»and strike symbols that depict‘the
variations in bedding attitudes.

Geologic(sections were'prepared to show thg two-dimensional form of
~the”folds pa:allel to selected_surface profilesf Section A-A' is |
parallgl to and coinqides in part with the centerline of the Rainier
Tunnel. - As the tunnel line and the line of section cross the structural
trends at oblique and variable angles, true thicknesses and dips of beds
.do not appéar in éection A-A',‘but instead, components of thickness and
dip are shown, Section B-Bf, on the other hand, is drawn more néarly
perpendicular to the stpuctural trends, and hgnce thicknesses and dips
of beds are shown in nearly true scale (fig. 3). Both of the geologic
sections and the structure contour map as well,'were drawn prior to
completion of the Rainiér Tunnel. Additional subsu;face data, made
available since these figures were drawn and since completio? ofighe”
tgnnel,cwill be incorporatéd into latgr versions of the illusérations
| being prepargd for future publication.

The  structure contour map (fig.‘é) portrays the three-dimensional
form of che folds in the volcanic rocks but makes no attempt to show
the structure in the underlying 1im¢stone. For this map the top of the
portal bed, the uppermost bed in unit Tos3,_was sglected as the
reference horizon upon which the contours were drgwn. West of the_'
outcrop of”thg por;allbed tye contours. are underground and are shown
as solid‘1ines. East of the surface outcrop, the contours are projected
into.spgce above the ground surface gnd are sﬁqwn as_brokeg 1in¢s; they

indicate the restored position of the portal bed prior to its erosion.
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The structure contours are most accurately drawn in the central part of
the map area where the portal bed is near to the ground surface and where
control data are plentiful. Owing to lack of control west of the face of

the mesa, contouring was not extended into that area.
Folds

The general trend of folding in the area is northeastward. For
convenience of description the following names, north to south, are
applied to the folds in the immediate vicinity of the Rainier Tunnel:
the Point Mabel syncline, the Cat Hill anticline, the.False Start syncline,
and the‘ UCRL anticline, The Point Mabel‘syncl_ip,_e and the. UCRL anticline’
are Segments of sizeablg strﬁcturgl features thatvextend well bgyOnd»the
limits of the area mapped. The Cat Hill anticline and the False Start
syhélige, however, are minor structures entirely within the mappeé area;
they can be envisaged as-second»order folds modifying the flanks of the
larger Point Mabel and UCRL folds. Their trends--about N. 80° W.--are
oblique to the trends of the major structures.

Over most of the area the folds plunge gently'westWard,'and'along
the face of the mesa nearly all dips have a westerly component, A few
thbusand feet east of the mesa rim, however, the Point Mabel and UCR1
folds reverse and plunge eastward. The UCRL anticline, therefore, is
a closed,'doubly plunging fold. bxts point of culmination aéproximately
underlieshtththird switchback of the road to the Rainier. Tunnel, and
its closure is about 75 feet.

A thdusand‘feet or so nppth;gﬁ the Point Mabel_sync}@ne}is a’
large unnamed anticline, This feature has little expression in units

T057 and TOSS, but it is well developed in the underlying older units
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of the Oak Spring formatioﬁ. As it is mostly outside ;he mapped area, it
has not been examined inidetailp and would héve little effect upon any
tests planhéd for the Raiﬁier Tunnel., A small unnamed syncline just sbuﬁh
of thé UCRLAanticline can be observed between the second and third
‘switchbacks on the road to the tunnel, 1Its axis ié plotted on the

geologic map (fig. 2),
Féults

Fgglﬁs aré ﬁoé abundant in ﬁhe_Rainier Tunnel area, and most pf
those pregenﬁ are of}small size. Most of the faults trend northwestward.
They are too few in number to warrant anf:definite qonclusions as to
their possiblé relationships_to one another, but they seem to fall into
two sets or families. Faults of one set trend ﬁostly,N.ISO W. to N. 350.,

W,, are upthrown on the»northeast,-and probably dip southwestward; faults

of the other set trend from about N. 45° W. to about N. 70° w,, are

upthrown on the southwest and dip northeast, The displacement habits»of.,
the two sets of fauits and‘tﬁe relationship of one set to the pthgg"ate
the same as those of tﬁelfaults at the USGS Tunnel area; and cpqncag

seem good, therefore, that the faults of the two areas are related and

were formed by the same stresses at about the same time,
Joints

In the nonwelded tuffs, joints are less prominéntA;n the Rainier
Mesa a?ea,_by agd 1arge? than in the USGS area; and”ﬁgwerﬂpf_theg have
peén mapped, The‘pa;d we}ded”tuffs that"cgp.;he mesa, however, are very
susceptible to jointing; and along the :ims.pf the mesa large near~

vertical columnar joints are very conspicuous. The shocks and vibrationms
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of the Rainier Teéf dislodgedfnﬁmerous'large boulders of welded tuff
from.the cliffs of the rimrock by failure along joint planes.

Numerous lineaments‘in the cap rock of the mesa can be observed on
air photographs and_areiploﬁtéd on the map. Many of these lineaments
are inconspicuous or virtually undetectable on the ground, most of them
undoubtedly are joints in the welde4 tuffs, but some may be faults.
Fracturing produced in the cap rock of the mesa by the Rainier Test was
influenced in its pattern,by‘the orientation of lineaments at the
surface, and most‘iﬁdividual fractures coincided with pre-existing

' joints. or lineaments.

GEOLOGIC EFFECTS OF THE HIGH-EXPLOSIVE TESTS AT THE

- USGS TUNNEL SITE

Surfaceleffectéuof‘the 1Qéton exploéidn in Rooh A‘

On February 21, 1957, ét 2:01:01 p.m. 10 tons of 60 percent
nitrpglycérin géiatin dynamite ﬁas-exploded»in Room A. At the instant
of the explosion the entire area above Roqﬁ A was lifted several feet
by the blast--visual estimates range as high as 10 feet. An instant
1at§r the surface fell back toward ifs original position. Precision
surveys before and after indicate that a roughly.oval area covering about
3,700 square feet was.petmaﬁently paised a foot or more above its former
position, and a subcircular area of nearly 12,000 square feet was lifted
half a foot or more. The uplift--both transitory and permanent--was
predominantly southwesc of ground zero, chiefly because the shortest
distance above the chamber to the ground surface is southwest of ground

zerc. Most of the rock breakage caused by the blast was in the southwest
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quadrant also. Rough estimates indicate that about 54,000 tons of rock
was involved in-1lifting, breakage, or fracturing. The quantity of closely
brokénquqk,-howevep, was much smaller.

An instant after the shot was detonated, a horizontally directed
blast of gas, dust, and rock fragments emerged from the portal of the
tunnel. The gas-dust cloud traveled thousands of feet from the porﬁal
before it lost moﬁentum and was dispersed into the atmosphere by the
wind. The large volume of rock hurled from the tumnel by the blast
was deposited in a naxfoﬁ édne of dispersal fanning outward from the
portal. ﬁlocks of rock a foot in diameter were thrown 150 feet from
the portal, althoﬁgh most of the material carried that far was smaller;
sﬁall stones were thrown as far as 400 feet. Like a blast from a giant
shot gun, the scatter pattern was narrow, well defined, and remarkably
clean cut, Juniper.trees partly in the trajectory of the cloud were
stripped of leaves, bark, and branches on the side within the path but
were left unmarked on the otherAside. A tree 75 feet from the portal
was stripped clean, but a mounted set of fusé boxes less than a foot
away was undamaged.v The escape of energy from the tunnel was due to
partial destruction of one wall of the shot chamber by the explosion,
whicﬁ permitted the gases to by-pass the stemming oﬁtside the room;
this effect is more fully discussed by Cattermole (1958, p. 12).

Pre~existing planes.of weakness exerted a strong influence on
the surface‘pattern of fracturing céused by the blast; most of the
breakage, in fact, followed pre-existing fractures; and the area of
deformation was largely delimited by pre-existing fractures. The
extent and limits of fracturing are shown in figure 5,1"Pat;ern of

fractures opened by 10-ton explosion, USGS Tunnel area."
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DéformatiOn ﬁest of Room A was restricted mostly to the area between
ground zero and the northeast-trending fault 10 feet west of ground zero.
Some breakage and lifting occurred along bedding planes west of this fault,
probaﬁly because the fault plane dips westward and the shock wave erm the
blagt was partly transmitted through it; were it to dip eastward, it
probably would have démpened the shock more completely.

Southwest of ground zero»deformétion was largely restricted by the
‘northwest~trending fault that passes up Portal Draw. This fault dips
eastward. Again, however, minof fracturing and movement occurred to the -
west of the fault, mostly along old joints; |

On the south, deformation was limited largely by the outcrop of
Bed 22a.. The base of this bed served as a parting plane above which
all overlying rocks were lifted gpward by the blast and below which
little or hé surface deformafion éook place. Thaf ié, downslope from
the outcrop of Bed 22a, deformation was negligible. Several higher
bedding planes also served as parting planes. Lifting extended eastward
along the base of Bed 22a.. to a point 57 feet southeast of the tunnel
centerline where a strong joint plane restricted further movement. -

The most distant observed effects of the blast occurred about 310
feet south-southwest of the chamber where the ground opened slightly
along the hanging wall of the same northeast fault that passes just west
of ground zero.

On the east the limits of deformation were somewhat indefinite,
owing probably to a lack of any strong, centinuous, or well-defined
structural features that might have served to restrict the movement.

The greatest surface displacement followed a small pfe-existing fault
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due south of ground zero, and most of the severe fracturing was west
of this fault; the wést side of the fault was uplifted 10 inches
4§ertica11y relative to the east side.

North of ground zero surface deformation was. negligible, chiefl}r
because the ground surface rises rapidly in that'direction,»and.thé
amount of coﬁer above the shot chamber increases accordingly.

A small crater caused apparently by escaﬁing gas was formed
150 feet south by west of the shot chaﬁber at the junction of Bed 22a
and the fault in Portal Draw. For several hoﬁrs gas "bubblés"'rOSe.
through the fine dust that formed the bottom and lips of the crater,
and a strong odor of gas remained ét the crater 24 hours after the

test.

Surface effects of the 50-ton explosion in Room B

On April 5, 1957 at 6:30:31 a.m. 50 tons of 60 percent nitroélycerin
gel#tin dynaﬁite was exploded in Room B, The area over the chamber was
lifted several feet by the blast. High-speed phafographs taken at the
time indicate that a maximum uplift of 15 feet occurred over gioundvzeto |
Between 0.7 second and 1.2 seconds after the explosive was detonated.
Most of the doming was within a radius of about 100 feet of ground zero,
but uplift and severe fracturing occurred as distant as 525 feet from
ground zero. An instant after the blast the ground surface fell back
toward ifs previous position and.the present fracture pattern became
fixed. The extent and limits of fracturing are shown in figure 6,

"Pattern of fractures opened by the 50-ton explosion, USGS Tunnel area." .




34

From knowledge gained by the blast in Room A, a more effective stem-
ming method was dévised for the Room B explosion, and the 50-ton blast
was, completely contained insofar as the tunnel was concerned. The more
effective containment of the 50=-ton explosion and, hence, the proportion-
ately increased energy expended into the rock probably account in large
part for_the many times greater rock deformation by the 50-ton explosion
than by the 10-ton. explosion, especially in view of sounder pre=blast
rock conditions above the 50-ton chamber and a higher calculated
containment factor for the 50-ton explosion. Although 50 tons of
explosive should yield 5 times the energy of 10 tons, the surface effects
to the 50-ton blast extend over about 12 times :the area of ghe 10=-ton
blast, and the volume of rock invol§ed is estimated to be about 23 times
as great. Rough estimates based on‘surfacé and underground observation
ipdicate that about 758,000 cubic yards of rock, or about 1% millipn tons,
was involved in the lifting, breakage, and fracturing caused by the
50-ton Blast. The quantity of closely broken rock was much less. About
32,250 cubic yards; or about 54,000 tons, was involved in the 10-ton
shot. " A logical conclusion is that a large quantity of the energy of the
10~ton blast was expended out of the ﬁunnel in the gas-dust cloud that
accompanied the explosion..

As with the Room A explosion, most of the strongest displacements
were along pre-existing fractures in the rocks, but in contrast with the
Room A explosion, many stréng fractures were formed wiéhin previously
sound rock. The fracture pattern caused by the blast is mainly radial
aﬁd focuses at the surface near ground zero, but the pattern is modified

by pre-existing fractures along which renewed movement or dilation occurred
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and by differential cover above Room B owing to topography. Fracturing
was relatively light in the northwest quadrant of the blast area because
of higher ground and hence greater thickness of cover in that direction.
The severes; fracturing was eastward from groﬁnd zero within a radiun of
about 100 feet of ground zero.

Pronounced radial fracturing occurred mostly in the area within' .
200 feet of ground zero where the surface was strongly dilated by the’
updoming caused by the blast. Beyond 200 feet most of the breakage |
followed pre-existing planes of weakness in the rocks, such as faults,
joints, and bedding planes. Such planes of weakness served to outline
the entire disturbed area, except fbr a relatively few outlying fractufes.j

In plan the disturbed area is réughly triangular with a base
facing east and an apex pointing west. The length of the base is about
600 feet, the distance from base to apex is about 360 feet, and the area -
within the disturbed triangle is about 12'000 square yards. Again,
minor effects and some sizeable fracturing occurred outside the triangle,
but the most notable effects are within. The broad base of the triangle,
on the east, is formed of a near-continuous fracture or zone of fractures
along a pteeexisting west=dipping fault; the apex of the triéngle is at
thg intersection of two faults which underwent movemeﬁt when Room A was
detoﬁated and which underwent renewed movement wﬂen Room B was detonated.
During both explosions these faults largely limited deformation'on the
west., Tﬂe southwest side of the t:iangie is marked by a zone of
bedding-plane breaks shown at the ground surface by open fractures
along bedding planes ®r by low scarps in the overburden; the northwest
side of the triangle is defined by discontinuous open fractures that dip

steeply toward the southeast and trend radially from ground zero.
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Relative to the surrounding hillside, the triangular area defined
above was lifted upward and pushed southward by the force of the explosion.
_Differential horizontal displacemént is especially pronounced along the
fault that bognds the triangle on the east where sets of en echelon tension
fractures were produced by horizontally directed couples. Strong
differential movement also occurred within the triangular area itself,

and outside the immediate intensely fractured vicinity of ground zero

the greatest accumulative displacement was along a series of south-trending

fractures due south of ground zero. Along each of these fractures, the
west side moved up and southward relative to the east side.

