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GEOLOGICAL SURVEY INVESTIGATIONS IN THE U12e e 05 TIMNEL,

NEVADA TEST SITE

PART I - INTRODUCTION 

By W e H. Diment and V. R. Wilmarth

The papers comprising the various parts ©f this report contain 

the preliminary results ©f the U. S. Geological Survey investigations 

in the U12e.05 tunnel at the Atomic Energy Commission's Nevada Test 

Site, Nye County & Nevada (fig. 1). Reports on electrical resistivity, 

natural radioactivity, and heat required to raise the rocks to 100°C 

will be issued later. A preliminary report on the geologic effects 

of the Blanca event is being prepared.

The U12e.05 tunnel, one of two laterals from the main U12e tunnel, 

trends west and connects with the main tunnel about U960 feet from the 

portal (fig. 2). The U12e.05 tunnel was driven for the nuclear test, 

code name Blanca, which took place on October 30, 1958. Before the 

explosion, the tunnel was 8 feet high and 8 to 9 feet wide and con­ 

sisted of 990 feet of workings, a shot chamber, and an alcove (fig. 2). 

The original shot chamber, at the west end of the tunnel, was 19 feet 

long, 10 feet wide, and 15 feet high. The vertical and minimum cover 

over the original shot chamber are 1,150 and 950 feet, respectively. 

After detonation of the nuclear device in the test, code named Logan, 

in the U12e.02 tunnel on October 15, 1958, the U12e.05 tunnel, locally, 

was damaged severely XWC H» Diment, V. R. Jffilmarth, F, A, McKeown, 

F, N. Houser, and others, 1958, written coimnunication? p, 8 and 27) 

and a new
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Scale

FIGURE I-INDEX MAP SHOWING LOCATION OF TUNNEL AREA,

RAINIER MESA, TIPPIPAH SPRING QUADRANGLE,

NYE COUNTY, NEVADA
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shot chamber was constructed at a point about 600 feet from entrance 

to the tunnel (fig. 2). The new chamber, about 10 feet square and 8 

feet high, had a vertical and minimum cover of 1,020 and 880 feet, 

respectively.

Although the overall effects of the Logan underground test on 

the U12e tunnel system are described in the written communication just 

cited some of the details of the damage to the U12e 0 05 tunnel are 

summarized briefly in this report.

The force of the Logan U12e.02 shot damaged much of the lagging 

and filled many parts of the U12e.05 tunnel with rock. Most of the 

U12e.05 tunnel from the entrance to 6*00 and from about 8+00 to 

9+00 was lagged before the Logan event. The original shot chamber 

was lagged with heavy timber. After the Logan event, the U12e.05 

tunnel, from the entrance to 2+00 and from about 4+00 to 6+00, was 

partly filled with rock to a depth of 4 feet. Both these tunnel 

segments are about 700 feet from the Logan shot chamber. From 6+00 

to about 7+50, the tunnel was not lagged; the back failed and the 

muck pile was as high as 15 feet. Beyond 7+50, the tunnel, the 

alcove, and the original shot chamber reportedly were affected 

lightly even though much of the tunnel was not lagged. Only one of 

the heavy timbers in the original shot chamber was broken.

The work herein reported was done on behalf of the Albuquerque 

Operations Office, U. S. Atomic Energy Commission.
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Geologic setting

The U12e tunnel extends beneath Rainier Mesa, a prominent topo­ 

graphic feature in the northwest part of the Nevada Test Site. The 

rocks exposed in the tunnel are part of the Oak Spring formation of 

Tertiary age and are predominantly tuff and tuffaceous sandstones 

(fig. 3). The Oak Spring formation is about 1,900 feet thick and 

unconformably overlies limestone, dolomite, quartzite, and siliceous 

shale of late Paleozoic age. The contact between the Tertiary and 

Paleozoic rocks has an average strike of N. 30° E., dips northwest 

at a low angle, and is highly irregular; local relief is as much as 

50 feet. The Paleozoic rocks strike N. to N. 20° E., dip 10° to 70° 

W., or NW., and have been cut by northwest- to northeast-trending,

steeply dipping, normal and reverse faults. Northeast and east- 

northeast folds with amplitudes of 50 to 100 feet and north- to 

northwest-trending faults with vertical displacements of as much as 

50 feet have been mapped in the Tertiary rocks (Hansen and Lemke, 1957, 

fig. 5). The tuffaceous rocks at the portal of the U12e tunnel strike 

N. 5° to 30° E. and dip 5° to 35° W.

The Oak Spring formation in Rainier Mesa and nearby areas has 

been divided into eight lithologic units, designated in ascending 

order, Tos^ to Tosg, respectively (Hansen and Lemke, 1957). The rocks 

comprising these units consist of fine- to coarse-grained welded and 

nonwelded tuff, tuffaceous sandstone, tuff breccia, and agglomerate. 

Pumice fragments are abundant in all of the rocks. Clastic quartzite 

and volcanic rock fragments are rare to common in most of the tuff.
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PART II - STRATIGRAPHY AND STRUCTURE

By F. No Houser and D. D. Dickey

Stratigraphy

The U12e.05 tunnel was driven in tuff of unit Tos3 of the Oak 

Spring formation and penetrated nearly the entire stratigraphic 

sequence of this unit from its base at the entrance (U12e.05) to 

near its top in the original shot chamber at the western end of 

the tunnel (fig. 4). The tuff of unit Tos, (fig. 4) is a minimum 

of 170 feet thick and divided lithologically into four subunits, 

A through D. The basal lithologic subunit A correlates with Bed 

24 of Hansen and Lemke (1957, p. 68); the upper lithologic subunit 

D probably correlates with Bed 27 (upper bed of Tos^) of the same 

authors (p. 67-68). The final shot chamber at 6+00 is stratigraphically 

about 25 feet below the top of subunit C. Detailed descriptions of 

the subunits are given in the appendix. Fragments that make up the 

tuffs of the four subunits are indicated as: lapilli (4 to 32 mm), 

coarse (0.25 to 4 mm), and fine (less than \ mm). The bedding 

character of the tuff is described according to the nomenclature of 

McKee and Weir (1953, p. 383).

Subunit A is about 38 feet thick and is exposed in the U12e.05 

tunnel from its entrance to 1+79 (right wall) (fig. 4). Megascopically, 

the unit is predominantly coarse, dense, well-cemented to moderately
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well cemented medium-red to daxk-red tuff, which contains from a trace 

to 10 percent lapilli of slightly to well-decomposed pumice. The 

coarse component of the tuff is mostly pumice that has been slightly 

to well decomposed, and angular to subangular phenocrysts of clear 

feldspar, biotite, quartz, and black opaque grains (probably largely 

magnetite). The fine component locally makes up about 50 percent of 

the rock in a few zones in the middle part of To&3 and is a red, 

red-brown, dark-pink, and pink-gray decomposed mass of glass (?) 

shards and pumice, and sparse mica and black opaque grains.

