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GEOLOGY AND STRUCTURE OF THE BROTHERS FAULT
ZONE IN THE CENTRAL PART OF THE MILLIGAN SE

QUADRANGLE, DESCHUTES COUNTY, OREGON

INTRODUCTION

Purpose

The main objectives of the thesis have been to construct a

detailed geologic map of a segment of the Brothers fault zone and

to describe the lithologic units encountered. The location of the

thesis area was chosen because there are several lithologically dis-

tinct units present which permit a study of the relative age of faulting.

In addition, a structural map of the Brothers fault zone was

constructed and the structural development of the fault zone described

in detail. The structural development of the thesis area has been

related to the Brothers fault zone as a whole.

Location and Accessibility

The mapped area is in the central part of the Millican SE quad-

rangle. It can be reached by driving thirty five miles east of Bend on

Highway 20, then six miles south on Con Gurney Road to its inter sec-

tion with Fox Butte and Moffit Roads. The mapped area covers por-

tions of T. 20S. , R. 16E. , and T. 21S. , R. 16E. (Fig. 1).

All of the mapped area is within two miles of gravel roads or
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jeep trails and is easily reached by foot. The topography is typical

of the High Lava Plains Province and the elevation ranges from 4000

to 6000 feet. Bedrock is exposed in approximately 25% of the mapped

area. Excellent exposures occur along tops of ridges and in gullies;

scattered exposures occur throughout the rest of the area. The

Moffitt Ranch is an active cattle ranch just inside the east boundary

of the thesis area and is the only local source of water.

Methods of Investigation

Field work was carried out during June, July, and August of

1974. The base map is the 7 1/2' Millican SE quadrangle Oregon.

Aerial photos with a scale of 1:24, 000 were used to aid in the map-

ping. A Brunton compass was used to take attitudes.

Samples collected in the field were used for several laboratory

studies. Selected samples were studied in thin section with a petro-

graphic microscope. Plagioclase composition was determined by a

combination of the Michel-Levy statistical method and the combined

Carlsbad-albite twin method. Vesicle fillings and aeolian deposits

were studied with the aid of a binocular microscope.

Whole rock chemical analyses were performed by Dr. Edward

M. Taylor and Ms. Ruth Lightfoot of the OSU Geology Department,

X-ray fluorescence spectrometry (FeO, CaO, K2O, TiO2), atomic

absorption spectrophotometry (MgO, Na2O), and the colorimetric
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method of visible light spectrophotometry (SiO2) were used. All

iron is recorded as FeO. The determination of H2O is not available.

Triaxial deformation experiments were carried out on a Donath

30, 000 P. S. I. triaxial deformation apparatus. The data were com-

piled and transformed to stress-strain curves by the Oregon State

University CDC 3300 computer.

The volcanic rocks are classified petrographically according

to Williams, Turner, and Gilbert (1964) and chemically according

to the following divisions based on weight percent of SiO2; basalt, less

than 52% SiO2; basaltic andesite, 52 to 58% SiO2; andesite, 58 to 66%

SiO 2'
dacite, 66 to 74% SiO2; r h yolite, greater than 74% S102 (after

Taylor, personal communication). Rock colors are based on the

"Rock Color Chart" (Goddard and others, 1963).
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GEOLOGIC SETTING

Regional Tectonics

The thesis area straddles the Brothers fault zone near Bend,

Oregon. The fault zone extends N. 75°W. from Steens Mountain to

Bend and consists of en echelon faults, none of which is more than

12 miles long. The Brothers fault zone separates the Basin and

Range Province, an area of recent east-west extension to the south,

from the mountains of north central Oregon, an area of little east-

west deformation during the same time interval (Lawrence, in press).

During the Pliocene the fault zone provided vents for large

volumes of volcanic material forming the flows of the High Lava

Plains Province (Fig. 2). This province is bounded on the north by

the Blue Mountains Province, on the west by the Cascade Range

Province, and on the south by the Basin and Range Province (Baldwin,

1964).

Regional and Local Geology

The volcanic material of the High Lava Plains Province is

predominantly basalt with a high alumina trend and associated rhy-

olites, dacites, and pyroclastics, The high-alumina basalts form

one of three groups of late Cenozoic basalts in the Pacific Northwest

as described by Waters (1962). The second group is made up of the



Figure 2. Location of the High Lava Plains Province (after Baldwin, 1964, p. 4).



Columbia River tholeiitic basalt of Miocene to lower Pliocene age.

The Columbia River basalt is present over a wide area in eastern

Oregon and Washington and northwestern Idaho and extends an unknown

distance south under the High Lava Plains Province. The area of

Columbia River basalt south of Prineville is the nearest outcrop to

the study area (Fig. 3). The Cascade Range hypersthene ande site

volcanics and high-alumina basalts form the third group and occur

west of the High Lava Plains Province (Fig. 3). They are Pliocene

to Quaternary in age.