In the intensely fractured area near ground zero the present fracture
and disblaéeﬁent'pattern are the composite result of the movement and’
bréakége that accompanied updoming at the instant of the explosion and the. .
gravitétive collapse that immediately followed. The greatest single
displacement is along an old north-trending fractufe 35 feet‘east of ground
zero., Prior to’the explosion this fracture had no appreciable dis-
placement at the ground surface, but underground it may have joined a
smali slip near station 3405, As a result of the blast, a surface scarp
was formed along this fracture for a distance of about 200 feet, centering
due southeast of ground zero where its displacemeht--upthrown on. the east~-
is about 72 inches. From that point the displacement diminishes gradually
northward and southward. |

A sécond large scarp, also upthrown to the.east and with a maximum
displacement of neariy 3 feet, was formed along an old fault 10 feet west
‘of ground zero. (This fault crosses the main tunnel at station 2465.)

The scarp dies out gradually to the north. fo the south, it ends rather

abruptly in a maze of fractures in the old fault zone., The wedge-shaped
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area between the two large scarps, which contains ground zero, isvless.
éeverely fractured than the area just to the east; but it contains
exceptionally large openings--some as much as 4 feet across--and numerous
grabenlike collapse features. Gas from the ignition of the dynamite
issued from these openings for several days éfter the blast.

Most of the fractures causéd by the 10-ton explosion in Room A .
were further widened or otherwise ﬁodified by the 50-ton explosion in .
Room B, ~ One large fracturg treﬁding south from ground zero of Room A,
‘approximately along coordinate E 646,770, had its relative displacement
reversed by the B expleosion. Tﬂe west side of this fraﬁture was uplifted
by.the A explosion; the east sidé was uplifted by the B explosion which
cancelled out the displacement caused by the firsﬁ blast. - Renewed lifting
occurred at the base of Bed 22a in the tunnel portal afea. Additional
iifting occurred to the southeast, where this bedding plane previously
was unéffected, to # point where the bed abuts at the surface against a
prominent fault at grid point E 646,910, N 892,630. This is the same
fault that surfacegllo feet west of ground zero and crosses the tunnel
at station 2¢65. At that point the lifting crossed the fault and
extended southeastward along a juxtaposed bedding plane in unit 19,
Unit 19 formed the back in Room B prior to the explosion just as Bed 21 |
had formed the back in Room A. The scarp formed by these lifted beddiné
planes defines the southwest limit of the disturbed area and is one éide
of the triangle previously mentioned.

At grid point E 646,930, N 892,460, the lifted bedding plane in
unit 19 abuts against the prominent pre-existing west-dipping fault that
served as an east and southeast boundary'to the fractured area, the base

of the triangle,
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In addition to deep-seated fracturing, many sizeable fragments
of rock were spalled from the faceé ofyledges and low cliffs, apparently
owing to rebouﬁd as the shock wave caused by the blast travel;dAto and
was reflected from the ground surface. The most extensive bfeakage of
this sort was in the portal area where about 70 feet of ﬁhe cliff face,
with a maximum height of about 15 feet, spalled off along an old but
tight fractﬁre. Boulders fallen from the cliff face damaged the portal
to the extent that the éap timbers and.the lagging on the cap had to be
replaced, and boulders that.drbpped on the éccess road in Portal Draw
were of such size aé to requiré drilling and blasting before they could
be handled by é bulldozer. Some of these boulders had estiﬁated weights
of 50 tons or more, Additional spalling of lesser magnitude was common
on the easf slope of the hill, 225 feet or éo from grouﬁd zero. Impact
marks were made on ledges hundreds of feet déwﬁsldpe in the amphitheatre

by rolling boulders spalled from the east side of the hill,
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APPENDIX
Table ls~Composite section USGS Tunnel area, Nevada Test Site
Top of Section

Bed . S : : Thickness
No. ' - Description . (in feet)

Unit Tééa

2 h Tuff, light grayish brown,'fine>grained, massive;

| pumice and ash shards; crystélé of plagioclasé;
alkali feldspar, quartz, biotite andA |
amphibole ., . . .. .‘. .o . ;

; ¢ o o & ® & &6 e+ e s 2.0

24 g . Mostly covered; forms sloping bench. Probably

Similar to bed 24 c’ L] [ L] . . . . . L4 * L d . 3 L] L] - | 17.5

24 f Tuff, 1ight'gray, fine grained; shard and pumicei
B - fragments. Cr&stals,of plagioclase and quarﬁz
(sand size) are moderately abundaﬁt; scattefed
'crystals of bibtite, alkali feldspar, amphibole
and an opaque oxide. Dense, good ledge former,
jointed. (Chemical aﬁalyses in tables 2 and 35. .. v 7.0
24 e Mostly covered; forms sloping bepch. "Resistant
| beds 1 to 2 feet thick crop out- about every 6
feet of section; beds consist'of medium-gréined
_ tuff; ffagments of pumice, shards, greenish |
yellow porcellanite, and small broﬁn quartzite . ; . ._30.0
Total thickness of beds 24 h to 24 e. . . . 56.5

24 d Tuff, mostly light brownish gray. Forms

prominent rough-surfaced ledge. Contains

many altered pumice fragments as much as
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Bed - ‘ ' Thickness
No. ) . Description (in feet)

one inch long mostly less than one-half

inch and moderately abundgnt dark quartzite

fragments; crystals of biotite and amphibole;

Eleven feet above base 1s a one-inch thick

white friable bed that divides unit into

two benches., . . . . . . . . . e e e e e e 16.7
24 ¢ Mostly covered but probably similar to bed

below except more friable. Forms gentle

SlOPE. + v o v ¢ ¢ v o b e e e e ; G« + « e e . 21.6
24 b Tuff. Lower 7 feet of unit is red with

light-gray pumice fragments up to one inch

and subangular-éuartzite fragments up to 1%

inches but mostly less than one-half inch;

crystals of quartz, alkali feldspar, biotite,

pyroxene, and an opaque oxide. Upper part is

mottled light brown and is a good ledge

former . . . ;'. 6 o ¢ 6 2 s 8 o o u = s s s e 11.8
24 a Mostly covered but basal one inch e#poses

tuff, fine grained, hard, porcellani;ic'

with some brown quartzite fragments; breaks

‘into angular small-blocks and slabs. . . . . . . 10.0
23 p Tuff, chalky white, fine grained groundmass

but contains fragments of‘pumice one-half

long, shards, and scattered brown quartzite

fragments up to three-fourths inch.
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Bed - . , Thickness
No. _ _ _Description (in feet)

Scattered crystals of quartz, alkali

feldspar, plagioclase, amphibole, and

an opaque oxide. Good ledge former. . .. . . . . 4.5
23 o Poorly exposed but appears to be light

gray tuff containing shard and pdmice

fragments. 1In central part of interval

is a one-inch porcellanitic grit containing

many fragﬁents of greenish-yellow porcellanite

and a few crystals of sanidine . . . . . . . . . 8.1
23‘n Tuff, light gray; shard and pumice fragments;

a few crystals of sanidine.and sand-size

quartz . . e e e e e e e e e e e e e 6.0
23 m Tuff, light gray; pumice fragments; scattered

crystals of quartz, alkali feldspar,

plagioclase, hornblende, and an opaque

oxide. One-inch thick pink bed 10 feet

above base; one-foot thick porcellanite

bed above pink bed. Fifteen feet above

base is one-foot thick medium-coarse bed

containing large brown quartzite fragments.

Twenty-three feet above base is a resistant

gritty bed consisting of dark gray and

brown quartzite, shard, and‘pink porcellanite

fragments. Gradational_upper contact. . . . . . 25.6

Total thickness of beds 24 d to 23 m 104.3
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Bed . o . ' Thickness
No. _ Description (in feet)

231 Tuff, light gray, fine graired, resistant, 1edge

former; ﬁassive. Abundant fragments‘éf small

medium-size broﬁn quartzite ffagmenfs, pumice

and shar&s. Scéttered crystals of alkali

feldsﬁar, quartz, and plagioclase; é few

crystals of titanite(?). « &+ ¢ ¢« & ¢ o« o ¢ o o o ;>. 5.0
23 K Tuff, light gray mottled with pink indistinctly

bedded. Consists mostly ofiash shards, but also

pumice and qqaftiité fragments . .l. B B
23 j Covered; forms definite benéh. .Exposureé to northeast

indicéte an upper white friable tuff underlain by

4 to 5 feet of very light pink tuff. e e e e e e e 7.0
23 1 Tuff, lighF gray, fine grained, moderately;bedded; a

| few sand-size quartz crystals. A few sgattered

porcellanitic layers each about oné inch thick . . . . 10.0
23 h Tuff, greehish gray with some pink; abundanf quartziﬁe

fragmenfs and‘moderately abundant pumice ftagments;

Moderately abundant to scattered cfystals of

alkali feldspar, plagioclase quartz, biotite,

and an ogaqﬁe'oxide and rare titanité(?) .‘. « s+ ... 0.8
23 g Tuff, séndy (especially near bgse),vliéht grayb. e s s e .2.7
23 £ | Porcellanité, light pink . . . ; . :.. o e e s e s ... . 0.5
23 e Tuff, gray weathering light bfoWn, weli Bedded.

Fragments of pumice and obsidian. Abundant
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Bed _ _ Thickness
No. Description (in feet)

crystals of quartz, alkali feldspar, and
plagidclase; crystals of hornblende modérately
abundant; scattered crystals of an opaque
oxide. . . . . . . . ; e e o s e s e e e s e e s 8.0
23 d Tuff, pink; abundant ash shards. . .,. . . . . . . 1.5
23 ¢ - Tuff, light gray. Aiternating‘beds 6 to 10

inches thick of medium-coarse fragments of

pumice, porce}lanite, and brown quaftzite

fragments., Scattered crystals of quartz;

alkali feldspar, plagioclase, and an |

Opaque OXide e o . « o e o o e e *« o o . e o s o 7.5

23 b Tuff, coarse, gritty, very.dense; much
greenish-yellow porcellanite. Indistinctlyr
| straﬁified e s o s 4 s s s 6 s s e s v e o e u s 3.5
23 a Tuff, gray, fine grained; alkali feldspar,
| plagioclase and quartz crystals, Stringers
of porcellanite: « « o« 4 ¢« ¢« ¢ &+ &« « o o o o o @ 2.0
22 k Tuff, pink mottled with white. Moderately
abundant pumice, ash shafdé, and small
‘ shark-tooth-shaped black obsidian fragmengs;
| abundant quartz and alkali feldspar crystals,
scattered to rare éhenocrysts of plagioclase,
biotite, and an opaque oxide e v e s 0 o s 2 s e 3.8

22 j Tuff, similar to bed 22 h except 1oca11y

darker. Small polygonal fracture patterné’

(3 to 4 inches across) developed on flat surfaces . 9.0
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Bed - : Thickness

No. “- ' ‘ . Description (in fqet)
22 i Tuff, same as bed 22 h except it is pink

with white haloes aroﬁnd small black

obsidian(?)- fragments. . . . . . ... . . . ... - 2.5
22 h - Tuff, light gray, very massive, medium grained.

Pumice and ash shards'querately abundant.

Abundant alkali feldspar and quartz crystals;

moderately abundant to scattered crystals of

plagioclase, biotite, and an opaque oxide.

Polygonal fracture patterns, 3 to 4 inches

across, developed 6n fiat surfaces', . . . . . . 13.0
22 g Tuff, light gra&, very friable . . . . . . . .. . 0.5
20§, Tuffaceous grit, well bedded « « » « « « o o o . 1.5
22 e Tuff, pink; massive, numerous white pumice

and ash shards. Abundant phenocrysts of

quartz, alkali feldspars, and plagioclase;

scattered phenocrysts of biotite, pyroxene(?)

and an opaque oxide. (Chemical analyses in:

tables 2 and 3). . . . . . o I 1.7
22 d Tuff, light gray medium-coarse grained, ,friable; . .

brown to black subangular fragments (mostly

quartzite) . . . . 4 4 o . e et e e e e e 5.0
22 ¢ Tuff, alternating pink and gray bands. . . . . . . 1.0
22 b Tuffaceous grit, gray, resistanﬁ; good ledge

former . . . . . i e e e e e e e b e e e e e e s 1.7
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Bed- o ' Thickness .
No. — Description } (in feet)
22 a Tuff, pink; fragments of pumice, ash shards

and obsidian, Moderately abundant phenocrysts
. of quartz, alkali feldspar, and plagioclase;
scattered biotite and an opaque oxide. . . ... . 4.4
21 Tuff,.mostly light gray, resistant, gritty.
Moderately abundant fragments of pumice,
ash shards, and oﬁsidian. 'Moderately
abundant phenocrysts of quartz, alkali
feldspar, and plagioclase. Lower 3 to 4
feet are well bedded with grit-bed at base’
(thin resistant beds at ﬁase), alternate
with coarse tuffaceous beds. .Sixteen feet
~above base is a 2-foot thick bed of light
gray very friable tuffaceous grit. One-foot
thick pink béd 14 feet above base. Upper 3
feet is light gray resistant tuff with
porcellanite at base . . . + . ¢+ ¢« + ¢ ¢ o0 . W 20.5
Total thickness of beds 23-1 to 21 125.0

Unit ?033

20 Tuff, light red (5 R 6/6) to light pink
(5 R’7/4), abundant cream-colored ash
shards as much as one inch long and
moderately abundant brown limonite(?),
pumice, and obsidian fragments. 'Abundant.