Subunit B is about 23 feet thick and consists of indistinctly 

to fairly well-bedded coarse tuff. The beds range from laminae to 

as much as 5 feet thick. The subunit is exposed in the tunnel from 

1+79 to 2+62 (right wall) (fig. 4). The tuff is dense, moderately 

well cemented, light-gray mottled and banded with red and purplish 

red. The tuff of subunit B is distinguished from that of subunit C 

by the absence of quartzite and volcanic(?) rock fragments. Sparse 

to moderate amounts of lapilli consist of moderately to well- 

decomposed pumice. The coarse component of the tuff is predominantly 

well-decomposed white to light-gray pumice and subordinately sub- 

angular to angular quartz, feldspar, and biotite. The fine component 

is white, light-gray, and red devitrified glass(?) shards and decomposed 

pumice.
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Subunit C, about 75 feet thick, is an indistinctly to distinctly 

thin bedded to laminated fine to coarse tuff. Fine tuff constitutes 

about one-third of this subunit. In the tunnel the base and top of 

subunit C are at 2-1-62 and 7-1-36 (right wall), respectively (fig. 4). 

The tuff is friable to well cemented, dense and ranges from very 

light gray to light-gray, greenish-gray, within thin pale°yellow, 

red, and red-purple bands. Lapilli, a light-gray to white well- 

decomposed pumice, range in abundance from sparse to 5 percent of 

the rocks. They are generally small (4-8 mm) except for some in 

the upper bed. Coarse components are very light gray to white 

decomposed pumice and sparse common angular to subangular quartz and 

feldspar. The fine tuff component of most beds is light gray, white, 

and light pinkish gray. Clastic fragments are quartzite and 

volcanic(?) rock.

The uppermost subunit, subunit D, is at least 33 feet thick 

and is exposed in the alcove, shot chamber, and in the tunnel beyond 

point 7+36 (right wall) (fig. 4). It is a dense, moderately well 

to well-cemented red to medium-red coarse tuff with some lapilli. 

The tuff is thin bedded and laminated near the base but within a 

few feet above the base becomes thick bedded to massive. The lapilli 

and coarse component consist mainly of moderate to well-decomposed 

light-gray to white pumice; quartz, feldspar, and biotite are common 

to abundant as angular to subangular phenocrysts. The fine 

component is light red to pink and consists probably of decomposed
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glass shards and pumice. Subangular to subrounded quartzite(?) and 

volcanic rock fragments are common to abundant.

Structure

In the U12e.05 tunnel, the beds of Tos3 unit strike N. 35° E. 

to N. 10° W., and dip 5° to 18° NW. and SW. (fig. 4). The trend of 

the tunnel, which is westerly, is thus generally perpendicular to 

the strike of the beds. At the tunnel entrance the beds strike N.
O

35° E. and dip 15 NW. whereas at 1+65 they strike N. 20° E., and 

dip 18° NW. From 3+60 feet to the original shot chamber, the beds 

strike N. 19° W. to N. 11° E., and dip 5° to 12° westerly. Such 

local changes of attitude are common in the tuff of the Oak Spring 

formation throughout the tunnel area on the east slope of Rainier 

Mesa.

Joints are numerous and strike from W. to N. 75° E.; two sets 

are prominent (fig. 5). One set near the tunnel entrance strikes 

mostly N. 30° to 60° W., and is vertical or dips steeply northeast.

A second set exposed from about 4+00 to original shot chamber strikes

o o N. 15 to 45 E., and dips steeply to the southeast (fig. 6).
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FIGURE 6. -PLOT OF DIP OF 492 JOINTS, UI2e .05 TUNNEL,
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Twenty-four faults were mapped in U12b.05 tunnel. Stratigrafh ic 

displacement is commonly less than 1 foot but some of the faults have 

no determinable vertical offset although horizontal slickensides 

indicate lateral movement. With a few exceptions, the faults strike 

north to northeast and average about N. 20 E.; most dip 75° to 85 

SE. or E. Many faults, therefore, generally parallel the northeast 

set of joints, and are probably related genetically to the joint 

set. One fault was penecontemporaneous with deposition of the beds 

as demonstrated by its truncation at a bedding plane.
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PART III - PETROLOGY 

By E. N. Hlnrichs, T. Botinelly, and R. E. Wilcox

Samples of the red tuff that constitute subunit B in the original 

shot chamber and of the varicolored tuff of subunit C in the final 

shot chamber (fig. 4) were analyzed by microscopic, X-ray, and chemi­ 

cal, methods. The mineralogic constituents of the tuff were determined 

by X-ray analysis, study of thin sections,and examination under a 

binocular microscope of specimens of tuff which had been etched 

with hydrofluoric acid and stained with cobaltinitrite. Modal 

analyses were made by a point-count method (table 1). The modal 

analyses of the tuff from the U12e.02 shot chamber are also shown for 

purposes of comparison.

The tuff of subunit D consists of lapilli, phenocrysts, and 

xenoliths in a very fine to coarse-grained tuffaceous matrix (table 

1, E5CA to E5CE). Open vesicles are common and constitute as much as 

13.7 percent and average 7.4 percent of the volume of the rock. The 

phenocrysts, listed in order of abundance, are potassian feldspar, 

plagioclase, quartz, opaque oxides, and biotite. They are angular 

to subrounded, and constitute from 5,8 to 8.6 percent of the rock 

volume. The xenoliths, which consist of volcanic rock fragments, 

form as much as 9.8 percent and average 6.4 percent of the volume 

of the rock. The groundmass including aphanitic fragments constitutes
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from 70 to 84 percent of the volume of the rock and consists of 

lapilli and shards altered in part to crypt@crystalliiae quartz, 

alkali feldspar(?), and zeolite- • Hematite is abundant and

__/ The zeolite corresponds in X<=ray pattern to heulandite; it 

is, however, stable above 260°C, corresponding to clinoptilolite 

as redefined by Mumpton (1958). However, to avoid confusion with 

older definitions of clinoptilolite and because of its general 

similarity 9 it is here referred to as heulandite.

accounts for the red color of the tuff. It ©ecurs as a stain on 

the lapilli and shards and apparently as a cementing material. 

Silica may also be an important cementing agent. The aphanitic 

material of the samples averages less than 2 microns in diameter 

and thus modal analyses are impractical. X*»ray analyses of this 

material show that heulandire and beta-cristobalite are major 

components? clay (montmorillonitic) is also present (table 1).