Volcanic sedimentary rocks (tuffaceous sandstones, silt stones,

and conglomerates) and lacustrine deposits are interbedded with

basalt flows of the High Lava Plains Province. Alluvium, playa lake

deposits, fan deposits, and aeolian deposits of sand, ash, and pumice

cover low areas throughout the province.

The thesis area lies east of Pine Mountain, a silicic dome with

a complex of rhyolitic to dacitic flows. A very young (Quaternary)

basalt lies in a broad flat plain east of the area. Tuffaceous lacus-

trine deposits are found in a basin north of the area and are visible

in road cuts along Highway 20. A late olivine basalt mapped in the

thesis area extends south where it is covered by more recent cinder

cones and associated lava flows (Fig. 4).
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Previous Investigations

The thesis area lies in the eastern half of the Crescent

1:250, 000 quadrangle which was reconnaissance mapped by photo-

geologic and field methods (Walker, Peterson, and Greene, 1967).

Higgins and Waters (1967), Walker (1969, 1974), and Lawrence (in

press) all discussed the Brothers fault zone, Ages of silicic volcanic

rocks of central Oregon were published by Walker (1974) and ages

of basaltic rocks were published by Walker, Dalrymple, and Lanphere

(1974). Waters (1962) described the high-alumina basalts of the High

Lava Plains and Higgins (1969) described the airfall ash and pumice

lapilli deposits from Newberry Caldera which blanket the thesis area.
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STRATIGRAPHY

General Statement

Bedrock in the mapped area consists of two widespread basaltic

units and two little exposed units of dacite (Fig. 4). The two basaltic

units have been distinguished on the basis of microscopic petrography,

structure, and geomorphology. The two basaltic units are informally

termed the "older basaltic unit" and the "younger basaltic unit,"

herein. The more elevated, faulted, and topographically irregular

areas are underlain by the older basaltic unit. The younger basaltic

unit fills in the low areas, is relatively undeformed, and shows

relict surficial flow structures.

The dacites are distinguished on the basis of location and lith-

ology. The older of the two dacites is intimately associated with the

older basaltic unit and makes up the prominent hill known locally

as The. Brothers. The younger dacite occurs in the west side of

the area and is part of the Pine Mountain silicic dome complex.

The units show a distinct bimodal distribution in composition

typical of the Basin and Range Province. There are no rocks inter-

mediate in composition. Chemical analyses (Appendix 1) indicate

a tholeiitic trend for the basaltic units based on a graph by

MacDonald and Katsura (1964).
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Older Basaltic Unit

The older basaltic unit is the oldest unit exposed in the thesis

area. It is found on the ridges in the east and west sides of the area

and also covers the north central part of the area. The basaltic unit

varies in outcrop expression and texture. Two main types are dis-

tinguished on the basis of texture: a porphyritic olivine basalt or

basaltic andesite and a fine-grained olivine-bearing basaltic andesite.

Field Description

The total thickness of the older basaltic unit was not determined

but is at least 650 feet. Individual lava flows are thin; the largest

flow observed is 30 feet thick indicating that at least 25 flows are

present. The flows were not mapped individually because they are

not laterally continuous and are highly faulted. Instead they have

been separated into a coarse-grained member and a fine-grained

member based on the above textural differences.

Most of the older basaltic unit (approximately 75% of the

exposed unit) consists of the coarse-grained member. Phenocrysts

of plagioclase and olivine are visible in a coarse to medium-grained

(one to two mm), medium to light gray (N 5 to N 7) groundmass.

Outcrop expression varies from massive to scoriaceous, the ves-

icles of the latter being one to ten mm in diameter. Many
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vesicles are stretched (Fig. 5) and "cross-bedded" due to flow (Fig.

6) and some are filled with chalcedony and calcite. The basalt

weathers to a rusty brown (10 R 5/4). Outcrops exhibit spheroidal

weathering (Fig. 7) and some weathered surfaces have a polygonal

pattern which may be the result of cooling (Fig. 8).

The flows of the coarse-grained member are four to thirty feet

thick. The thicker flows vary in appearance from bottom to top and

can be divided into three parts. The bottom part of a thick flow is

platey (Fig. 9). The plates are one to twelve inches thick, are not

laterally continuous, and grade upward into more massive (structure-

le ss) basaltic material. The plates cannot be used to determine flow

direction or amount of tilting because they do not necessarily parallel

the base of the flow. Some of the larger sections of the plates are

curved (Fig. 10). Massive basaltic material forms the central part

of a thick flow (Fig. 11). The weathered surfaces are smooth. The

top part or surface of a thick flow is formed of blocks of basaltic

material one to five feet in diameter (Fig. 1Z). These lie in semi-

random orientation on the underlying massive part. Vesicles occur

in this part of the flow.