phenocrysts of alkali feldspar and



46

Bed . - . . ' : Thickness
No, - . , . Description ' (in feet)

moderately abundant to scattered quartz,
plagioclase, and biotite., Hard, massive;
breaks into sharply angular fraéturés.
Sha;p upper contact; gradational lower
contact., This bed is referred to as the
"portal bed." (Chemical analyses in
tables 2 and 3). e e b e e e e s e e e e e s 7.7
19 d Tuff; lower 1.5 feet is dense, fine gFained,
dark pink grading upward info successivel&
lighter pink; contains moderately abundant
pumice fragments, . abundant phenocrysts of
alkali feldspar and moderately abundant
quartz and §1agioc1ase and scattered biotite.
Top 10 feet is nearly white., About 3 feet
" above base the tuff is médiumncoarse grained
«vand contains abundant pumice fragments;
phenocrysts of alkali feldspar-are abundant,
quartz and plagioclase moderately abundant,
and scattered biotite and an opaque oxide.
Upper 10 feet has abundant pumiqe fragments
and is fairly_friable. e o s e.e e e 0 s e e e 27.0
19 ¢ Tuff, yellowish gray, gritty at base.
Mbderately abundant pumice and ash shards
énd scattered foreign fragmenfs; séattered
phenocrysté of quartz, alkali feldspar,

plagioclase, and biotite . . . . « o v « o .0 o . 3.3
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Bed ' 5 Thickness
No. =~ , . ___Description | (in feet)
19 b Tuff, porcellanitic, white, glassy, with

open texture (IOOSely‘cemented, one-half *
to one-inch.flét aggregates with cavities
between). Abundant ash shards and a few
foreign fragments; scattered phenocrysts
- of quartz, alkali feldspar, and plagioclase,
(Chemical analyses in tables 2 and 3). . . . . . 1.5
19a  Tuff, porcellanitic, light gray, mottled
with pink., Tuffaceous grit bed about 0.5
foot thick 8% feet above base of unit.
Abundant fragments of pumice, ﬁoderately‘
'abundant fragmeﬁts of obsidian; and
scattered foreign fragments; scattered
‘to rare pheqocrysts of quartz, alkali
'feldspar,kplagioclase, biotite; amphibole,
and an opaque oxide. . . . . . . . ..... e 15.0
Total thickness of beds 20 to 19 ; “ e 34,5
18' Tuff, light gray with thiq‘pink bandé, fine
grained, moderately friable. Sand-size
brown quartzite grains moderately abundant.
Top bed is about 2 feet thick, fine grained
at top and ¢ontains scattered pumice and ash
shards, and scattered quartz and alkali
feldspar phenocrysts. Lower bed contains
aBundant ash shards, moderately abundant

obsidian, and scattered pumice and foreign



48

Bed ‘ : Thickness
No, o , Description (in feet)

fragments; scattered phenocrysts of

quartz, alkali, feldspar, and biotite. . . . . . ~ 19.0
17 COvEered. + o « < v o o o v o o o o 0o s s s o e 50
16 Gritty porcellanite., Yellowish green at

base with abundant quartzite fragments;
‘overlain by gray and mottled pink stringers;
quartzite fragments up to cne inch at top of -
unit. Abundant pumice and moderately abund#nt
obsidian fragments; moderately abundant quartz
and alkali feldspar phenocrysts and scattered
plagioclase, biotite . + . &+ o ¢« v o ¢ v o ¢« o . - 4,6
15 .Tuff, fine-grained, well bedded; 1ight gray
alternating with some pink bands in upper
part. Thin pdrcellanite bed one foot from'
top. Moderately abundant fragments of pumice,
obsidian, and ash shards; moderately abundant
phenocrysts of quartz, alkali fgldspar,

plagioblase, biotite and scattered opaque

oxide. . ° . . ° L[] I L] L2 L] 1 4 . . o . * - l' Ll . . ' . ’ 28‘0 .
Total thickness of beds 18 to 15 . ..  56.6
14 Tuff, divisible into three units. Lowest unit

is about 4 feet thick, dark brick red, very
- dense, generally maésive; breaks into sharply
"angular pieces. Middle unit is'pinkish red
and fine grained. Upper unit similar to

middle unit except it is tan. Bed contains
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: Thickness
Description ) ‘ _(in feet)

Unit Tos

13

12

11

10

.moderately abundant pumice, obsidian (black,

hollow, pipe-shaped bodies), and ash shards,

and scattered foreign fragments; quarti,

alkali, plagioclase, and biotite phenocrysts

moderately abundant, and a scattered opaque

oxide; many brown limonite(?) inclusioné e e e s 22,2

Total thickness of bed 14 . . . . . . 22,2

CoverEd. . > & o o ¢ & ¢ o. . e o o ¢ ©o o o 0‘ * e o 1400

Tuff, yellowish green, fine-grained. Few

blébs of white porceilanite up to 2 inches.

Moderately abundant pumice énd ash shards;

moderately‘abuﬁdant phenocrysts of quarté

and alkali feldspar and scattered to rare

plagioélase, biotite, and an opaque oxide. s o . 6.0
Tuff, brick red lower half and light gray

upper half; generally fine grained and dense.

Scattered large fragments of quartzite.
| Very good ledge former . . « « o « o « o o o o & 4.7
Tuff, coarse, fragments of pumice and tuff

up.to one inch; mottled light red and

BTEEM. v v o v o o o o o o o o o o s o o o o o s 2.2

Total thickness of beds 13 to 10. . .  26.9

Tuff,'light gray beds interbedded with three

yellowish green porcellanitic beds. Light

gray unit has abundant pumice fragments,
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Bed - . Thickness
No. .~‘f‘ e . Description ‘ (in feet)

moderately abundant obsidian and a few

foreign fragmentS. « o « o o o o ¢ & 0 o . o o o 7.1
8 Tuff, reddish orange. Fragments of pumice,

quartzite and porcellanite . . . . . v . . . . . 2.2
7 Tuffaceous grit énd-thin brownish-gray

porcellanite.beds. Abundant pumice: and
quartzite fragments; moderately abundant
phenocrysts of quartz, alkali feldspar,
.and plagioclase and scattered biotite
~and an opaque oxide. . . 4 ¢ s 6 0 e 0 e 00 . . 2.5
6 Tuff, intermittent exposures of dense,
fine-grained gray and pink beds. Some"
mottled.pink and gray beds near middle
of unit. Tower 6 feet mostly covered
forming dip-slope bench. . . . . . . . . . . . . 20.5
5 Tuff, pink with thin dark red bands, well
bedded, dense porcellanite layers but
generally fine to medium grained. Abundant
pumice fragments and moderately abundant
. obsidian; scattered phenocrysts of quartz,
alkali feldspar, plagioélase and an opaque
oxide. At base is omne-foot thick pisolite
layer, mottled pink and gray, demse. . . . . . : 9.0
4 . Tuff, white, fine g:ained, dense except for

for small cavities, bedded. Abundant pumice
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Thickneés

Description | (in feet)
fragments and a few quartzite fragménts;
moderately abundant phenocrysts of quartz,
alkali feldspar, and plagioclase and

scattered biotite and an opaque oxide. . . . . . 3.5

Tuff, top 0.5 foot is a grit which is

underlain by light gray, fine-grained
tuff with small brown quartzite fragments

near.top...’.....o-.-.....;‘.. 4.0

Tuffaceous grit, yellowish brown. Abundant

pumice fragments and large quartzite
fragments., Moderately abundant phenocrysts
of quartz, alkali feldspar, and plagioclase;
scattered biotite, pyroxene and an opaque

oxide. Good ledge former. . . . « « « « o & « 2.0

Tuff, alternating beds of yellowish gray and

pink. Yellowish gray beds ake fine

(porcellanitic) to medium-grained. Abundant

pumice fragments moderately abundant.obsidian

and ash shards and scattered brown quartzite

fragments, and blebs of porcellanite.

Moderately abundant phenocrysts. Pink beds

are mottléd with light gray (greenish cast),

fine grained and demnse. Unit is a gobd ledge

fOTMEr . & v v 4 v & s o o o o s o o o o o o o o 10.5

Total thickness of beds 12 to 1
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Table 2.--Semiquantitative spectrographic analyses of representative
samples, USGS Tunnel Site. Sample numbers correspond to
bed numbers. TFigures are given to the nearest number in
the series 10, 3, 1, .3, etc. in percent. Symbols used
are: - not looked for; 0 looked for, but not detected;

M major constituent (greater than 10 percent).
Katherine V. Hazel, analyst.

Sample ' ' : :

No. B-19b B-20 B-22e B-24f No. B-19b B-20 B-22e B-24f
Si M M M M La 0.001 0.003 0.003 0.001
Al 3.0 10 10 10 i 0 0 0 0

Fe 0.3 1.0 1.0 3-1.0) Lu O 0 0 0

Mg 0.1 0.3 0.3 0.3 Mo O 0 0 0

Ca 0.3 1.0 1.0 1.0 Nb 0.01 O 0 0

Na 1.0 1.0 3.0 3.0 Nd O 0 0 0

K 3.0 3.0 3.0 1.0 Ni 0.001 0.001 0.001 0.001
Ti 0.03 0.1 0.1 .03 - 0.1] 0s O 0 0 0

P 0 0 0 0 Pb 0.001 0.001 0.001 0.001
Mn 0.01 0.01 0.003 0.01 Pd O 0 0 0

Ag 0 0 0 0 Pr O 0 0 0

As 0 0 0 0 Pt O 0 0 0

Au O 0 0 0 Rb O 0 0 0

B 0 0 0 0 Re O 0 0 0

Ba 0.003 0.01 0.03 0.03 Rh O 0 0 0

Be 0.00003 0.0001 0.0001 0.00003] Ru O 0 0 0

Bi 0 0 0 .0 sb 0 0 0 0

cd 0 0 0 0 S¢ O 0 0.0003 0.0003
Ce 0 0 0 0 Sn O 0 0 0

Co 0 0 0 0 Sr 0.003 0.01 0.01 0.03
Cr 0.0003 0.001 0.001 0.001 Sm O 0 0 0

Cs 0o . 0 0 0 Ta O 0 0 0

Cu 0.0001 0.0003 0.0001 0.0001 T 0 .0 0 0

Dv 0 0 0 0 Te O 0 0 0

Er 0 0 0 0 Th O 0 0 0

Eu 0 0 0 0 TL O 0 0 0

F - - - - Tm O 0 0 0

Ga 0.001 0.001 0.001 0.001 U o0 0 0 0

Gd 0 ' 0 0 0 v O 0 0 0

Ge 0 0 0 0 w 0 0 0 0

HE 0 0 0 0 Y 0.001 0.003 0.003 0.001
Hg 0 0 0 0 Yb 0.0001 0.0003 0.0003 0.0001
Ho 0 0 0 0 Zn O 0 0 0

In 0 0 0 0 Zr 0.003 0.01 0,01 0.01
Ir O 0 0 0




Table 3.--Rapid rock analyses, in percent, and specific gravity
: determinations of representative samples, USGS Tunnel
Site. Sample numbers correspond to bed numbers,
P. L. D, Elmore, S, D. Botts, and M. D. Mack, analysts.

Sp. G. (powder) 2.28

Sample : '
No. B-19b B-20 B-22e B-24£
810, 71,5 70.3 67.8 65.0
AL,05 - 11.4 11.8 13.2 13.4
Fe,04 . .83 1.7 2.3 1.9
FeO .04 .22 .02 .30
. Mgo | .22 .51 .52 1.2
0 .63 1.4 1.6 3.7
Na,0 1 1.5 2.1 1.4
K50 4.2 4,4 4.0 1.5
Ti0, 12 .20 .26 .30.
P,05 .00 .00 .00 .03
Mo .03 .03 .03 .04
v'uzo 8.8 7.4 6.8 10.6
Coy' .18 .09 15 .16
100 100 99 100
Sp. G. (lump) 1.68
2.26 2.31 2.24
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. UTabié é;f:Stratigraphiq section of Oak Spring formation,

Rainier Tunnel Area

(Description of units 8 and 7 taken from log of drill hole
No. 3. Description of unité é and 3 based 1arge1§ on str;tigfaphic
section measured and describedvby Ernest Dobrovolny, and J. M.
Cattermole.) |
TERTIARY

Oak Spring formation

Unit T038

Bed ' ' . A Thickness
No. _ Description » — gin fegt)
83 Rhyolitic welded tuff, pale red purple.

(5 RP 7/2--wet), Abundant phenocrysts

of sanidine, oligoclase, quartz, biotite,:

an opaque oxide, and rare augite in a.

groundmass of méderately compacted

devitrified ;hards; ‘Elongated cavities

as much as one inch long. Slightly to

moderately porous. Somé jointing and

staining along parting planes in first

10 feet; below 10 feet. rock is firm,

Gradational 1owé: contact o+ . o . tew o o 00 0 o o 28.0
82 Quartz-latitic (or rhyolitic) welded tuff,

pale red purple at top of grading downward

into mottled gray to banded, very dark

gray. At top-are 1argé angular to subrounded

fragments of tuff as much as 2 inches long
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Bed v Thickness
No, . : . Description ‘ {in feet)

and elongated cavities partly filled with
opal(?) and limonite., Toward bottom
fragments are smaller; caviﬁies are less
coﬁmon, white‘phenoctﬁsts are abundant
and there are dark bands of obsidian . . . . . . . 6.4
81 Quartz-latitic (or rhyolitic) welded tuff,
dark gray; About one-half of rock consists
of_phenocrysts of sanidine (much embayed),
andésine, biotite, quartz (a few embayed),.
opaque okide, and rare augite, - Groundmass
is cryptocrystéiline, feebly birefringent
~and crowded with tiny opaque trichite rods;
some suggestion of fluxion structure, but
‘could be true liquid flow. Sharp lower
‘contact. I B R 20.5
80 Quartz-~latitic (or rhyolitic) welded tuff,
grayish red purple (5 RP 5/2). Abundant
phenocrysts of sanidine, oligoclase-andesine;
' quartz, biotite, an opaque oxide, and rare
augite in a groundmass of compacted
devitrified shards. Prominent schlieren
(wavy lenses) and elongated flattened
cavities (some opal in cavities). Smaller
and less conspicuous schlieren toward base.

Locally fractured. .. . . P e e e s s s 0« . 156.0



Bed:

56

Thickness

No. =

.DescriptiOn.

79 Quartz-latitic welded tuff (5 RP 7/2), grayish

red purple. More friable and more fragments .

than above; spherulites. Many more cavities .

than above. Minerals‘are sanidine, qua:tz
and rare biotite; pumice fragments, dense,
brown inclusions (not quartzité). Abundant
white pumice schlierén, flattened;, less than
one-half inch lﬁng.H cha11y:fra?tured; less
caQities toward bottom.:«Gradationalvlowerv

Contact.. o" ¢« ‘e o ‘o.' 6. o o e o e o o o o o o

78 Welded tuff, light gray, pale violet tinge,

77

Unit Tds

76

fine grained, ' abundant flattened'pumice,
few angular dark inclusions, minor quartz .

and biotite., Gradational lower contact. . .

Quartz-latitic(?), welded tuff, light gray red

7

purple, abundant schlieren of pumice as much °

as 1% inches long, very flatténed; sanidine
phenocrysts, biotite, quartz, similar to

above but coarser. -Locally fractured. More

friable and-mqre eéSily broken near base . . . . .

Total thickness of beds 83 to 77. ; .

Tuff, granular, light brownish gray (5 YR 6/1).