The tuff of subunit C consists of lapilli(7), phenocrysts, 

and xenoliths in a coarse tuff matrix (table 1, E5V1 and 2). Vesi­ 

cles constitute about 15 percent by volume of the rock. The 

phenocrysts are, in order of abundance, potassian feldspar, 

plagioclase, and quartz. These average about 4 percent of the 

"rock by volume. The groundmass constitutes about 75 percent of 

the rock, X«ray analyses of these samples show the heulandite and 

beta-cristobalite make up most of the aphanitic material. About 20 

percent clay is present in E5V-1 sample.
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X-ray analyses of ,bulk samples from Tos3 unit are given in table 

2, Heulandite s beta-cristobalite, and quartz are the major constituents; 

montmorillonitic clay is present in some beds. Heulandite and quartz are 

present in all lithologic units and range from 10 to 45 and 10 to 35 

percent of the volume of the rock, respectively. Beta-cristobalite 

is confined mainly to subunits C and D and makes up from 15 to 30 

percent of the rock's volume. Comparison of the analyses of subunit 

D given in table 2 (E5III-AD through HK) and the analyses in table 1 

(E5CA to E5CE) emphasizes the consistent mineralogic composition of 

this subunit. As the X-ray analyses of table 2 are of bulk samples and 

those of table 1 are of the aphanitic material, the quartz in samples 

AD through HK (table 2) probably occurs as phenocrysts and rock 

fragments (perhaps quartzite as reported in Appendix A).

The division of the middle part of Tos^ into subunits B and C 

on megascopic character (Part II and Appendix A) is supported 

apparently by the X-ray analyses (table 2). The remainder shown in 

table 2 consists of feldspar, mica, other crystalline components and 

amorphous material, and shows a marked decrease from an average of 

about 45 percent in subunit B to about 25 percent of the volume in 

subunit C, Quartz is apparently more abundant in the upper part of 

subunit B. Beta-cristobalite was not detected in subunit B whereas 

in subunit C it makes up as much as 30 percent by volume of the rock. 

Heulandite is nearly as common in both subunits.
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Study of thin sections shows the tuffs of subunits A, C, and D 

vary in relative zeolite-feldspar content of the groundmass. Feldspar 

in the groundmass of subunit A is abundant^ but in the groundmass of 

subunit C the feldspar is less abundant and is rarely present in the 

groundmass of subunit D. Heulandite is most abundant in the groundmass 

of subunit D, somewhat less abundant in C, and much less abundant in 

subunit A.

The rocks represented by samples E5V-1 and 2 are tuffs with only 

a few scattered phenocrysts and crystal fragments of alkali feldspar 

and plagioclase. Some xenolithic fragments of spherulitic rock and 

aphanitic volcanics are present. Part of the groundmass of sample 

E5V-1 shows a slightly higher birefringence and contains many isolated 

zeolitized shards, and a few large feldspar crystals and xenoliths. 

X-ray analyses of this "altered" material shows considerably less heulan- 

dite than in unaltered material.

Results of chemical analyses of channel samples of tuff from the 

original U12e e 05 shot chamber and from the final shot chamber at 6+00 

are given in tables 3 and 4. Although the original shot chamber was 

not used in the Blanca test, the chemical analyses of tuffs exposed in 

this chamber are included because these rocks are about 25 feet 

stratigraphically above the final shot chamber. Chemically, the tuff in 

the original chamber is very similar to the tuff (subunit A, 1083) 

exposed in the U12e.02 shot chamber (W. H. Diment, V. R. Wilmarth, F. N. 

Houser, F. A. McKeown, and others^
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Table 3.—Chemical analyses of tuff from U12e.05 original shot chamber 
(9+80), Rainier Mesa, Nye County s Nevada j./ 
(percent by weight)

Sample— . 
Lab. No.-' 
Thickness

Si02

A12°3

Fe2°3

FeO

MgO

CaO

Na20

K20

H20+

H20-

Ti02

P2°5

MnO

co2

Sum

E5CA 
153775 
6 ft

67.4

13.3

1.6

.03

.24

1.1

2.6

3.4

4.9

5.7

.23

.02

.05

.13

101

E5CB 
153776 
2.6 ft

$9.1

12.3

1.3

.04

.22

1.1

2.7

3.1

5.0

5.8

.17

.02

.05

.13

101

E5CC 
153777 
7 ft

68.5

12.3

1.5

.05

.28

1.1

2.4

3.1

5.0

5.8

.21

.03

.08

.19

101

E5CE 
153778 
2 ft

67.9

13.2

1.9

.04

.39

1.2

2.3

3.4

4.8

5.6

.24

.02

.08

.20

101

Weighted average

68.1

12.7

1.6

0.04

0.27

1.1

2.5

3.2

5.0

5.8

.21

.02

.07

.17

I/ Rapid rock analyses by P. Elmore, S. Botts, M. Mack, and H. Thomas 
using methods similar to those described in USGS Bull. 1036-C. 
Report No. IRC-334.

2/ Samples E5CA and E5CC are red pumiceous tuff -,. and samples E5CB and 
E5CE are of white and red tuff.

3/ Lot No. 5026, Job No. 4036.
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Table 4.—Chemical analyses of tuff from U12e.05 final shot chamber 
(6400) and nearby tunnel, Rainier Mesa s Nye County, 
Nevada I/ (percent by weight)

Sample NoJ/ E5V-1 E5V-2 
Lab. No.-' 153853 153854

Thickness « _ _ Q 
(in ft) 2 ' 5 5 - 8

Si02

A1203

Fe203

FeO

MgO

CaO

Na20

K20

H20+

H20-

Ti02

P 0,2 5

MnO

C02

Sum

70.6

12.3

.9

.08

.55

1.8

.95

4.5

5.0

3.9

.12

.00

.06

.06

101

70.0

12.3

.9

.08

.54

1.8

.89

4.5

5.2

4.1

.11

.00

.06

.07

101

E5II-14 E5II-15 E5II-16 E5II-17 

153864 153865 153866 153867

9.5 7.5 2.5 6.5

70.1

11.8

.94

<.05

.50

2.1

.89

3.6

5.8

4.2

.12

.00

.10

.07

100

69.8

12.4

1.2

<.05

.46

1.7

.97

4.6

5.1

4.0

.15

.00

.04

.07

100

70,9

11.7

1.0

<.05

.43

1.7

.76

4.7

5.1

3.6

.13

.00

.05

.06

100

69.9

12.8

.92

<.05

.43

1.9

.92

4.4

5.1

4.1

.12

.00

.05

.06

100

Weighted
average

70.1

12.2

0.9

0.06

0.48

1.9

0.91

4.2

5.3

4.0

.13

0

0.6

0.07

J,/ Rapid rock analyses by P. Elmore, S. Botts, I. Barlow, and M. Mack 
using methods similar to those described in USGS Bulletin 1036-C. 
Report Nos. IRC»341 and 342.
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Table 4.-"Chemical analyses of tuff from U12e.05 final shot chamber 
(6+00) and nearby tunnel, Rainier Mesa5, Nye County, 
Nevada I/ (percent by weight)--Continued

2/ Samples E5V-1 and E5V-2 are of very light gray coarse tuff taken 
after the detonation, code name Logan, in U12e.02 tunnel. They 
represent the same lithologic unit (No. 6, Appendix A) as the 
composite sample E5II-15.

Samples E5II-14 through 17 are of composite samples of lithologic 
units 7, 6, 5, and 4, respectively (Appendix A), and were taken 
prior to the detonation in U12e.02.

3/ Lot No. 5026, Job Nos. 4061 and 4065.
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1958, written communication, p. 21) but differs from it only in containing 

more lime s less soda,, and much less potash. Tuff of subunit A is 

stratigraphically about 115 feet below the final U12e.05 shot chamber.