Abundant fragments of pumice (as much as one

inch; mostly less than one-half inch) and ash

(in feet)

38.0




- e
Bed . o ‘ ~ Thickness |
No. = '_ N Description ~ (in feet)

shards; some fragments of obsidian. ' More

friable than above. Phenocrysts of sanidine,

very little bioﬁite, some quartz, littlé

limonite., Scattered étony volcanic fragﬁgnts. . e e | 28,0
75 Tuff, granular, moderate reddiéhtorangé

(10 R 6.5/5). Abundant pumice fragments

mostly less than one-fourth ihch (maximum

one-half inch); rare biotite, sanidiné,'some

quartz; large tan ffagments (devitrified

pumice) and a few sﬁall'dark_stoﬁy'fragments.

Grades to pale brown 12 feet above base and

to light brownish gray 8 feet above base.

Very friable 6 feet above base . . . . . . . . . . . 27.5
74 Pumiceous-tuffaceous sandstone, moderately |

light biown (5 YR 4.5/5); very friable.

Sand-size quartz grains,{pu@ice fragments,

altered biotite, feldspar(?). Grains -

subangular. Poorly sorted. There is a

dark Band (altered biotite?) omne-foot thick .

10 feet above base . . . . . . . . .. 0 LW .. 22.5
73 fﬁff, granular; loosely gemented, light~brown

(5 Y 6/4), fine grained. Abundant fine

~sand-size subanigular to subrounded quartz

and less abundant grains of feldspar in a

friablelchélky matrix. A few black.grains;_ 

Seams one-sixteenth inch or less of white chalcedony, . '10.0



Bed .
No. -

58

Description

Thickness

: (in‘fggt)

72

71

70

69

Tuff, granular, light gray to nearly white,
medium-coarse grained, friable. . Made up

. mostly of subangular to subrounded grains

(sand size) of quartz (probably predominates)

and feldspar weakly cemented with a chalky

binder.

pink, orange, . and lavender grains,

few places there are pumice and ash shards

In a

Scattered biotite and unidentified

and rock is lightweight‘ . L L . . . L] . . L] e .’ L4

Tuff, granular, light brown specked with white

(small pumice fragments) subangular to

subrounded quartz and feldspar; more abundant

biotite than above and relatively abundant

hornblende(?).

to clean sand above due to brown'chalkj

binder.

Appears "dirty" in comparison

Sharp upper contact . . . + ¢ « ¢ + & +

Tuff, granular, light gray flecked with black -

grains. Subangular to subrounded grains of

quartz, feldspar, minor biotite and hornblende(?),

very little binder . . .

e o o o s o

Tuff, granular, light brown flecked with white .

pumice,

Same as bed above except more friable;

gradational change to gray near base and more

abundant pumice. . .

.

.

231.0

10.0

0.5

78.5



Bed
No.

59

4 ‘Thickness
Description _(in feet)

68

67

66

65

64

63

62

Tuff;.granular;.light gray. Similar to bed above

except locally finer grained and generally-has

wore soft clay binder. . . » . . . . ... . ...  57.0
Tuff, graﬁular, light gray. Mostly sand-size

granular white feldspar, some quartz, scattered

biotite, quartzite fragments, Weakly.cemented .« .- 3.0

‘quf, granular, brown. Weakly cemented rounded

to subrounded grains mostly quartz and lesser

feldspars. féw small green grains, bibtite'

grains, an& a blaék unidentified mineral . . . . . 19.0
Tuff, granular, light gray. Mostly weakly

cemented clean rounded fine-grained quartz

and minor feldspar. Few small black grains. .« e e 6.0
Tuff, granular, light gray. Granular weakly

cemented sand-gsize feldspar (probably most

abundant) and quartz., Scattered biotite,

hornblende(?), scattered sand-size quartzite

fragments. Pumice fragments near top. . . + « o « 10.0
Tuff, pumiceous, light gray to nearly white.

Abundant fragments of fibrous pumice a?out

one-fourth to one-third iﬁch long. Phenocrysts

of feldspar and quartz, and scattered biotite.

Locally abundant rounded black grains., . . . . . . 35’0
Tuff, granular, gray to brown. Mostly weakly

. cemented fine-grained quartz, minor feldspar,
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Bed - ’ Thickness

No. . _ " Description . (in feg;)

subrounded to well rounded.‘ Some rounded

black 8rains . « « o o o o o o o o o s o o o s o o 2.5
61 Tuff, granular to pumiceous, light gray.

Pumice fragments one-eighth to one-fourth

inch long moderately abundant. Granular,

subrounded. White and clear feldspar and

quartz; scattered biotite, Fragments of

quartzite, sand-size and somewhat larger,

moderately abundant. Porcellanite layer

about 0.3 foot thick about half way up

from the base. . . v v o 4 ¢ ¢ ¢ ¢ ¢« v e e e 0 o 43.5
60 Tuff, light gray to nearly white. Granular,

subrounded, subangular, sand-size grains

of quartz and colorless (sanidine?) to

white feldspar held together with an earthy’

white éement. Small (mostly less than

one-eighth inch) fragments of white pumice

and sand-size to slightly larger brown

fragments of quartz. Scattered.biotité

and some small unidentified sﬁbrounded

black grains. Two inches of yellowish-green

porcellanite 16 feet above base. . . . . . . . . . 43.5
59 Tuff, gritty, light gray spotted with brown to

dark gray subangular to subrounded fragments.

Tuff is same as above except contains numerous
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Bed Thickness
No._ S ' Description . _(in feet)

brown dark-graj fragments of‘quartzité.
- Moderately sharp lower contact ; ... e o s o o s ’ 7.0

58 | Tuff, pumiceohs, light brown (with possibly

a rgddish or pinkish cast) specked with

white (pumice fragments). Very abundant

white fragments'of pumice mostly one-eighth

to one—fourfh inch long. Subrounded to

subangular, mostly sand-size quartz and

féldspér (clear and also whife). Much

more biotite than in bed above. Sand-size

fragments to fragments one-fourth inch of

brown to bluish gray quartzite. Some small

grains of yellowish green mineral and also

unidentified black grains. . « ¢« &« « s « « ¢ o o & 38.5
57 Tuff, yellowish green, chalky, fairly soft.

Abundant pumicé and ash shards; moderately

abundant quartzite fragments one-fourth to

one-third inch  long. Scattered feldspar

and rare quartz. Some scattered brown bands

similar toabove . . . . . . . 0 0 v 0 0 e e e e 10.0
56 Tuff, white to light gray, fine grained. . . . . . . 35.0

Total thickness of beds 76 to 56. . . 718.0

Unconformity
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Bed. : : | Thickness

No. K Description ‘ (in feet)
Unit T086
.55 ‘Tuff, welded, rhyolitic; mostly olive broﬁn to

purplish red. Lenticular, Many phenocrysts
of quartz and sanidine; scattered biotite,
rare red crystals (rusted olivine?) and clumps
of a.fine-grained opaque oxide in a groundmass
of compacted devitrified dusty shards.,
Scattered fragments of quartzite and volcanic
rocks. Elongated cavities and lenses of |
collapsed pumice and coarsely devitrified
zones. Rock is hard, comparatively heavy,

and stands in near vertical ledges. Locally,
basal part consists of 2 to 3 feet of nearly
black perlitic (rhyolitic?) welded tuff;
contains rare phenocrysts(?) of plagioclase
and quartz and xenoliths of quartzite,
granite, etc. in a gfoundmass of welded

glass shards with perlitic cracks along

which alteration has started. Local basal -
conglomerate, as much as 5 feet thick, and
consisting chiefly of quartzites and volcanic
TOCKS: o v v o o ¢ o o o o o o o o606 s o o o o o o 75.0 (max.)

———

Total thickness of bed 55 5.0

T~

Unconformity
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Bed =~ . ° ' _ Thickness
No. . S _ Description ‘ (in feet)
Unit Tosg

54 Tuff, yellowish green to greenish gray,:

pumiceous; well bedded. A few resistant

bands contain scattered fragments as much

as one inch long of volcanic rocks and

quartzites . . . . . . 4 4 4 e 4 s e e s e s .‘. : 17.2
53  Tuff, yellowish green to greenish brown,

pumiceous; medium to coarse grained,

well bedded. Lightweight because of

high POrosity. . « v v v v v v v o 4 o o o o v o . 25.2

52 Tuff, pale-moderate yellowish green

(10 Y 7.5/3). Generaliy fine grained,
moderately well bedded (beds are a few
inches to about 4 feet thick). Fine

sugary texture; numerous bands, ea#h

about 0.5 foot thick that contain nﬁmerous
dark-brown fra.gments of quartzite mostly
less than one-eighth inch'thick. Abundant
to moderately abundant altered ash shards,
pumice and obsidian, only sparse phenocrysts

of quartz and feldspar . . . . . . . .. .. ... 35,6

Total thickness of beds 54 to 52 98, 0%

*Probably because of the unconformity at top of unit, thickness of

unit ranges from about 98 feet to 125 feet in mapped area.
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Bed . - Thickness
No, - . - » Description (in feet)
Unit Tos4

51 Tuff, mostly light gray but pink bed at base

and at 7.5 feet above base. Fairly fine

grained, pumiceous, fairly massive . . . . . . . . 18.0
50 Tuff, yeiiowish greén. Abundant brown

fragments of quartz and pumice fragments . . . . . 2,0
49 Tuff, mostly light gray but with thin

stringers and mottlings of pink (pihk
at top). Abundant pumice. . . .+ 4 . . o . . . .. 7.0
48 Tuff, pink (light at bottom). Abundant

pumice fragments. Scattered quartzite

fragments and obsidian(?). . . . 4 4 . . . . . . . 13.0
47 COvered. v v v v o v o o 4 e e e e e e e e e e e 2.0
46 Tuff, gritty, yellowish green. Abundant

quartzite and pumice fragments . . . . . . . . . . 1.0
45 Tuff, light pink, pumiceous; scattered

quartzite fragments} o o e e e .'f e e e e e e 4,0
44 Tuff, yellowish green at base (especially

lowest one foot) grading up_intb greenish
gray. Very pumiceous in basal part.
Moderately well bedded. Scattered fragments
. of quartzite up to one~half inch becoming
fairly gritty 3 feet from top. « + ¢ « « &« & + « & 15.0
45 Tuff, pumiceous, pink mottled with white.

Quartz and feldspar phenocrysts moderately
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Bed
No. ' Description

Thickness
(in feet)

abundant and scattered to rare biotite, amphibole,
and an opaque o:gide° Abundant white altered
pumice fragments éommonly one~-half inch but up to
1% inches and altered ash shards. Scattered
obsidian and quartzite fragments, Bed is soft
(breakg easily), punk& and lightweight. Upper
part is gray with pink mottling (blebs of pink
0.3 to 0.8 feet long). Red at tﬁe base.
Gradat;onal upper contact. White bed at about
21 feet at break in slope. (Bed 24 b of USGS
Tunnel area) . ..o ¢« ¢ « « o ¢« o ¢ o o o o o o o o
42 Mostly covered. Tuff, light gray. Pﬁenocrysts
of alkali and plagioclase feldspar moderately
abundan;; scattered quartz, biotite, and an
opaque oxide, Abundant altered puﬁice and few
fragments of altered ash shards and obsidian;
some qua;tzitevfragments; only lower 2 feet
EXPOSEd: v + 4 4 e 4 e e e e e e e e e e e e s
41 Tuff, light gray, fairly massive. Abundant
pumice fragments‘especially in basal part.
Indistinct pink bed at 8‘f¢et above base.
Gritty bed aboqt 0.5 foot starting at 11.5
feet abovg base, greenish yellow, resistant;
quartzite fragments up to one-half inch.

(Correlates with base of bed 24 a at USGS

Tunnel area .) e o e e o 86 s e 6 & & & e e o s & o o

35.0

17.0

12,0
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Bed | | Thickness
No.’ o ' ' ‘ Description (in feet)
40 Mostly covered. Two beds exposed‘between 10

to 15 feet above base (lower pumiceous;

upper porcellanitic). Pink bed about 16

feet abOVe DASE. . v v 4 4 4 4 4 4 4w w w e e .. 40,0
39 Tuff, light gray, generally mas#ive'pumiceous.

Top forms good bench 50 feet wide., . . .'. e e e s 10.0
38 Tuff, light gray, massive, fiﬁe grained and |

dense at base. Two feet thick pink pumicedus

bed starting at 10vfeet above base . . . . . . . . 12.0
37" Tuff, light gray at base with pink bed at 10

feet above base; well bedded especially

near top. Pumice fragments. Gritty at

about 10.5.feet above base . . . . . .. .. .. 16.5
36 Tuff, pale'pihk. Pumice fragments; somewhat

porcellanitic., . . . ¢ & ¢ ¢ ¢ & ¢ ¢« ¢ ¢ o o ¢ o 1.0
35 Tuff, light gréy, coarser grained than below |

with pumice and quartzite fragments locally

up to one-half inch. Rougher surfacé than

below. ¢ o ¢ v ¢ ¢ ¢ ¢ o 0 o eie 4 e e 0 e e e e 7;5
34 Tuff, light gray except for 2-inch thick pink

band at 5.5 feet and 12.5 feet above base (3

inches thick). Dense, hard, generally massive

with small quartzite fragments at top. Pink

bed at 12;5 feet above base has small black

obsidian fragments and small pumice fragments. . . 12.5
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Bed ‘ ‘ Thickness

No. - ‘ Description ' ‘ (in feet)
33 Tuff, poféellaniticgvyellowish green, gritty,

‘well bedded. Abundant cemented pumice and

quartz fragments . . . . . . . c e o e e e e e e 10.0
32 Tuff, light gray. Abundant fine-grained pumice. . . 12.0
31 Tuff; pink. Soft and pumiceous., Moderately

abundant quartzite fragments . ; R L.5
30 | Tuff, light gray, generally.fine grained.

Small pumice and qﬁartzite fragments . . . . . . . 4.s
29 Tuff, pink. Abundant pumice and quartzite

fragments. Gfadétional lower contact. . . . . . . 1.5
28 Tuff, light gray; abundant pumice and moderately

abundant large quartzite fragmen;s {up to 1

inch). Scattered pumice fragments ﬁp to'3

inches. Yellowish-green blebs (devitrification).

Two to 6 inches of pink 12 feet above base.

Some pink mottling (blebs 6 inches long) about

17 feet above base . . . . .« ¢« . ¢ ¢ 0 0 o e e . 28,5
| Total thickness.of beds 51 to 28. . . 283.3

Unit T_os3

27 Tuff, pink at base grading to red at top. Large
fragments (commonly 1 to 2 inches and up to 4
inches) of pumice and elongated black obsidian.