The tuff of the original chamber is slightly different chemically 

from that of the final chamber* The tuff of the original chamber has 

less Si02? Mg0 3 GaQ, and K20 and more A1203 ? Fe203, H2°s Ti02? P2°5? 

and G02 (tables 3 and 4)0

On table 4j> a direct comparison between the pre-Logan (E5II-15) 

and the post-Logan (E5V-1 and 2) samples can be made. The only 

noteworthy differences are that MgO is greater and total iron is 

less in the samples taken after the Lagan event* These differences 

are not considered necessarily significant as they are within the 

limits of analytical error,

Semiquantitative spectrographic analyses of the tuffs exposed 

in the two shot chambers are given in table 5* Of the 16 elements 

determined^, Ba shows significant variation in subunit D (compare 

samples E5CB and C with E5GE) and Cr and Cu show significant vari­ 

ation in subunit G (compare E5V-2 and E5H-16 with E5II-17). The 

samples analyzed contain less Ge, La^ Nd, and Zr than samples of 

tuff of Tos7 ^ W* H * Diment * v * R » Wilmarth, F. A. McKeown^, D, De 

Dickey, and others, 1958^ written communication, table 3)« No 

significant changes can be noted in minor element content between 

the samples taken in the final shot chamber (6+00) area before and 

after the Logan explosion, samples E5II-15 and E5V-1 to 2, respectively.
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Comparison of the spectrographic analyses of the tuffs for 

subunits G and D given on table 5 with analyses for subunit A 

(W. H. Diment^ V. R, Wilmarth^ F. N. Houser, F. A. McKeown5 and 

others, 1958, written coBmunications table 4) shows significant 

differences for four elements? silver was not detected in sttbunits 

C and D p but gallium^ niobium, and yttrium are more abundant in 

subunits G and D than in subunit A*
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PART IV - POROSITY, DENSITY, AMD WATER CONTENT OF TUFFS FROM U12fe.05 
TUNNEL

By F. M. Byers, Jr 0

Data on the porosityj dry bulk, grain, and natural-state density; 

and, water content of the tuffaceous rocks exposed in the U12e.05 tunnel 

were obtained for evaluating yield and determining the effects of the 

nuclear device detonated in this tunnel. The rocks were sampled 

according to the lithologic units described by Houser and Wilmarth 

(Appendix A); their physical properties are summarized in table 6. 

The new shot chamber at 6+00 is in a 7.5-foot thick tuff bed (lithologic 

unit 6) a Three samples (583, 605, and R 6l6, table 9) of the tuff 

from this lithologic unit indicate its variable properties.
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!Ehe samples were collected during tfee first 10 days of October 1958 

"by F. M» Byers, Jr., Co C. Hawley, and G. R. Johnson. All samples from 

U12e.05 tunnel were wrapped in aluminum foil and sealed in polyethylene 

bags to preserve the moisture content of the sample at the time of 

sampling. Nearly all 35 samples of lithologic unit Bo» 1, Toso (Appendix 

A), were collected at or near working faces as the tunnel was advanced 

from about 8+00 feet to the end of the tunnel. 'These samples should, 

therefore, form a useful control group, because they were collected as 

natural-state samples from this rock unit. More samples were taken of t 

lithologic unit No. 1 than from any other unit of Toso^ because the shot 

chamber originally was in this unit. Samples of lithologic units Nos 0 2 

through 23 (tables 6, 8, and Appendix A) are from tuff layers, whose 

individual properties differ from one another more widely than samples 

from lithologic unit No» 1. !lhe sample from lithologic unit 24 disaggre­ 

gated during the procedure, auad is therefore aot included in the statis­ 

tical summary shown in table 6. Samples from units 2 to 2k are not 

strictly in the natural state with respect to water content, inasmuch as 

they were collected 2 to 5 weeks after the tunnel heading had been 

advanced past their sample locations. However, their high water content 

indicates that they changed but slightly between the times of driving the 

tunnel and sampling.
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The laboratory procedure that was used to determine porosity, 

densities, and -water content of the tuffs is as follows: the samples 

were unsealed and a chip of approximately 200 grams was "broken from 

each sample- "These chips were immediately weighed on an analytical 

balance to an accuracy of 0.01 gram to obtain the quantity , M. The
o 

chips were then heated in an electric oven for ^-8 hours at 105 C,

allowed to cool in a desiccator, and were again weighed to obtain the 

dry weight of the chip, M^-p* A cylindrical plug about 1 inch long and 

and 1 inch in diameter was cored from each rock chip« These cylindri­ 

cal plugs were heated in the electric oven for 16 hours at 105°G to 

drive off moisture introduced during cutting of the cores » The dry

weights of the cores furnished the quantity M . The core specimens
Ic

were then placed in a clean glass vacuum desiccator under a pressure 

of less than 1 mm of mercury for 8 hours, after which the stopcock to 

the vacuum pump was closed. The hose connection was imaediately opened 

under deaerated distilled water, which was sucked by the vacuum into 

the desiccator and completely covered the evacuated plugs* The plugs 

remained under water for approximately 36 hours at atmospheric pressure 

to insure optimum water absorption. It was found that some fine-grained 

tuffs do not absorb as much water at one atmospheric pressure gradient 

as they lose in the oven at 105°C.
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After absorption the excess water was wiped from the surface of 

the plugs with moist absorbent paper and the weight of the water­ 

logged plugs gave the quantity M2C - They were then suspended on a 

wire stirrup and weighed in water to obtain the quantity Moc »

The following equations were used to compute the values of the 

physical properties in tables 7 aod 8.
M2c - Mlc 

(l) Percent porosity (P) - ————————— x 100

(2) Dry bulk density

(3) Grain density

(k-) Natural-state

c" 3c

%c

Mlc' M3c 

M^f x M-,
V-/J- ml-***

density (D^) , Mif (^c "

(5) Percent water content = —————,————— x 100 
(by weight)

(6) Water content = (Water content) x (natural- state) 
(by volume) (by weight) (bulk density)

/ \(7) Percentage of water lost . x 100
(at 105°C) with respect _ Mlf 

to water absorbed (at 1 atin
gradient) M2c " Mlc

M-lc
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Ihe above physical properties were determined for 32 samples of 

lithologic unit Ho« 1 and 36 samples from unit Nos. 2. through. 23, all 

of Togo, in U12e.05 tunnel (tables 7 and 8). Because of disaggregation 

during the water-absorption procedure, only water content by weight could 

be determined for 3 samples of lithologie unit Ho. 1 or for the one 

sample of unit Ho. 2^ 0 Unit 17, a thin layer, was not sampled. Baysical- 

properties data shown in table 8 are for units 2 through 2k, and are 

arranged to present the data from the youngest to oldest beds following 

the same order as the stratigraphic section given in Appendix A.