Obsidian commonly rimmed with white haloes and

white in places has rind of black. Some

shark-tbofh-shaped black fragments, scattered



. Bed
~ No.

68

Description

Thi.ckness
(in feet)

B

quartzite, Pumice more abundant in lower part
‘which is softer and more erodable. (Bed 20 of

USGS Tunnel area). . v o & o o o v o o o o o o o

26 Tuffaceous sandstone, salmon red and purple,

locally cliff to ledge forming, locally

éoarse grained, beds t 2.0 feet thick. . . . . . .

25 Tuffaceous sandstone, buff, mottled purple,

thin bedded. * o .« o ¢ e ¢ s s s s s s e s e o o

24 '~ Tuffaceous sandstone, brick red to buff with

Unit Tos

2

some purple, locally well bedded, locally
massive. Distinctive feature of bed is

presence of channel and truncation by higher
beds.. Some of the channél fillings appear to

be mudflows. (Bed 14 of USGS Tunnel area) . . . ;

Total thickness of beds 27 to 24. . .

23 Tuffaceous sandstone, occurring in beds 0.1 foot

to t 1.0 foot thick, well bedded, alternating
bands of buff and purple, but most beds are
buff. ‘Local conglomerate beds with glassy

pebbles less than 0.1 foot in diameter.

~Alternate ledge and recessions t 2,0 feet

thick. Clay fragments, buff with mottling in
purple beds. Local strike N, 73° E., dip

420 No o o o o ‘o . e s o o ‘0’40 » ® & e o s o o o

35.5

11.7

18.7

34.3
101.4

36.5
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o 21

Bed . Thickness
No.- Description . (in feet)
22 Tuff, buff with some lavender; well bedded; beds 0.1
to 1,0 foot thick., Locally upper &4 fee£ pale purple. . 8.9
,  Tuff, buff; massive coarse. . . . . ce e - 2%
20 Tuffaceous sandstone, coarser grained than Bed 19,‘
Purple and buff_béds + 0.1 foot thick . , . . . ; e o s 2.5
.19 Tuffaceous sandstone, well bedded, thin bedded,
weak, forms undercut. Lower + 0.1 foot is
dense, fine grained red bed. Locally absent,
Weathers to shélelike chips. Local channel
or "pot hole" fillings. Above lowest 0.1 foot ’
bed is a ¥ 0.2 foot of coarse grained |
SandStone . . + « 4 4 4 4 4 e e e e 0 w00 e ... bl
18 Tuffaceous sandstone, mottled lavender to buff;
sharp contacts. + . « « o« o « o« o « . J - X
17 Tuffaceous sandstone; brick red to salmon,
pliff forming in many places, local 1ense$
and rolls, massive, occurring'in beds_O._S_
to 2.0 feet thick . . . . . . . ¢« ¢ . ¢ o o oo o . .91
16 Tuff, mainly concealed; probably a light-éolored
crossbedded tuffaceoﬁs sandstone. . . . . . . . . . . . 14,0
15 Tuffaceous sandstone, red mottled; glassy grains
_ énd tuff; crossbedded. Locally conglomeratic
with pebbles of obsidian and glass, e e e e .'. . . 5.1'
14 Tuff, buff with red lenses; soft, thin bedded.

Also pink beds with~buff stringers, crossbedded.



70

Bed _ : Thickness

No. ~ , ; Description ‘ (in feet) .
Locally disseminated angular fragments of
obsidian and tuff up to 1% inches in greatest

observed diameter. Sandstone, yellow at top

o ¢ T 8 7.7
13 Tuff, pink to red; thick-~bedded, slightiy
| crossbedded. . . . . . ... o000 e .. 2.9
12 " Tuffaceous saﬁdstqne, pink, crossbedded,

lénticular, lower 1.7 feet is dense,

cryptocrystalline red tuff . , . . . . . . . + . . 14.0
11 Tuff, light gray to buff; some one-eighth |

inch greeniéh minerai, soft and earthy.

Lower T one inch vertically fractured

with joints crossing bedding plane, pink

tO red ‘e & e s e e s e 6 e o s s s s s s s s o & o . 3v7

Total thickness of beds 23 to 1l1. . . 118.6

Unit Tos1

10 Tuff (intermittently exposed). Just above
base is a thin-élabbed brown float of dense
very fine grained tuff (bed location not
known definitely but tuff is quite distinctive),
One bed exppsed about midwaf in section is
very dense, dark red, At top is about 5-foot
ledge of reddish brown tuff; has abﬁndant

altered pumice, and ash shards, some obsidian

fragments, relatively abundant phenocrysts of
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Bed - S ' Thickness
No. = - _ : » , Description (in feet)

feldspar, some quartz and an opaque oxide.

Porous Structure . . . o« « o ¢ o o o o s s o o o o 19.0
9 Tuff; pinkish red at base to red at top,

generally fiﬁe grained, ‘hard. Plentiful

golden brown biotite and cream-colored

(some yellowish green) blebs of sugary

material (altered pumice); also quartz

and sanidine(?). . . ¢ « . . . o 0 e 4 b e e e . . 3.0
8 Covered. Ll L3 * * L] . ° * . - Ll L4 * o L] L] L] . L) . L . 27 ] 0
7 Tuff (intermittently exposed), purplish red,

generally fine grained, well bedded (bedding

planes commonly one-fourth to one-half inch

apart). Contains abundant golden=-brown

biotite and cream-colored altered(?) pumice

fragments. Also contains quartz and

sanidine(?). . . . ¢ . ¢ 4 v v e b e e e e e e oo 10.0
6 _ Tuff, orange red, demse, fine‘grained,

generally massive; phenocrysts of plagioclase

and alkali feldspar, scattered quartz, biotite

and limonite blebs. Moderately abundant

altered pumice and ash shards; scattered

altered obsidian; scattered foreign fragments,

Forms conspicuous ledge. . . . ¢ ¢ ¢ ¢ ¢« ¢« ¢ o o 12,0
5 Covered. Twenty-five feet above base is indistinct

bench covered with cream-colored granular float.



Bed Thickness

No. Description (in fegtl
About 40 feet above base and continuing up to
top of covered unit is a cream-colored float
'consisting of fine-grained tuff coﬁtaining
small subangular fragments bf dark gray quartzite . - 68.0
4 Intermittently exposed. Similar to below but
somewhat finer grained and no conspicuous rounded

aggregates on weathered outcrops. Some small,

less than one~eighth inch, pumice fragments. . . . 35.0
3 Covered but float seems to be same as below. . . . . 15.0
2 Tuff, silicified; pale red purple (5 RP 6/2),
. coarse grained,. well bedded. Weathers to

conspicuous rounded aggregates less than

one-fourth inch in diameter. Few thin Qense

fine-grained beds less than one foot thick.

Good ledge former, . . + « & 2 o o a o o o s o o o 15.0
1 | Basal conglomerate. Abundant subangular fragments

less than one inch of Paleozoic rocks (light

blue limestone, argillite, quartz). Cdnglomerate

is local and probably fills channels . . . . . . . 5.0

Total thickness of beds 10 to 1 ', . . ggo9.o

Total thickness of Oak Spring formation 1,875.2

Unconformity

- DEVONIAN

Nevada limestone
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Table 5-~Log of Rainier (UCRL) Drill Hole No. 1
| By W. L. Peterson .
(Petrographic work by R. E. Wilcox)

Interval ‘ ' | Depth
No. _ _ Description (in feet)

~ Overburden, no core. . . . . e e B ) !
Unit Tosy ‘

1 Tuff, rhyolite(?). Pale pinkish gray. Composed‘

of gray, white;baqd piqk ash shards commonly

less than one-sixteenth”inch in diameter.

Scattered fragments one-eighth to ome-fourth.‘

Scattered biotite, quartz(?)‘and feldspar(?j.

crystals less than one-eighth inch in diameter.

Scattered small fragments of quartzite(?).

Porous, somewhat friable. Hard greenish ‘

porcellaneous knots at 62, 62.5, 67.5 feet. At

65.5 feet, 2-inch bed of soft white coérse-grained

pumiceous tuff with quartzite fragments. Contact

gradational over 4 inches. . . . . . . . . . ¢ . . 61vf 71
2 Tuff breccia, rhyolite(?), pale pinkish gray. Matrix

of fine-grained ash including scattered biotite,

quarfz and feldgpar. Numerous white pumice

‘fragments ana fragments of quartzite one-sixteenth

to one;half iﬁch:in diameter. Firm, porous,

Contact gradational over one inch. . . . . . . . . 71 = 73
3 Same as Unit 1. Hard, greenish porcellaneous |

knots at 73.5 and 74 feet., Contact sharp. . . . . 73 = 75.5



o o

Interval ‘ Depth
No. . : Description (in feet)
4 Tuff, rhyolite(?), pinkish white mottled with

pale green. Matrix of fine-grained ash and
séattered‘crystals of biotite, quartz, and
feldspar. Numerous pink and white earthy
cinders oné-sixteenth to oné-fourth inch

in diameter. Numefdus pale green pprcellanéous
fragments oﬁé-eighﬁh to one-half inch in
diameter. Scattered quértzite f:égments less

;hah ong-fourth inch in diameter. Rock is

~ generally hard and porcellaneous.A'Qontact

. 4 ' A - ‘gradational over 2 inches. . +« « + ¢ &+ « 4+ o 2 « 75,5 - 76.5
5 Similar to Interval 1. . . . o o ¢« ¢ o ¢ o s o« o o & 76,5 - 85.5
6 . Similar to Intérvai‘z excepf matrix is light

' reddiéh brown._, e o s s o & s 4 o o .4 s s e o s o 8.5 -287.0
7 - Tuff, rhyolite(?), soft whité earthy matrix of

altered pumice cinders. Matrix contains |

scat#ered colorless érystals and biotite less

than Qne-sixtéenth inch in diameter. Fragments

of q;arfzite.one-sixteenth to éne-half inch in
diameter.scattered through rock. Core is very

- soft and friaﬁle. Contact gradational over

6 inCheS e o o e o & & o 8 e e & * e. 8 o o s o o o 87.0 - 8805

8 Similar to Imterval 2. Rather sharp lower
‘ ) - contact. - L] L] L[] . L] L] L] . A. 0 L] * " L] . .. 0. l. L] . 88.5 - 89'5
9 Siﬁilar to Interval 4, G;adational lower

Contact. . o. e e e o o o o e e e o o & o o 2 s e » 8905 - 92.0
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Depth’

Interval .
No. = - Description (in feet) -

10 Tuff breccia similar to Intervai 2‘_ Rather

Sharp contact. « o « o o ¢ o o o 6'¢ o o o o o & ; 92.0 - 95.5
11 Similar to Interval 4q Contact gradatioﬁal

over ome inch. . . . . . Gt e e e e e e e e e v . ..95.5 - 96.5

12 - Similar to Interval 1, Gradational contact. . . . . 96.5 - 99.5

t

13 Similar to Interval 4. Gradational contact. . . . . 99.5 103.0

112.5

14 Similar to Interval 7. Gradational'contact, . < »  103.0

15 Similar to Interval 4. Sharp contact. Bedding

attitude is 9° off of normal to the core axis. . 112.5 - 116.0
16 Tuff, rhyolite(?), fine grained, grayish pink.

Matgix of earthy'material with colorless

- crystals and biotite commonly less than

one-sixteenth of an inch in diameter, Numerous

white earthy angular pumice fragments one=-

sixteenth to one inch in‘diameter. Few

fragments of quartzite ome-eighth to one-

half inch. White fragments become larger

toward bottom. Firm. Sharp contact . . . . . . 116.0 - 119.0
17 ‘Similar to Interval 4. o o o ¢ v v v i o o o o o . 119.0 - 119.5
18 Similar to I;terval 2. Tuff breccia, grayish

pink with large white fragments. White

fragments make up 30 to 60 percent of rock.

Soft but commonly cannot be broken by hand.

.Gradational contact. « « ¢ o s o o o o o o o o o 119.,5 - 128.0
19 Similar to Interval 16, Gradational contact.

Sample tal{en at 134 feet 6 o o- s s o o o‘ o o e e 128.0 - 143.5
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Interval Depth
--No. Description ‘ 4 (in feet)
20 Similar to Intervél 19 except friable, can be

broken by hand. Contaiﬁs bigger percentage of
&hite fragments than unit 19. Gradational
1OWET COMEACE. + v v v o v o v v o w v o v v v . 143.5 = 147.5
21 Tuff breccia. Matrix of white earthy material made
of faintly discernible fragments one-fourth to
one-half inch in diameter. Matrix includes some
colorlessvcrystals less than one;sixteenth inch
in diaméter. No biotite., Some dark brown stains
less than one-sixteenth inch in diametgr. Frag-
. ments of angular quartzite one-eighth to one-half
inch in diameter‘scattered through rock. Soft but
cannot be broken by hand. Sharp contact , . . . 147.5 - 151.0
22 Tuff (similar to Interval 4);~rhyolite(?). Whit e,
very light gray, ﬁhite mottled with pale pink. Matfix
is earthy to porcellaneous. Material of faintly
discernible fragments one~eighth to three-eighths
inch diameter, some flattened with bedding. Matrix
cont#ins scattered colorless crystals less than one-
sixteenth inch in diameter and irregular dark brown
stains less than one-sixteenth inch in diameter.
Fragments of quartzite scattered through rock one-
sixteenth to one~half inch in diameter. As a whole,
. . rock is porcellaneous, hard, and firm. Several
precore fractures at 62 feet. Coﬁtact sharp.

Sample taken at 154 feet . . « + « « « ¢+ + &« . o 151,0 ~ 165.0
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Interval Depth
No. : . Description (in feet)
23 Tuff breccia (rhyolite?), grayish pink groundmaés.

Fifty'to 75-percent of rock composed of white
earthy angular fragments one~sixteenth to one
inch in diameter. Scattered quartzite frag-
ments one-sixteenth to three-fourths inch in
diameter. White pofcellaneous'bed at 170 to
170.5 feet. Several pores one~thirtysecond to
one-sixteenth inch thick and 1 to 2 inches long
in white bed. Core too broken up to observe
contact. « +« ¢ ¢ 4 ¢ 4 ¢ 4 s 6 e 4 e o a4 o o . o 65,0 - 173.0
24 Sandstone, light brownish gray, medium grained, | |
generally well sorted. Composed of.angular to
subangular colorless grains, tan to red brown
translucent grains (may be in part limonite
stained quartz), and black opaque grains.
Scattered fragments of quartzite, quartz, and
tuff one-sixteenth to one-fourth inch in
diameter, Appears to be cemented withkthin films
of white matgriai which is probably altered ash
(clay). Massive but faintly bedded on minute

scale, Bedding attitude inclined 15° to normal

to core axis at 177 feet (may be crossbedding).
Numerous fractures, some cemented with brown
clay. 1In places rock appeafs to be sheeted on
minute scale, paraliel,to core. Rather friable,

can be broken in places with fingers. Probably
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Interval ; Depth
No.. : ‘ ‘ -~ Description (in feet)
24 reworked from tuff, either wind or water

(cont!') ' i :

- deposited. Sample taken at 176 feet., (Note:
below 184 feet core is rather scattered in
boxes; 4Core seems to be missing from 184 t6
108 £eeE.) 4 h e e e e e e e e e e ... 173.0 - 1844
25  (Depths may be off 10 feet.) Apparently tan to
| gray tuff breccia and'éonglqmergﬁic sandstone
(the pebbles beiﬁg of tuff). . . . . . .+ . . . 198.0 - 215.0
Unit Tosg | ‘
26 (Depths may be off 10 oﬁAmore feet.) Welded tuff,
' , dense dull red groundmass w:i_,th blaék schlrieren
| éne-fourth to 2 inches long and Qne-sikteenth
to one~half inch thick. Scattered black angular
fragments with‘white haloes.‘ éome gngular to
rounded white earthy fragmepts.‘.Small percentage
6f core has gray g:oundmass. cht;gred crystals
~ feldspar and quartz. Schlieren consistently
inclined fo core but angles not consisfent. Sample
taken at 220 feet. Descriptionof thin section of
§amp1e: rhyolitic welded tuff containiqg scattered
phenocrysts of quartz and alkali feldspar, and
fare biotite. Rock fragments are collapsed
masses of pumice, devitrified and marginally
. | - stained with hemai:ite, and scattered masses of
foreign rdcks such as siliceéus‘shales and quartz-
ites. Groundmass is qomposed of devitrified shards,

mnerh commarted  imhrirated ‘r.md welded, 219 0 - 236,0
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Interval . ' Depth
No. . . Description. : e (in feet)
27 (Depths here are not reliable.) Tuff, gray to

tan. Coarse grained; some black schlieren,
some of which appear to be obsidian. 1In

part tuff erCCia. o & © o o .o . ‘vo s o o o o o 23690 ". 250.0
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Table 6-~Log of Rainier (UCRL) Drill Hole No. 2
By W. L. -Peterson
(Petrographic work by R. E. Wilcox)

Interval ‘ ' : : Depth
No. _ , Description (in feet)

Overburden, MO COTE. v o« « o. ¢ o o o o « o o« o o o« » 0 =12

Unit Tosy o
1 Tuff, rhyolite(?), composed of pink and white garﬁhy

fragments, one-sixieenth to three-sixteenths of an

inch. écattered'biotite less éhap one-sixtgepth

inch, minor quartzite fragments. Rather friable.

.Sharp confact... . e s e ;.... .« e e e .v. . . .. 12,0 - 13.5
2 Tuff, rhyolite(?), matrix of pale greenish yellowl

o (10 YR 8/2) to white (N 9) earthy fragments one-

sixteenth Eé threg-sixtéeﬁths inch in di;metef.

One-sixteenth to énefféurth inch fragments of

gray and brown quar;zifé; and_dgnse volcanics,

minute flecks of b;otite. Firmf Wavy, sﬁarp

CONtACL. & o « ¢ 4 + & o o o 4 ¢ e 4 s o o o o o 4 13,5-14.5
3 Tuff, rhyolite(?), fine grained, grayish orange

pink (5 YR 7/25 matrix., Numerous white fragments

up to tﬁree-foﬁrths inch, Scattered biotite and

quartz crystals less than one-sixteenth inch,

sbme feldspar crystals less than one-éighth

inch; some minﬁte black crystals (hornblende?).

Some quartzite fragmgnts less than one-sixteenth

inch, Firm. Gradational contact. . . . . . . . . 14.5 = 17.5
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Interval : | | Depth

No, . —— . Description — I _(in feet)
4 Tuff, rhyolite(?). Matrix in upper foot is

- grayish oraﬁge'pink (5 YR 7/2), below is
white to very light gray.’ Nuﬁerous white
earthy'fragmenté'up to three;fourths inch;
scattered biotite_(usqally minute but up to
threersiﬁtééntﬁswiﬁch)g‘some:feldspar and
ﬁuartz'crystals_and qﬁarfzite fpagments;,
Firm. Sharp inclined contact. . . . . . . & . & 17.5 = 24,5

5  Tuff, rhyolite(?). Fine grained, grayish
|  'orang§,pink & ¥R 7/2)'matri2 ‘pale reddish
brbwp (10 R 5/4) fromu26.0 to.26.5.feet.h
Scattered whitetegrthy fragments up to three-
eighths inch; small biotite and quartzite
fragments; quértz and,feidspar'gr?sga}s‘lgss

than one-sixteenth inch. Firm . . . . . « « « o 24.5 = 26,5
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Interval - ‘ ' Depth
_No.. :. — » Desgription _ (in feet)
6 Tuff, rhyolite(?) grayish orange pink

(10 YR 7/2) to light brown (5 YR 6/4).
Fine-grainéd matrix of altered ash with
some colorless crystals andrare biotite less
than one-sixteenth inch in diameter. White
to grayish yellow angular to rounded pumice
fragments one~sixteenth to one~half inch in .
diameter composes 30 to 50 percent of rock.
Scattered quartzite fragments. Eirm.
Gradational contact. Sample'at'38 feet,
Thin section of sample shows crystalsltp be
of quartz, alkali feldspar énd plagioclase
with some biotite and amphibole and ﬁinor
opaque oxides. The matrix is composed of
aitered shards with .lesser al;e;ed pumice
and some perlite and obsidian., . . . « . . . .+ . 26.5 = 50,0
7 Tuff breccia; yellowish gray. Composea almost
entirely. of coarse pumice fragments, one-
eighth to one inch in diémeter.. Some
scattered quartzite fragments. Soﬁe
small colorless crystals and biotite.
Fragments cemented by films of brown clay(?).

Fi?.'m. Sharp ContaCt e o e e o o o e s o o e o o 50.0 - 54.0



83

Interval ' Depth
No.. ‘ _ , Description _ B . (in feet)
8 . Tuff breccia, pale greenish yellow. Composed

almost entirely of pumice fragments varying
ip color from pale greenish yellow to light -
greenish gray, one-eighth to three-fourths
inch in diameter. Thinly scattered quartzite
fragments and colorless crystals. Friable,
Very lightweight. Firm grayish orange pink -
bed at 64.5 to 65.5 feet. Apparently sharp
contact. Sample at 59 feet. Thin section of

sample shows crystals to be composed of alkali

feldspar with minor qua:ug plagioclase, amphibole

and.opaque oxide. The matrix is composed

almost entirely of pumice. . . . . . . . ; e « o o 54,0 - 75,0
9 Tuff. Very fine grained; grayish orange pink

with few scattered white fragments. Denée.

Sharp contact. . « « ¢ « ¢ « & L I 75.0 - 76.0
9a -Tuff, rhyolite. Fine grained, grayish orange pink

(10 YR 7/2) to light brown (5 YR 6/4) matrix of

altered glass with some colorless crystals and rare

biotite less than one-sixteenth inch in diameter.

White to grayish yellow, angular to rounded pumice

fragments, one-sixteenth to ome-half inch ih

diameter composes 30 to 50 percent of the rock.

Scattered quartzite fragments. Firm. - Gradatiomal

ContaCt. e @ o o o o o o 0 e o e o & s s o s e o o 76.0 - 8‘500
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Interval ' . Depth
No. _ Description — ~(in feet)
10 Sandstone, medium grained. Well sorted. Very

pale orange (10 YR 8/2). Composed of colorless

and black crystalline grains and tan, brown,

and white earthy pumice grains. Scattered

white pumice fragments one-sixteenth to three-

eighthé inch in diameter. Generally massive -

but bedded on minute scale in parts, bedding:

rather irregular. . Probably water or wind

 deposited. Sharp contact. Sample at 92 feet.:

Thin section of sample shows crystals to be of

alkali feldspar with some quartz and plagioclase

and minor opaque oxides, Ash shards are

composed of altered pumice and shards with

lessef altered perlite and obsidian. . ... . . . . 85.0 - 97.0
11 Same lithology as Interval 8, Sharp conéact .« e e e 97.Q - 100.0
‘12 Tuff breccia, grayish yellow (5 Y 8/45. Dark

~ yellowish orange (10 YR 6/6) from 106 to 107 feet

and 103 to 105 feet. Composed_of'pumiqg fraggents

generaliy one-eightﬁ to three-fourths.;nch in

diameter. Scattered fragments of qua;tzite genefally

less than one-eighth inch in diameter. Although firm,

rock has earthy appearance as though much altered

to clay. Core is.broken into short‘segments. Orange

zoneé friable. Gradational contact. Sample at

122 feet. Thin section of smaple shpws crystals to

H

be of alkali feldspar with some quartz and
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Interval ' Depth
No. _Description , (in feet)
12 plagioclase and minor opaque oxides. The

(cont'd)

matrix is composed of altered shards and
- pumice with altered perlite and obsidian ; .- o e 100;0 - 125.0
(Unit T°g6 lacking frbm this drill hole)
Unit Tosg |
13. Tuff, grayish yellow-ﬁo yellowish gray.
» Composed of pumice fragments flattened
across core at small angle to normal.
Scattered through roék are fragments of
crystalline rocks up to 1.5 inch in
diameter. Whole rock speckleé.with small
manganese(?) stains, Rock_hard and firm
but wiph eaéthy‘appearance. Contact
.gradational over several inches. . . . . . .. . 125.0 - 127.0.
14, Similar to overlying unit but with fewer

fragments of crystalline volcanic rocks. . . . . 127.0 - 134.,0
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Interval . - _ Depth
" No. Description . (in feet)

15 Tuff breccia, yellowish gray (5 Y 8/4) with dark
fragments. Composed of mixture of yellowish
gray and dark gray'pﬁmice fragments ffom one-
eighth ﬁo three;fourths inch in diametér. Dark‘ ‘
fragments usually larger than light ones.
Yellowish gray fragments more aitered and
composed of probably 80 to 90 percent of rock.
Between 134 and 145 feet rockvig generally‘
friable, below firm; General earthy appearance.
Three-eighths inch thick sand of dark minerals
at 145.5 feet inclined to 22° to the normal to
core axis. Several thin sand laygrs between

154 and 15505 feet L] L] L] . L] * L] O . . . L] . L] . 134.0 - 161 .0
16 Tuff, gfayish yellow; much altered. Probably

originally composed of pumice fragments one-fourth
to three foﬁrths inch in diamgter; Noﬁ a yelléwish
‘gray earthy material with originai fragments faintly
discernible in parts. Scaﬁtered through rock are
fragments of dark dense rock usually less fhan one-
fourth inchvin diaﬁeter, probably in part quartzite.
From 161 to 212 feet cére is mgch broken and in
pért‘friable. Sharp contact. Sample at 212 feet.
Thin section of sample shows crystals to be rare,
those present are alkali feldspar, quartz and
plagioclase. The matrix is composed of altered

pumice with some obsidian and perlite and

rare Shards. e ¢ o s e o o o o o v'q e s ® e o s o 161.0 - 24300
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Depth

Unit Tosy,

Description (in feet)

Tuff, fine grained, white to gra&ish orange pink.
Composed of altered tuff fragments usually less

than one-eighth inch 1n'diam5ter with scattered
colorless crystals and biotite less than one-
sixteenth inch in diameter. Scattered

quartzite fragmentsusually one-thirtysecond to
one-eighth inch in diameter. G;ayiéh orange

pink above 262 feet, white below. Rock firm.
Gradational contact. Sample‘at‘265 feet. Thin
section of the sample shows crystals to be of
quartz and plagioclage with minor alkali

feldspar, biotite énd opaque oxides. The matrix

is composed of altered pumiée agdAspa;ds with

some altered obsidian and perlite. . . . . . . . 243.0 - 265.0
Tuff, white to moderate pink. Fine-grained matrix |
with scattered white pumice fragments one-sixteenth
to one-haif inch in diameter. Few scattered
quartzite fragmgnts one~-eighth inch. Scattered
bibtite and colorless crystals in matrix. Rock

is firm. Good core. Pink from 275 to 295 feet,
rest is white. Sample at 283 feet. Thin section
of the sample shows crystals to be composed of
plagioclase with some quartz, alkali feldspar,

biotite and opaque oxides. The matrix is composed
of altered pumice and shards with a little

altered obsidian and perlite . . . . . « « . . . 265.0 - 305,0
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Interval : Depth
No. v Description (in feet)

19 Tﬁff breccia, pale greenish yellow. Composed of
pumice fragments ranging from ope-eighth to
one-half inch in diameter. Scattered quartzite
fragments. Pumice is much altered with earthy
appearance . . . . . . ; c e e e e e e . 305.0 = 314.0

20 Tuff, pale greenish yéllow (10 YR 8/2) to grayish
yellow (5 Y 8/4). Composed of alteredlpumice
fragments usually less than one~sixteenth inch
but ranging up to one-fourth inch in diameter.

Large percentage of roék composed of colorless

'crystals and small grains of quaftzite, up to

50 percent or more in parts wheré_rock resembles

sandstone. Probably in part water worked. Firm. 314.0 - 321.5

21 Tuff (in.part tuff breccia), grayish brange pink
(5 YR 7/2). Moderate reddigh brown (10 R 4/6)
from 353.5 to 361 feet. Color is gradationg}
generally becoming deeper red downward. Fine-
grained matrix of pumice and colorless crystals
with coarser white pumice fragments and quartzite

(usually onéusixteenth to three-eighths inch in
diameter) which make up 30 to 60 percent of the
rock. Gradational contact over 3 inches. Firm
rock. Correlates with bed 24b of USGS Tunnel

area (WRH). Samﬁles at 356 and 336 feet. Thin

- gection of sample from 336 feet shows crystals
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Depth

Interval
‘ No Description .. ..(in feet)
21 of quartz and plagioclase with rare alkali’
(cont'd) ' ' :
feldspar. The matrix is composed of altered
shards and. pumice with some altered obsidian -
and perlite. Thin section of sample from
356 feet shows crystals to be of quartz with -
some alkali feldspar and plagioclase. The
matrix is composed of altered pumice and shards
with some altered perlite and obsidian . . . . . 321.5 - 361.0
Tuff; predominantly white,'small percentage pink.