13ie physical properties of 32 samples of lithologie ijnit Ho. 1, 

presented in table 7> are summarized statistically in table 6. !Ehe 

lower 5 to 10 feet is exposed from 700 to 800 feet from the entrance 

of the U12e.05 tunnel and was not sampled. The lithology of this part of 

unit Ho. 1 appeared fairly uniform, and the physical properties of these 

tuffs are probably about the same as the tuffs for which date are avail­ 

able , rEhe standard deviation and confidence limits of the mean of unit 

1 (table 6) are low, which may be expected from samples of one rock type.
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Tabled.—Porosity, density, vates^, Oak Spring formation,

Sanple Bo. 
Location I/ 
U12e.05-

. -698

-688

-B689 

-661

-660

-R616

-605

-583

-53*

-525

-518 

-520

-492

-487

-477

-465

Lithologic unit 
Thick- 

27 ness 2/ Description of 
Ho. feet unit or subunit sampled?/

2 3*5 Pinkish gray tuff in middle part

3 1*0 Fine soft tuff, pinkish gray

4 ) Fine tuff in upper- two-thirds 
) 6.5 

4 ) Coarse tuff in lower one-third

5 2.5 Fine to coarse light gray tuff

6

6

6

Fine and coarse tuff, 2 feet tram 
top

7*5 Fine evea-textured tuff im middle

Coarse granular tuff, 1 foot 
above base

7) Light gray coarse tuff, 1*5 feet 
) froffl top

7

7 

7)

9*5 Hard red bed, 4 feet fro* top

Indistinctly laminated tuff, 3
feet above base

,*
Greenish gray median-grained tuff, 

1 foot above base

$) Hard red tuff, 0.8 foot thick, at 
tew

8

8

8

- 

"*' Reddish gray tuff in upper part

Greenish gray tuff in middle part

Gray coarse tuff in lover part



Table ̂ .~ P

Sample Ho. 
Location I/ 
U12e.05-

-445

-435

-425

-415

-390

-380

-370

-365 

-315 

-305

-271

-272

-254

-242

-235

*oib 24, Tfci

ater 
ost ~£- 
ater 
bsorbed 
percent)

98.2

99-5

107.0

96.0

107.5

101.0

• 98.8

: 102.0
V,

: 93-6 

: 110.9

• 106.7

• 115.1

3 111.1

a 109.4

2 150.1
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3 , Oak Spring formation,

Description of 
unit or Bubunlt sampled 2/

Gray tuff mottled vith red in 
upper part

Bed pomiceous tuff in middle part

Gray tuff streaked vith red in 
lover part

Coarse reddish tuff vith pumice 
fragments

Fine tuff vith fev coarse sub- 
angular quartzite grains

Coarse tuff, moderately hard

Coarse tuff in upper 1/4 of unit

, Coarse banded tuff in lover 3/4 

Fine tuff in upper half of unit 

Coarse tuff, red mottled vith gray

Coarse tuff, gray mottled vith red

Fine tuff gray and red near middle 
of unit

Coarse tuff, gray and red mottled

Coarse tuff, gray

Bed hard fine tuff mottled vith
coarse purple tuff



Tabl. /.--PoroBity, denaltj

Sample Bo. 
Location I/ 
U12e.05-

-210

-200

-130

-100

- 50

- 25

I/ The sample 
saaple for

O / KEramhAwat MB*

Ideologic uH*T*^ 

o / _^_rat»er
cj BBS

OA O 115 «3<iv o • •*

21 8. S2 -6

22 11. 10^*6

23 \ 10^.2

23 ) 10^*T

2^ 10.

muaber is mW1^ sa«P1 
directional |

1 -IrVi-lAlnMkAaAe » XdthOl

Description of 
unit or sufeo&it sampled 2/

»

Coarse purplish tuff , ecewon 
pusiee fragaents

Fine aad coarse "baaded toff, 
light gray aad red

Coarse toff, purplish red, vith

Coarse tuff, nedium red

Coarse hard toff , dark red

Coarse tuff, light red vith de- 
coqposed punice freggtats

e maaber indicates oriented

ogic descriptlouB modified
to fit individual saarple 

Ho physical properties 2
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The statistical summary of the physical properties of 36 samples 

from lithologic unit Nos. 2 through. 23 is also given in table 6» The 

standard deviation about the mean and the confidence limits of the 

mean at the 95 percent level are 2 to k times greater than the corre­ 

sponding statistical parameters for the physical properties of 

lithologic unit No. 1. This difference is due to the varied lithology 

represented by samples of these units. More samples would have "been 

desirable in order to arrive at reasonable averages for individual 

tuff layers. For example, unit 6, the tuff bed which contained the 

final shot chamber, is represented by only 3 samples, 1 from each of 

the 3 principal types of tuff of unit 6 observed in the tunnel and 

shot chamber. Each lithology is represented only by a core cylinder 

1 inch in diameter and height; because of this limitation, no channel 

sample that would represent the full width of a layered unit can be 

analyzed as a single sample. Hence, all samples are given equal weight 

in calculating the arithmetic mean,,
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PART V - NATURE OF THE ROCK SURROUNDING THE FINAL SHOT CHAMBER

FOR BLANCA EVENT

By F. N. Houser

The final shot chamber was in tuff characterized by variable 

physical and chemical features. To obtain some indication of the 

nature of part of the rock affected by the Blanca test, the weighted 

averages were calculated for the physical properties, mineralogy, 

and the chemical composition for the rock contained in a sphere 

having a diameter of 100 feet and centered at the shot chamber. 

Weighted averages for the rocks of the Toso section that were rep­ 

resented in this sphere before the test were calculated using the 

measured thicknesses (Appendix A) and adjusting for structure 

setting. The original sphere of rock would contain by volume 17.7 

percent of subunit D and 82.3 percent of subunit C.

No correction was made in the average composition of the sphere 

of rock for the void due to the tunnel nor for the steel, wood, and 

other constituents that were added in preparing the tunnel for use. 

The rock removed by construction of the tunnel was approximately 7,200 

cubic feet, or about 1.4 percent of the rock in the sphere. Detailed 

geochemical studies of the rocks in the sphere should take into account 

the volume, density, and composition of the nine steel sets, approxi­ 

mately 180 cubic feet of timber and the air pipes, ducts, electrical 

cords, rails, and ties. The greater density of the metals used would
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contribute more significantly to the composition of the various 

products of the blast than might be indicated by their relatively 

small volume. The timber would contribute hydrogen and carbon 

as well as other minor constituents.

The weighted averages for the following physical properties 

of the rock in the original sphere were calculated from tables 6, 

7, and 8.

Percent water content (by weight) 18.0 

Water content (by volume) g/cc 0.34 

Grain density, g/cc 2.3 

Natural-state bulk density, g/cc 1.9 

Dry bulk density, g/cc 1.5 

Porosity (percent) 33.4
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The original sphere of tuffaceous rocks has the following 

weighted average mineralogic composition. The averages were 

determined from data given in tables 1 and 2, Part III; the X-ray 

analyses of aphanitic material have been rounded to the nearest 

5 percent.