22

Fine to medium grained. Commonly composed of

 altered pumice one-sixteenth to one-fourth inch
in diameter with colorless crystals and rare

'biotite less thén one-sixteénth inch in diameter.

Scattered quartzite fragments. Pink layers at’
398 to 400, 444 to 447, 470.5 to 471, 480 to 480,5,
513 to 514, 523 to 524, 547 to 548 feet. Top of

red bed at 480 feet inclined 17° to normal to

~core axis. Bedding plane in gray tuff at 527 feet

inclined 25° to normal to core axis. Firm rock.
Gradatibnallcdntact; Samples at 504 and 530 feet.
Thin section of sample from 504 fegt‘shows crystais
to be of quarté and alkali feldspar with some
plagioclase and opaque oxides. The matrix is
composed of altered shards with lesser altered

pumice?'obsidian'and perlite. Thin section of
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Interval _ : B Depth
No. ‘ _ Descr}ption' ‘ ‘ . '(in feet)
22 sample from 530 feet shows crystals to be

(cont'd) -

composed of quartz, alkali feldépar, plagioclase,
biotite and opaque oxides, none of %hich are
abundant in the thin section. The matrix is
.composed of. altered pumice with lesser altered

obsidian, perlite, and shards. . . A . e+ .. . 361.0 - 562.0

23 No Interval 23,
Unit T083
24 Tuff, moderate orange pink. Lithologically

similar to_In;efval 21, becoﬁes lighter pink

toward base. ‘From 583 to 590.5 feet much thin

streaking of deep pink and red across core

iﬁplined at about 30° to normal to the core axis.

Correlates with bed 20 (portal bed) of USGS

Tunnel area. . . v .« o . o ¢ o ¢ o o ¢ .. . . 362.0 - 590.5
.25 Firm rock. Similar to Interval 22 , . . . . . . . 590,5 - 674.0

26 Tuff. Fine grained. Composed éf pdmice and |

colorless crystéls, almost Zntirely less

than one-sixteenth inch in diaméter. From

674 to 684 feet moderate orange pink

" mottled with whitg, from‘684 to 708 feet
moderate reddish orange, from 708.t9 715
feet moderate orange pink speckled‘with

white, Firm rock. Gradatibnal contact.
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_ Depth.
No.. Description L v(in_feeg)
26 Correlates with beé 14 of USGS Tunmel
(cont'd) : .

area. Sample at 689 feet. Thin section

of sample ' shows crystals to be composed

of plagioclase with lésserAquartz and alkali

feldspér and minor.biotite:and opaﬁué oxides.

. 'The matrix is comppsed of altered pumice and
shards with minor altered perlite and
T 676.0 .= 715.0
Uni; T052 |

.27 Tuff. Fine grained. Similar ;o;Interval'ZZ.

White with much thin cross streaking of red

inélined 24° to normal of the core axis. Firm

rock, éxcept ldwer 5 feet. Gradatiqnal contact. 715.0 - 735.0
28 Tuff., Fine to medium gfained, Grayish otange

pink. Gradational contact . . . . . s e e e 735.0 - 744.0
29 Gradational contact. Similar fo Intgrval 27 « . . 744.0 - 760.0
30 Tﬁff,»'medium graihed. Generally white with

pinkiéh cross streaks. Scattered quartzite

and white pumice fragments one-eighth to

one-fourth inch in diameter. Firm . . . . . . . 760.b - 775.0
31 ATuff. Fine grainéd;'white, with some pink | | |

cross streaking, Firm . . . «.o ¢« ¢ ¢ ¢ o o o.0 775.0 - 798.0
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Interval ' ' Depth
No. . ‘ Description _ _ (in feet)
32 Tuff, composed of interlayered fine, medium

and raﬁely coarse grained beds a few inches

to a few feet thick. Quartzite fragments

rare except in coarse phases. Much of rock

is streaked and banded across cbré with pale

red. Generally firm, though éore is broken

into 2~inch lengths. Sample at 844 feet.

Thin section of sample shows crystal to be

of plagioclase with lesser alkali feldspar,'
quartz, biotite and opaque oxides. Tﬁe matrix

is composed of altered pumice with lesser altered
"shards, obéidian and perlite . . . . . « « . « . 798.0 - 880.0

33 . . similar to Interval 31 * L] . L] L] L ] L] L] L] . . L] L] . [ ] 880 .0 - 903 . 0

3 . Similar to Interval 33 . + 4 o o o o o o o o . . » 903.0 = 909.0
35 Tuff; fine to medium grained. Moderate orange

pink 909 to 925 feet, moderate orange pink to

- pale red (10 R 6/2) below. Phenocrysts of quartz,
feldspar, and biotite. Six inches of aitered tuff
at 946 feet (waxy clay). Sample at 930 feet. Thin
section of sample shows crystals to.be composed of
quartz, alkali feldspar and plagioclase with some
biotite and opaque oxides, Th§ matrix is composed
‘of altered pumice and shards with some obsidian

and perlite' . . L) - . L] L] - . . L . L . . L4 . 9 909.0 - 955'0
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Depth
Description (in feet)

Tuff, granular, fine-graimed, pinkish gray.

Phenocrysts of quartz, feldspar -and biotite. . . 955.0 - 958.7

Tuff; reddish pink with some white bands.

" Medium to coarse grained and granular except
for thin bands and blebs'of pink porcellanitic
to hard cl#yey material (probably siliceous).
Phenocrysts oﬁ quartz, fgldspar, and relatively
v abundaht-golden;to brown biotite. Scattered
fragments, mainly quartzite. Gradational

lower contact. « « « « o o o o o o o o o o o o o 958,7 = 967.7
Tuff, gfanular; light gray to nearly white with

" thin stiingers of red in lower 2 feet. Medium
to coarse graine&; Phenocrysts of subangular

~ to subrounded quartz, feldspar,~and'biotité
(more abundant than above), very few foreign
fragments. Bedding planes inclined 8° to
normal to core axis. Sample at 969 feet. Thin
section of éample shows crystals to be »
composed of quartz, alkali -feldspar and
plagicclase-with lesser biotite and

opaque oxides. - The matrix is composed

of altered pumice and shards with minor -

altered perlite and obsidian . . . . . . . « . . 967.7 - 972.7
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Interval ' _ Depth
_No. _ Description (in feet)
39 Tuff, dark red, generally fine grained, dense

porcellanitic (good core recovery). One dark
grayish red band 0,3 feet thick. Phenocrysts -
of feldspar, quartz, relatively abundant
biotite, and a few grains of a heney-yellow
mineral. Grains_are in a siliceous clay or
porcellanite (waxy surface). Sample at 989
feet. Thin section of sample shows crystals to
be of éuartz, alkali feldspar, plagioclase,
biotite and opaque oxides, none of which are
abundant . . . . . e s e e e e e e e s a4 s . o e 972.7 - 999.0
40 Tuff, granular. Pink and gray. Phenocrysts of .
quartz, feldspar and biotite with liétle
binder (sand with no core recovery). . . « « . . 999.0 - 1000.5
41 Tuff, puﬁiceous; reddish pink specked with white.
Abundant fragments one-four;h to 1 inch long,
of white devitrified(?) waxy pumice and
scattered quartzité fragments up to one-half
inch but mostly less than one-fourth inch.
Phenocrysts‘of quartz, feldspar, and biotite,
Sample at 1,010 feet. Thin section of
sample shows crystals to.be composed
of plagioclase, alkali feldspar with
lesser quartz, biotite and opaque

Oxides....................1000.5-10‘35.5
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Interval . ‘ Depth

L P — Description, ___(in feet)
42 Tuff, pumiceous, pinkish gray. Abundant

fragments of white waxy devitrified(?) -
pumicé. Scattered small (mostly less
than one-eighth inch) fragments of
quartzite;j Phenoérysts of feldspar,
vquartz and abundant black euhedral
crystalévof‘biotite, ‘Bedding inclined

~ 28° to normal to the core axis., Sample
at 1,042,5 feet., Thin section of sample -

shows crystals to be comppsed of

plagioclase, alkali feldspar and
biotite with lesser quartz and

Opaque Oxides. a e e & o o o e o e e e e e o 1035.5 - 1043.0 ‘




96

Table 7--Log of Rainier (UCRL) Drill Hole No. 3

~ (Top of mesa hea; Point Mabel)

Petrographic work by R, E. Wilcox on selected samples; his lithologic

descriptions have been incorporated into the description of the beds

from which the samples were taken.

Interval »
No. ‘ .__Description

‘Depth '
(in feet)

Oak Spring formation

Unit~Toss

"Rhyolitic welded tuff, pale red purple

(5 RP 7/2-~wet). Abundant phenocrysts of
sanidine, oligoclase, quartz, biotite, an

opaque oxide, and rare augite in a groundmass

of moderately compacted shards, deQitrified.
Partly filled elongated cavities as much as

one inch long. Slightly to modérately porous,

. Some jointing and staining along parting planes.
‘in first 10 feeﬁ; below 10 feet core is firm

and recoﬁery good. Gradatibnal lower contact.
Sample taken at 13,5 feet. . ; e 6 s e 6 e s e g
 Quartz=-latitic (or rhyolitic) welded tuff, pale red
purple at top grading downward into mottled gray
" to banded, very dark gray. At top are large
angular to subroundéd fragmenﬁs of tuff as much
as 2 inches long and glongated cavities partly
filled with opal(?) and limonite.. Toward bottom

- fragments are emaller, cavities are less common,

‘0‘ 28.0



Interval

No

97

. Depth
Description } (in feet)

2
(con

t'd) ‘ |
< dark bands of obsidian(?). Rough fracture

"white phenocrysts are abundant and there are.

intersects core at 28 to 29 feet . . . .,

Qﬁartz latitic (or rhyolitic) welded tuff, dark

~ gray. About one-half of rock consists of phenocrysts

of sanidine (much'emhayed), andesine, biotite,
quartz,'(a few gmﬁayed), opaque oxide, and'rare
augite. Groundmass is cryptocrystaliine; feebly
birefringent and crowded with tiny opaqde
trichite rods; some suggestion of fluxion
structure but mofe likely true liquid flow.‘

. Sharp lower ¢ontact. Sample taken at 45 feet. . . 34.4 - 55.0

Quartz latitic (or rhyqlitic) welded tuff, grayish

red purple (5 RP 5/2). Abundant phenocrysts of
sanidine, oligoclase-andesine, quartz, biotite,
an opaque oxide, and sparse‘augite in a
.groundmaés of compactea shards, devitrified.
Promiﬁent schlieren (wavy lenses) and e1§ngatéd
flattened cavities (some opal in cavities),
Smaller and leﬁs'conspicuOus schlieren

between 86 to 115 feet, Fractures between

75 and 78 feet, 104 and 106 feet; 144 and

145 feet, at 174 feet, 199 and 200 feet,

and 208 and 210 fEQt c’ e e o0 o e © 0o e e e e s o 55.0 - 211.0

o ¢ o 28.0 « 34.4:



Interval . Depth
No, ... Description _ (in_feet)
5 Quartz 1atite,k(5 RP 7/2), grayish red purple.

More friable and fragmental than above;
spherulites. Many more cavities than above,
Minerals are sanidine and quartz and rare
biotite; pumice fragments, dense, brown
inclusions (not quartziﬁe). Abundant white
pumice schlieren; flattened less than
one~half inch.  Fractufes at 222 to 225 feet
and at 245 feet, fewer cavities tbward'bottom.
Gradationai lower contact. . .-; e s e o s s s o 211,0 - 249,0
6 Welded tuff, light gray, pale violet tinge,
| fine grained, abundant flattened pumice,
few angular dark inclusionms, miﬁor quartz
and biotite. Gradatiomal lower contact. . . . . 249.,0 - 253.0
7 Quartz latitic(?) welded tuff, light gray, |
red purple, abundant schlieren of pumice
as much as»l% inches long, very flattened;
sanidine phenocrysts, biotite, quartz,
éimilar to.above but coarser. Fractures
between 258 and 264 feet. Softer (breaks
easier) near base. Gradational lower

contact. o . . o v ¢ ¢ 4 e e s e e o s o e e s 253,0 - 272,0
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Interval ' . - Depth
.No, . ) A . Description . (in feet)
Unit Tos7 |
8 ~  Tuff, light brownish gray (5 YR 6/1). Abundant

pumice fragments (up to 1 inch; mostly less

than one-half inch) moderately abundant ash shards
and a little obsidian and perlite, 'ﬂore friable
than above (can bg‘ﬁfokeﬁ'ﬁy hand. Phenocrysts
mostly alkali feldspar, some quart, little
biotite, and limonite., Scattered and stony
volcanic fragments.' Samples at 275, 288, and

298 feet. Good core recovery to 279.5 feet

below where core becomes very’friable.' Good

core again_at 292 to 300 feet below where '

material becomes too soft to core (mostly

granular sand-size material recovered); has

a slight pinkish cast. , , v« ¢ & ¢ « '« « o .. . 272.,0 - 300.0
9 Tuff; moderate reddish orange (10 R 6,5/5).

Abundant pumice fragments mostly leéss than

one~-fourth iﬁch (maximum one-halfiinch)8~ash

shards and a little obsidian and perlite, Large

tan fragments (devitrified pumice) and a few small

dark stony fragments. Moderately abundant phenocrysts

of quartz and alkali~fe1dsparSl scattered plagioclase

and biotite; a few grains of zircom noted at 312

feet. Grades to pale brown at 315 feet and to light
brownish-gray at 319. Very friable at 321. Samples

at 312, and 327 feet. Good core recovery but

Very friable e & e & o & o e 2 e e o 8 o o s+ e o 30000 - 32705
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Interval . . . Depth

_No. . » ._Description ‘ 4 (in feet)
10 - Tuff, puﬁiceous, moderately light brown; (5 YR

4,5/5). Sand-size phenocrysts.of alkali
feldspar and quartz. Grains subangﬁlar.
Poorly sorted. Moderately abundant altered
pumice and ash shards. .Between 339 and 340
feet therelis‘a dark band (altered biqtitg?).,
Bedding planes dip 23°. Sample at 346 feet, .
‘Mostly uncored (sandwéize§ Because it is vexy
friable. + .+ v 4 v v 4 oo a s e e o s 0. . 32705 = 3500
11 Tuff, granular, light brown (5 Y 6/4),_fine
| ‘grained."Sand-size subangulér to subrounded |
quartz and feldspar in a ffiable chalky
matrix (altered ash shards). A little biotite,
wpyrgxene,Aand amphibple. Seams one-sixteenth
inch or less of white chalcedony. Abundant
altered ash shards and moderate unaltered
pumice fragments. Sample at about 555 feet.
Nearly all sand; only_séaftered core reco§éred

in pieces aboutonl bot lOng e ¢ o o o o bo e o o 35000 - 360.0
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Interval = . : : DepthA'
leOa5 S S _Description - o - (in feet)

12 Tuff, granular, Iight gray to nearly white,
medium-coarse grained, friaﬁle._'Méde‘up
mostly of suﬁahgular to subiounded:phenocryéts -
(sand siﬁé) of’qdaffz4and feldspar (alkaiil
feldséaré'ﬁfedomiﬁaté)."Scattéred biotite,
‘rare pyrbxéne;‘aﬁ& a'fe&‘§fﬁk, orange, and}'\
laéender‘éraiﬁS‘of sphene. - Abundant ‘to
moderateiy abundant pumice and ash.éhards,
; éﬁd 1oca1‘6§sidian and'perlité; where very
abundant core is light. Sambléé'taken at |
355, 369.5, 405, 428, 462, 471, 482, and | - o
577 FEet + vy o v 4 e e e e a e ... 360.0 - 591.0
Coré reéovery as follows: o | |

~ Depth S Core recovery
(in feat) . - L (in feet).