Percent 
(by volume)

Phenocrysts 5.8

Potassian feldspar 2.6

Plagioclase 1.5

Quartz 1.6

Magnetite 0.05

Mica 0.05

Xenoliths 4.5

Vesicles 13.4

Aphanitic material 76.3

Heulandite 30

Beta-cristobalite 15

Clay 5

Quartz 5

Remainder 20

Total 100.0
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The weighted average chemical composition was determined using 

the analyses in tables 3 and 4 for those parts of the sphere composed 

of tuff of subunit D and C, respectively. The chemical analyses in 

these tables were first weighted according to the thickness represented 

by each sample. The resultant weighted averages for each of the two 

subunits were used for the proportional amount of rock of both sub~ 

units composing the sphere. The weighted average chemical composi­ 

tion for the original sphere is as follows?

Percent 
(by weight)

Si02 69.7 

A1203 12.3

Fe 0 1.02 
2 3

FeO .06

MgO .44

CaO 1.8

Na20 1.2

K20 4.0

H20+ 5.2

H20= 4.3

TiO 0.14

P205 0.04

MnO 0.5

C02 0.09 

Sum 101
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The above weighted chemical average is based on the assumption 

that the compositions of subunit C and D are individually consistent 

throughout. The chemical composition assumed for subunit C, 

particularly, may not be entirely representative. Analyses for 

samples E5II°14, -16, and -17 (table 4) vary (in percent) up to 

1.2 for Si02 s, 0.6 for AlaOs, 0.12 for total iron, 0.08 for MgO, 0.3 

for CaO, 0.3 for Na20, and 1.1 for 1^0 from the weighted average 

composition of E5V°1, -2, and E5II-15. This is more variation 

for most of the oxides (with the exception of MgO and total Fe) 

than the variation among E5V-1, ~2, and E5II-»15, and might be 

greater for other lithologic units within the subunit C in the 

sphere.

Chemical analyses in table 3 represent the 17.5 feet in the 

upper part of the subunit D exposed in the original shot chamber 

and may not be representative of the lower half of the subunit. 

The petrographic and physical consistency of this subunit, however, 

suggests that it probably is chemically homogeneous.

One alternative interpretation that might enable estimation of 

a more representative chemical composition of TOSQ, or of any given 

part thereof, is made possible by figure 7, a diagram of major 

oxide variations. This interpretation assumes continual variation 

of the units within Tos~ from the oldest to youngest rocks. Not 

enough analyses are available, however, to warrant the use of such 

an interpretation in calculating the composition of the sphere of



52

rock described above. In fact, it is doubtful that the curves are 

everywhere as smooth as shown; more fluctuation in composition is 

probably present. It is hoped additional analyses of subunit D, 

and of subunits C and B will substantiate or modify this inter-*- 

pretation.

As shown in figure 7, Si(>2 and ^0 decline markedly from the 

base to the top of the 1083 unit; A1.0~, FeO, and Ti02 decline, 

then rise; MgO and CaO rise, then abruptly decline; and Na£0 

declines, then rises very abruptly. These differences in chemical 

composition may be related to mineralogic composition, particularly 

to differences in relative amounts of zeolite (heulandite) and 

feldspar. Thin-section studies indicate a higher feldspar 

content in the groundmass in samples from subunit A and relatively 

higher zeolite content in subunit D. The same variation in 

relative content is indicated by the X-ray analyses (table 2) that 

show heulandite composing an average 20 percent of subunit A and 

an average of 35 and 30 percent for subunits C and D.
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Appendix A

Detailed megascopic description of the Oak Spring formation 

exposed in the U12e.05 tunnel, Rainier Mesa, Nye County, Nevada. 

Measured by F, N. Houser and V. R. Wilmarth 

October 1 and 6, 1958

Top of section

Top of exposure is at the ceiling at the west end of the U12e,05 
shot chamber

Oak Spring formation (incomplete);

ToSo unit (incomplete»-highest stratigraphic exposure is in 
top lithologic unit of Tos^):

Lithologic Thickness 
unit no._________________Descriptions.______________(in feet)

subunit D;

Tuff, coarse, with small (4-8 mm) lapilli, 

dense, well-cemented, dark green-gray 

mottled and streaked with red in lower 

part, grades upward within a few feet to 

red pink and medium red; thin beds and 

laminae near base, grades upward to indis­ 

tinct, massive, thick beds. Lapilli: 

moderately to well-decomposed very light 

gray to white pumice (up to 30 percent in 

a few thin layers in the middle part, but 

in general ranges between sparse and 3
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Lithologic Thickness 
unit no,_______________Description (in feet)

percent). Coarse tuff fragments; very 

abundant light-gray to white decomposed 

pumice; common quartz 9 feldspar s and biotite; 

composes generally about 60 percent. Fine 

tuff (matrix): light red t© pink s decomposed 

volcanic fragments (generally OO percent) . 

elastics: common to abundant, quartzite 

subangular to subrounded and volcanic(?) 

fragments. Probably equivalent to bed 27 of 

Hansen and Lemke (1957 S p. 67-68). Samples 

E5IXX-1A-K (lower 20 feet), EC5A-C, E~G (upper 

15 feet). Base is at 736 feet (right wall). . 33.3+ 

Total of To&3 subunit D. ...... 33.3+

Tos~ subunit Cs

Tuff, coarse, with small (4«8 mm) and large 

(8-32 mm) lapilli, friable to well»cemented 

green~gray in lower part, pinkish-"gray in middle 

partj and brownish-red to pinkish~gray in upper 

part; distinct, thin even beds; top is pink, 

soft, gougelike material s 1~2 inches thick, 

along possible bedding plane fault. Lapilli; 

light-gray to white decomposed pumice as much
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Lithologic Thickness 
unit no._______________Description_______________(in feet)

as 20 mm long in some layers. Coarse tuff? 

moderately t© well-decomposed pumice; quartz, 

feldspar, and biotite. Fine tuff (matrix): 

very light gray and very light pinkish gray. 

Clastics: subangular t© subrounded, dark- 

brown quartzite and volcanic(?) fragments. 

Sample E5IX-19. Base is at 706 (right wall) 

and at 700 feet (left wall). ........ 3.5

3 Tuff, fine, soft, very light pinkish gray; con­ 

sists of one bed. Lapillis sparse decomposed 

light-gray pumice. Coarse tuff? decomposed 

light»gray to white pumice; sparse to common 

quartz, feldspar^ and biotite. Fine tuff: 

very light pinkish gray, Clastics? dark 

brown fine to medium grains ©f quartzite and 

volcanic(?) r©cks. Sample E5II-18. Base 

located at 700 feet (right wall) . . . . . 0.8-1.0

4 Tuff, coarse in lower one-third, fine in

upper two-thirds, friable to well cemented, 

very light gray t© white; thick-bedded; 

upper contact sharp. Coarse tuff: decomposed 

pumice; quartz and feldspar, little or n©
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Lithologic Thickness 
unit no._______________Description_______________(in feet)

biotite. Fine tuff; white. Clasties:

medium to very coarse grains and granules

of dark-brown to black quartzite and

volcanic(?) rocks. Sample E5IX-17. Base

at 700 feet (right wall) .......... 6.5

5 Tuff, coarse to fine, even-textured; greenish- 

gray; friable; indistinctly bedded. Coarse 

tuff: moderately to well-decomposed white 

and pale greenish-gray pumice. Fine tuff: 

light gray. Glastics: subangular to sub- 

rounded, fine to coarse grains of dark-brown 

quartzite and volcanic(?) rock. Sample E5II-16. 

Base located at 644 feet (right wall). . . . 2.5

6 Tuff, coarse, moderately well cemented to well

cemented, very light gray, laminated to thick- 

bedded; top is a well-cemented red even- 

grained, fine tuff. Coarse tuff: moderately 

to well»decomposed pumice. Fine tuff: very 

light gray to white, elastics: subangular to 

subrounded, medium to coarse grains of dark- 

brown quartzite and volcanic(?) rock. Includes
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Lithologic Thickness 
unit no.___________________Description_________(in feet)

a few beds in middle of unit of fine, 

uniform-textured greenish-gray tuff with 

sparse lapilli. Sample E5IX-15. Base is 

at 567 feet (right wall), 570 feet (left 

wall). ................... 7.5

7 Tuff, coarse, lapilli in some beds, moderately 

hard, light-gray and light greenish-gray, 

reddish-brown and orange-brown laminae; 

distinctly laminated to indistinctly, 

thinly bedded; upper contact sharp. 

Lapilli: moderately to well-decomposed, 

very light gray to white pumice. Coarse 

tuff: slightly to well-decomposed light 

greenish-gray to pale yellowish-white pumice;

quartz and feldspar, sparse at base increasing
» 

to common in the middle, little, if any, in

upper part. Fine tuff: light gray and light 

pink. Extremely friable bluish-white 

hydrated opal(?) abundant in certain of lower 

and upper beds. Clastics: dark-brown, sub- 

angular to subrounded fine to coarse grains 

of quartzite and volcanic(?) rock. In the
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Lithologic Thickness 
unit no.________________Description______________(in feet)

middle of unit is a fine tuff 9 very light

gray, porous with not over 10 percent of

coarse decomposed pumice fragments. Three

well-cemented red fine tuff layers, 0.5 to

0.8 foot thick, are at top and 4 and 2 feet

below top. Sample E5II-14. Base located

at 507 feet (right wall) .......... 9.5

8 Tuff, coar se, friable to well-cemented, light 

gray near base, grades to greenish-gray in 

middle, and reddish-gray in upper part; in­ 

distinctly bedded; top contact is sharp. 

Coarse tuff: slightly to well-decomposed 

pumice; sparse quartz and feldspar, little 

or no biotite in most beds. Fine tuff: 

light gray to light reddish gray. Some 

extremely friable bluish-white hydrated 

opal(?). Clastics: dark brown, subangular 

to subrounded, fine to coarse grains of 

quartzite, volcanic(?) rocks and trace of 

chert. At top is fine tuff, red, pumiceous, 

well-indurated, 0.8 foot thick. Sample E5II-13. 

Base is at 463 feet (right wall) ....... 8.5
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Lithologic Thickness 
unit no.________________Description______________(in feet)

9 Tuff, fine, with traces to 5 percent lapilli, 

moderately hard, gray streaked with red in 

lower part grades to reddish-gray and red 

in middle and to gray mottled with red in 

upper part; indistinct thick bedding; upper 

contact sharp. Lapilli and coarse tuff: 

slightly to well-decomposed very light gray 

to white pumice; traces of quart25 and 

feldspar. Fine tuff; light gray, light 

pinkish gray, and reddish-gray. Some 

extremely soft, bluish~white hydrated opal(?). 

elastics: sparse, subangular to subrounded, 

fine to coarse grains of dark-brown very f ine 

quartzite and volcanic(?) rocks. Sample E5II-12. 

Base is at 428 feet (right wall) ........ 5.5

10 Tuff, fine, moderately hard, light gray to light 

reddish gray, laminated to thin-bedded, upper 

contact fairly sharp. Coarse tuff; decomposed 

pumice with light yellow, microcrystalline alter­ 

ation mineral. Fine tuff: very light gray and 

light pink, elastics: sparse subangular to 

subrounded, medium to coarse grains of dark-
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Lithologic Thickness 
unit no.________________Description (in feet)

brown very fine quartzite and volcanic(?) 

rocks. Sample E5II-11. Base is at 393 feet 

(right wall), 390 (left wall). ....... 8.5

11 Tuff, coarse,, moderately hard, light greenish 

gray in lower part that grades to pale red 

gray in upper part; indistinct bedding; upper 

contact fairly sharp, wavy. Coarse tuff; 

moderately to well-decomposed pumice and 

common pale yellow microcrystalline altera­ 

tion mineral (montmorillonite?) in lower 

part of unit, some slightly decomposed pumice; 

sparse, coarsely crystalline quartz and 

feldspar. Fine tuffs very light gray in lower 

part to pale red gray in upper. Clastics: 

subangular to subrounded, medium to very coarse 

grains of dark~brown very fine quartzite and 

volcanic(?) rock. Sample E5IX-10. Base is at 382 

feet (right wall). ............. 1.4

12 Tuff, coarse, with granules and pebbles of

quartzite 9 moderately hard, light gray dis~ 

continuously banded with red in the lower
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Lithologic Thickness 
unit no.________________Description______________(in feet)

three-quarters^ not banded in upper one- 

quarter, banding may or may not be parallel 

to very thick bedding. Coarse tuff: 

slightly to well»decomposed pumice; quartz 

and feldspar common^ evenly distributed. 

Fine tuff: light red to ©range white, 

Clasticss common, subangular to subrounded, 

medium to very coarse grains, granules and 

pebbles of dark-brown to black quartzite and 

volcanic(?) rock distributed throughout; any 

given thin zone contains generally a narrow 

size range of these fragments. Sample E5II-9. 

Base is at 343 feet (right wall) ....... 4.0

13 Tuffj, coarse in lower half, fine in upper half, 

with up t© 5 percent lapilli, moderately hard, 

gray mottled with red and purple; very thick to 

thick bedding. Coarse tuffs very light gray 

to white decomposed pumice; quartz, feldspar, 

and biotite common. Fine tuff; white to light 

red and purple. Clastics; abundant, subangular 

to subrounded, fine (in the fine tuff) to very 

coarse grains (in the coarse tuff) of dark-brown
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Lithologic Thickness 
unit no.________________Description______________(in feet)

quartzite and volcanic(?) roek. The fine 

tuff of the upper half is generally harder 

than the lower half s is more obviously porous, 

and contains as little as 10 percent coarse 

fraction. Some extremely friable, bluish- 

white hydrated opaL(?>. Sample E5II-8. Base 

is at 308 feet (right wall). ........ 5.0

14 Tuff, fine with some coarse tuff beds s mod»

erately well cemented,, gray and red banding 

in basal 1 foot, remainder of unit is red 

mottled with gray; the lower banded part is 

gradational in color with unit 15 below but 

is in sharp contact on the basis of texture. 