360~386 Sand; no core ¢XG3Pt:fq: 2
in;h,-“3 ipch_pieces'containing
abundant alte:ed.sha;dsbg c e e e 0.5.
386-392. Sand except for core at:beginning .+ 0.5
392-406 Mostly sand consisting of
abundant pumice fragments,
ﬁoderate amounts of shards and
alkali feldspar « « « ¢ o« o o &« +» +» o 0.5
406~429 Mostly sand consisting of abundant .
pumice fragments and moderately

abundant shards . . . P
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Interval Depth
_No. Description (in feet)
4012 o ‘Eéfévrecovéfy as foliowsftu B
(cont'd)
: Depth » _ Core recovery
(in feet) - | (in feet)
429-441 (Nothing recovered) . . . . . . . . . 0.0
441-451 About half sand aﬁd half b?oken“ |
| COTC: o o o o o o o o o ; c v s 0. . 3.0
451-461 About half sand and half broken
cére. T - 1
461-471 Sdft core 0.2“to:0‘5'foot long;
geme sand. Conéists of abundaht
shards and moderate amountslof
Pumice. . ¢« « .o o 4 0 s s o 0 o0 o 1.0
471-481 Soft core 0.1 to 0,3 foot long. . .:. 3.5
481-488. Soft core 0.1 to 0.4 foot long.
Sample at 482 fée:'contains abund;nt
- phenocrysts of quartz, moderate
: ambunts of alkali and plagioclase
fe;éspgr, and scattergd biotite as-
well as map& primary rock fragments
of obsidian and perlite, moderately
abundant pumice and a few ash shards. 4.0
488-511 Soft core 0.2 to 0.4 foot long. . . . 4f0
511-551 Soft core 0.2 to 0.4 foot long. . . .V4;6
551-560 Soft core 0.2 to 0.5 foot long. . . . 2;3
560-571 Soft core 0.3 to 0.5 foot long. . . . 2.7
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Interval PR Depth
No.. Co N Description s (in feet)
‘ — : , : e .

.12 Coré recovery as follows:
(cont'd) . _ L
Depth _ Core recovery
(in feet) (in feet)
''571-577 Sand (except for core) comsisting
‘of phéﬁocrysﬁs of qﬁartz and
‘alkali feldspérrand"modérétely
-abundépt.fumiéé fragmeﬁts e ... 10
577-591 Soft core>0;3‘fo 0.5 foot long. . . . 2.0
13 | Tuff, granular, 1ight brown sﬁeckéd with white:“
(moderately aBundant:éméllfpﬁmice fragments),
scattered ‘s.ubéuignular to subrounded ‘quarté and | .
abundant plagioclase feldspgr; séattefed biotite
and amphibole. Appears "dirty"'in*ébmpérison to
clean sandbabove due to broﬁn chalky‘binder
(altered shards) . Sainple at 592 feet. Ma,n&
pﬁmice, obsidian and perlite fragﬁents. ~Sharp
upper cpntaét based on core fecovery (might be-
some missing Sétweén hnitéj;w 2;; feet soft core
0,1 to 0.8 foot long pieces‘recovefed. ¢« « « o & 591.0 - 601.0
14 Tuff, granulér; light gréy'flecked_with black
| grains. 'Aﬁundant phénécrystsvof plagioclase;
- scattered biotite and amphiboles. Much
_obsidian and perlite, moderate amounts of
pumice and sparsé altered ash shard:s. | | - .

Sample at 601 feet « v o o « o o o « o « » « o« » 601.0 = 601.5
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Interval . o ‘ Depth

No. _ Description (in feet)
15 Tuff, granular, light brown flecked with white

pumice. Same as 591 to 601.5 feet except
more friable; gradational change to gray
near base and more abundant pumice. Core
reéovery 601 to 607 feet is mostly sand with
a few brokén pieces at the beginning of the
interval; 607 to 664 feet only sand
recovered except for scattered pieces of core
0.1 to 0.3 foot long. Seven feet soft core
recovered between 664 to 680 feet; sand at
base .« & ¢« v 4 4 et e et e e e o e s .. . . 601,5 - 680.0
16 Tuff, granular, light gray. Similar to Interval
12 except locally finer grained‘and generally
has.more soft clay binder., Samples at

685 and 712 feet . . . 4 v 4 4 . aieeeee - . . 680.0 = 737.0
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. No.

105

Depth
Description . (in feet)

16 Core recovery as follows:

(cont'd)
Depth
(in feet)

680-685

Core recovery
(in feet)

Sand except for broken chips

containing scattered phenocrysts

of plagioélase, biotite, and
amphibole;.moderately'abundant to

many ffagments of pumice, obsidiaﬁ,

_ periite, and ash shards . . . . . . . 0.0

685-691

691721

721-731

731-737

Soft,core in pieces 0.4 fo 0.8 foot
LOmEe + v e e e e e 5.0
Mostly sand.but'scattered'soft cdré
O.I:to 0.3 foot long. Sample.at

712 feeﬁ contains phenocrysts of
plagioclase; abundént ffagments of
éumiée; and ;oderate amounts of

obsidian and perlite. . .‘. e o« o s o 1,0
Soff core, 0.2 to 0.5 foot long

pieces. Sample at 725‘feet contains
scattered phenocrysts of quartz,

alkali feldspar, and plagioclase;
abundant pumice fragments . . . . . . 7.5
Sof; éore in pieces 0.1 to 0.5

fOOt 10ng . . . . [ L . ® L . . . . 505
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Interval _ ‘ Depth
No. _ __Description _ _ (in feet)
17 Tuff, granular, light gray. Mostly sand-size

granular white feldspar and quartz; scat;ered
biotite and rare pyroxene. Abundant pumice
fragments and a few sand-size quartzite
frégments? Vexy little core recovefy (mostly
granular.sand). Sample at 738 feet; . « + « , o 737.0 = 740.,0
18 Tuff, granular, Brown sand (no core recovery).
Rounded to subrounded grains mostly of quartz
and -alkali and plagloclage feldspars; few
biotite grains. Abundant ash shards and a
few black obsidian fragments. Sample at 747 feet.740.0 ~ 759.0
19 Tuff, granular, light gray. Mostly clean rounded
fine-grained quartz and alkali and plagioclase
' feldspar, Pumice fragments and ash shards., No
core recovery (only sand) except for very
easily broken core (uncemented} lgst 0.5 foot.
Sample at 764 feet , ; « + o o ¢ o ¢ 2 ¢ o o o o 159.0 - 765.0
' 20.' Tuff, granular, light gray, Sand-size phenocrysts
of alkali and plagioclase feldspar énd quartz,
Scattered sand-sizé quartzite fragments. Scattered
biotite, amphibole, and pyroxene. Pﬁmice and
ash shards.768 to 769 feet. Only scattered
‘easily crushed core (mostly sand)., Sample

at 767 feet. e 3 9 ® o o e o o g e o o c‘ ¢« o o 76500 - 775.0
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Interval | Depth
No. ' ' Description ' (in feet)
21 Tuff, pumiceous, light gray to nearly white.

Abundant frégments of fibrous pumice about

one~fourth to one~third inch long and ash shards,

Phenocrysts of feldspar§ scattered quartz and

biotite, Abundant rounded black grains of

obsidian at 794.5 feet. ‘Samples at 777 and

794,5 feet, Moderatgly good core reéovery;

pieces 0.3 to 0.5 foot common_and some one

foot long; core is fairly soft (can be broken

with difficulty by hand) and light in weight. |

Séme sand at about 793, 795-799, and 803 feet. , 775,0 - 810,0 .
22 Tuff, granular, gray to brown. Mostly small

phenocrysts of plagioclase feldspar, minor

quartz, subrounded to well-rounded. Scattered

biotite and amphibole. Abundant ash shards,

Sample at 811 feet. WNo core recovery (all sand).810.0 - 812.5

. 23 Tuff, granular to pumiceous, light gray. Pumice

fragments one-eighth to one~fourth inch moderately

abundant, Granuiar subrounded, White and clear

feldspar and quartz; scattered biotite. Fragments

of quartzite; sand size and somewhat larger are

moderateiy abundant, Porcellanite bed at

836,0 to 836,3 feet., Samples at 826 feet

a.nd 846 feet © o & § e e ¢ e & g § O e e e ¢ 9 P 812Q5 -_ 856.0 '
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Interval ~ Depth -
No. Description (in feet)
23 Core recovery as follows:

(cont'd)

Depth _ Core recovery
(in feet) (in feet)

815-826 Only one short piece of core;‘no

810“815 MOStly Sand e o © o0 o o ® o ¢ 6 o6 o o 0.5

Sandn e 6 q e ¢ e e ¢ o @ L] 0 . o ¢ 0 003

826~832 Pieces of core 0.1 to 0,2 foot

long. (Change to smaller core size.)

Sample at 826 feet contains pheno-~

crysts of feldspar, quartz, and mica,

abundant fragments of pumice and some

obsidian and ash shar&s e @ e e o o
832-836 Pieces of coré 0,1 to 0,2 foot long.
836-846 Mostly sand (small partial pieces
of core)s ¢ o o o 5 5 5 s 2 5 8 o o
846-848 Sand, sample of sand contained
phenocrysts of quértz and feldspar
and fragments of pumice and ash
shards. 4 o o ¢ « ¢ o o 6 a o s o
848-854 Sandbexcept for last 3 feet which
-contains partial pieces of core . .

854-856 Broken COTE o o o ¢ o ¢ ¢« © 06 o e o

4.5

3,0

- om e

0,0

2.0
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Interval Depth
No.. .. . . Description . . (in feet)
24 Tuff, light gray to nearly white. Granular

subrounded to subangular sand-size_phenocrysté
of Quartz and colorless to white feldspar (mostly
plagioclasé) held together wi;h an éarthy white
cement (altered pumice). Scattered biotite and
amphibdle, Small (mostly less than one-eighth
inch) fragments of white (altered) pumice and
sand-size to slightly larger brown ffagments

. of quartz., Two inches of yellow}sh-green

porcellanite at about 883 feet, Sample at

861 feet, The core that is present is mostly

firm and cannot be broken without a hammer,

One foot is maximum length of aﬁy individual

piece and most are 0,3 to 0,5 foot long. . . , . 856,0 = 899,5
Core recovery as follows: |

Depth ‘ Core recovery
(in feet) (in feet)

85628615 ¢ ¢ 4 ¢ o ¢ o ¢ sa s 0 s o o s o 5,5
861l.5 = 866.5. o 4 4 o ¢ o 5 9 o o o s o s o g 3.3
866,5 ® 868 . . . ¢ ¢ o o 5 e o 0 o g 0 e g o L3
R 7 -
874 « 877 Broken 0.2 to 0.3 foot pieces of core 3.0
877 =~ 880 Broken COT€q « o o o s o s s o o o » 3.0

880 -~ 890 Core missing, probably in upper 5féet.4.5

890’894ou;pgpvoggoocooOQOZoO

894'899‘,,0000;0'0000000003.07
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Interval o Depth -
_Nes . ___Description ' (in feet)
25 Tuff, grit, light gray spotted with brown to

dark gray subangular to subrounded fragments.
Moderately abundant phenodrysts of quartz and
feldspar, scattered biotite and amphibole.
Altered fragments of obgidian, ash shards and
pumice. Contains numewsus brown dark-gray
'fragments of quartzite. Moderatgly sharp

. lower comtact. Saﬁple at 905 feet...Two,feet :
of hard COreafecovered'in pieces 0.3 £0'0,5
foot lomg.. . . . . ; s oo e e e e o e ooty s 899,5 « 906.5

26 Tuff, pumiceous, light brown specked with abundant

white_frégments of altered pumice mostly
one~ecighth to ome-fourth inch long, ' Abundant
alsﬁged~ash shards and scattereﬂ altergd
obgsidian and perlite. Subrounded to}subangular,
mostly sand-size plagioclase and alkali ‘feldspars
(clear and also white), a little quartz and
‘amphibole.and much more biotite than iﬁ interval
above, ‘FrAgments frbm gand size to one-fourth

" inch long of brown to.bluish-gray quartzite.
Samples at 910 and 936 feet. Core is fairly
lightweight and is in piecesvmostly 0.2 to

Oosf@otlong-.oouooooooo'00.00390605’945,3
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Interval | ~ Depth
. No. . Description (in feet)
27 ~ Tuff, yellowish gréen, chalky, fairly soft.

Abundant altered ash shards; moderately
abundant quartzite fragments one=~fourth
to one-third inch. Moderate amounts qf
phenocrysts of feldspar and a few of
‘quartz.. Sample at about 947 feet. Coré
 was récovered in pieces.0.2 to 0.3 foot
long ¢« 4 ¢ ¢ ¢ ¢ ¢ 4 o 6 55 4 o 4 ey g e 0 o s 945.3 - 955.0
28 Tuff, white to light gray, fine grained;
POOT COTE TECOVELY « o« o o « o « 9 o » o « » o « 955,0 = 990,0
Unit Tosg
29 Welded tuff., Two layers of obsidian; 0,5
'foot at 1,046 feet and 2 feet between
1?654 and 1,057.' Poor core recovery
_between 1,046 and 1,049 feet . ; ¢« o » o o » +» o« 990,0 - 1061.0
Unit Tosg |

30 Tuff, buff to brown, nonwelded C e e e e e . . .1061 - 1074

End of hole