Coarse tuffs white and pale yellow, slightly 

to well°dee®mposed pumice with thin red 

borders where fine tuff matrix is highly 

hematitic; light-red and light-gray aphanitic 

volcanic fragments; sparse quartz, feldspar, 

and biotite crystals,, Fine tuff: medium red, 

light red5, and light pink red. Traces of 

extremely soft, bluish-white, hydrated opal(?). 

elastics; subangular to subrounded, fine to
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Lithologic Thickness 
unit no.________________Description______________(in feet)

coarse grains, of dark-brown quartzite

and volcanic(?) rock. Sample £511*7. Base

is at 282 feet (right wall). ...... . . 5.8

15 Tuff, coarse except fine tuff in middle of unit 

and lapilli tuff in thin beds in lower part; 

we11-cemented, light gray and red, thinly 

banded in basal 0.8 to 1.0 foot, predomi­ 

nantly gray mottled with red at top; thinly 

laminated to very thin bedded; upper and lower 

contacts sharp. Lapilli, small (4-8 mm), 

moderately to well-decomposed very light gray 

to white pumice. Coarse tuff: slightly to 

well-decomposed very light gray and white 

pumice; quartz, feldspar, biotite, and iron 

opaques, sparse to abundant in different layers. 

Fine tuff: white, very light gray, medium red 

to red. Clastics: common to abundant (as much 

as 5 percent), subrounded, medium to very coarse 

grains of dark-brown quartzite and volcanic(?) 

rock. Sample E5II-6. Base 2 feet above track 

at 265 (right wall). ............. 5.0



66

Lithologic Thickness 
unit no.________________Description______________(in feet)

16 Tuff, coarse with lapilli, moderately hard, 

gray mottled and banded (particularly in 

lower 1 foot) with red and purplish red; 

very thin bedded. Coarse tuff: slightly 

decomposed (and slightly deformed) to well- 

decomposed white pumice; some black vesicular 

wad (Mn02)(?). Fine tuff: light reddish. 

Subrounded, dark brown, very fine grains of 

quartzite and volcanic(?) rock. Sample E5II-5E. 

Base is about 262 feet (right wall). ..... 0.5

Total of Tos3 subunit C
(lithologic units 2-16). ..... 74.7

Tos^ subunit B:

17 Tuff, coarse, with sparse to moderate lapilli in 

some beds, moderately hard to hard,gray and 

red thin bands in lower part thick (1- and 2- 

foot) banding and mottling in the remainder of 

the unit; laminated and very thin bedded in lower 

part, thin-bedded in upper part. Lapilli: 

moderately well decomposed pumice; trace of 

quartz and feldspar crystals. Coarse tuff: 

moderately decomposed white to very light gray
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Lithologic Thickness 
quit no.________________Description_____________(in feet)

pumice, some vesicular; angular to sub- 

angular quartz, feldspar and biotite, 

pumice fragments commonly have thin red 

border in the red parts of unit. Fine 

tuff: light gray and red. Sample E5II-5A-D. 

Base is 2 feet above track at 266 feet (right 

wall). .................. 5.0

18 Tuff, coarse, with trace ( O percent) lapilli, 

moderately hard, gray partly banded and 

mottled with red; fairly well bedded, very 

thin beds; sharp color contact at base, 

sharp textural contact at top. Lapilli: 

small (4-8 mm), white, well-decomposed 

pumice; angular to subangular quartz, feldspar, 

and biotite. Fine tuff: white and red. Sample 

E5II-4. Base is at 240 feet (right wall). . . 2.0

19 Tuff, coarse, with trace of lapilli, pink, red, 

purple mottled with gray. Lapilli: ({ 1 

percent) fine, soft, brown tuff fragments. 

Coarse tuff: well-decomposed pumice; trace 

subangular quartz, feldspar, and biotite.
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Lithologic Thickness 
unit no.________________Description______________(in feet)

Fine tuff: red. Sample E5II-3. Base is

at 214 feet (right wall) ........ 5.0

20 Tuff, coarse with rare lapilli, moderately

well-cemented; massive, light gray mottled

in part with purple; indistinct bedding,

Lapilli: rare decomposed pumice. Coarse

tuff: white decomposed pumice; common

angular to subangular quartz, feldspar,

mica, and black opaques. Fine tuff: very

light gray. Sample E5II-2. Base is at 206

feet (right wall). ............ 3.5

21 Tuff, coarse, moderately hard, light gray and 

red banded; bedding indistinct to distinct. 

Coarse tuff: white and light gray, decomposed 

pumice with pale yellow microcrystalline 

material (montmorillonite?), sparse to common 

angular to subangular quartz, feldspar, biotite, 

and black opaques; much of the biotite lies 

parallel to beds. Fine tuff: very light gray 

and red. Sample E5II-1. Base is at 179 feet

(right wall) ................. 8.0

Total of Tos3 subunit B (lithologic
units 17-21) ........... 23.5
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Lithologic Thickness 
unit no.________________Description______________(in feet)

1083 subunit A

22 Tuff, coarse, with kpilli moderately hard, 

light pinkish gray, light purplish red and 

medium red; bedding indistinct or structure­ 

less. Lapilli: from traces to 10 percent, 

slightly t© well-dee<3mp0sed white and light- 

gray pumice. Coarse tuff: decomposed 

pumice; angular to subangular clear feldspar, 

quartz, brown to black biotite, and black 

opaque grains. Fine tuffs pink and red. 

Samples E5X-3A t© 3B. Base is at 132 feet 

(right wall) ............... 11.1

23 Tuffs fine and coarse s hard to moderately hard, 

dark red in the lower part that grades to 

medium red in the upper; indistinct bedding, 

upper contact sharp. Coarse tuff: undeformed 

pumice, angular to rounded clear feldspar, 

biotite, and black opaques. Fine tuff: pink, 

gray, red°brown, and darkered, vesicular, some 

biotite; unit contains sparse canary yellow, 

finely crystalline material (montmorillonite?). 

Samples E5I-2A to 2B. Base is at 42 A(rlght 

wall). ..................... 17.2
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Lithologic Thickness 
unit no.________________Description______________(in feet)

24 Tuff, coarse* as much as 3 percent lapilli, 

light red to dark red, hard; indistinct 

bedding. Lapilli: (< 1 to 3 percent) 

white, light gray, tan, red, slightly to 

well-decomposed pumice and traces of 

indurated red tuff fragments. Coarse 

tuff: slightly to well-decomposed pumice, 

common biotite, sparse to common, angular 

to subangular clear feldspar and accessory 

lithic fragments. Fine tuff: dark pink 

and red, glass(?) shards and decomposed 

pumice, mica, and black opaque grains. 

Samples E5I-1A to D. Units 22 through 24 

are equivalent to bed 24 of To&3 of Hansen 

and Lemke (1957, p. 68).......... 10.2

Total of Toso subunit A
(lithologic units 22-24) . . . 38.5

Total of incomplete Tos3 unit. . 170.0