The thinner flows of the coarse-grained member of the older

basaltic unit consist of large blocks approximately three to four feet

in diameter which are similar to the top part of the thick flows.

Approximately 25% of the older basaltic unit is fine-grained
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Figure 5. Stretched vesicles in an older basaltic unit flow.

Figure 6. "Crossbedded" stretched vesicles in an older basaltic unit flow.



Figure 7. Spheroidal weathering in the older basaltic unit.

Figure 8. "Polygonal pattern" on the weathered surface of an older basaltic flow.

15
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Figure 9. The bottom part of a thick flow showing platey structure.

Figure 10. A thick flow of the older basaltic unit showing a curved platey section.
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Figure 11. The central part of
a thick flow showing
massive structure.

Figure 12. The top part of a
thick flow showing
semi-random orien-
tation of basaltic
blocks.
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(less than one mm), dense to vesicular, black to medium gray (N 1

to N 5) basaltic andesite. This rock type is found chiefly in the

northern part of the area, but similar flows are present in the

southern part where these flows occur interbedded with more typical

coarse-grained flows described above. The flows are a maximum

of 15 feet thick. The rock is massive to blocky in outcrop. Some

surfaces are spheroidally weathered; others are irregular and

knobby. The rock weathers to a rusty brown (10 R 5/4).

Two cinder cones are located in the southern part of the area.

They are 1/4 mile in diameter and deeply eroded so that the central

plugs are exposed (Fig. 13). A less eroded cinder cone is located

in the center of the mapped area (Sec. 10, Plate I). The highest

part of the northeast ridge (Sec. 17, Plate I) is another possible

location of a cinder cone. The cones are associated with layers of

red basaltic flows and large amounts of cinder. The cinder cones

are probably vents for some of the flows of the older basaltic unit;

they are intimately related to the older basaltic flows. Reddish

basaltic flows interbedded with scoriaceous debris dip away from

the centers of the cones and grade into the typical flows of the older

basaltic unit (Fig. 14). Occasional small units of red, massive to

scoriaceous basaltic flow rock, accompanied by cinders, occur

elsewhere in the older basaltic unit; but no structures indicative

of cinder cones are associated with them. These red units are
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Figure 13. Deeply eroded cinder cone.

Figure 14. Reddish basaltic flows dipping away from probable vent on a hill in Sec. 20 (Plate I).



20

probably oxidized basaltic lava formed within scoriaceous flow

surface s.

A dike cuts across part of the older basaltic unit in the southern

part of the thesis area. The dike is similar in composition to the

basaltic unit it cuts. It has a chilled margin and was probably a

conduit for a late flow of the older basaltic unit. The dike occurs

near a cinder cone and must have formed close to the surface on

which the cinder cone developed. The later flows formed by the

dike have been eroded away.

Petrography

The coarse-grained member of the older basaltic unit is

holocrystalline. It contains numerous ph.enocrysts and glomero-

crysts (Fig. 15) of plagioclase, olivine, and some augite in a

groundmass of plagioclase, olivine, augite, and magnetite. The

phenocrysts form ten to thirty percent of the rock and are one to

two mm in length. The glomerocrysts are two to three mm in

diameter. The groundmass of some flows exhibits a pilotaxitic

texture due to alignment of the small laths of plagioclase (Fig. 16).

A large flow in sections 5 and 6 (Plate I) in the southern part

of the thesis area is vitrophyric (Fig. 17). Olivine and plagioclase

phenocrysts two mm long occur in a glassy matrix which shows

some flow banding. This flow is related in age to the older basaltic
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Figure 15. Glomerocryst of olivine and plagioclase in the coarse-grained member of the older
basaltic unit. Crossed nicols.
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Figure 16. Pilotaxitic texture of the older basaltic unit. Crossed nicols.
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Figure 17. Vitrophyric flow of the older basaltic unit. Phenocrysts of plagioclase and
olivine in a silicic matrix. Uncrossed nicols.
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unit but is more silicic than the rest of the older unit. Because of

its local occurrence and distinct difference in composition, it is not

included in the following petrographic discussion.

The fine-grained member of the older basaltic unit is hypo-

crystalline. It contains crystals less than 1/2 mm in length of

plagioclase, augite, olivine, and magnetite with interstitial glass.

The glass comprises only three to five percent of the rock.

The mineralogy of the two types of the older basaltic unit is

quite similar. The following discussion of the minerals pertains to

both types except where specified.

Plagioclase phenocrysts are abundant forming 15 to 30% of the

rock. The compositions range from An
55

to An65'
Oscillatory zon-

ing with a normal trend is prevalent (Fig. 18). The phenocrysts are

generally euhedral, however the largest crystals are irregular in

shape and contain inclusions of magnetite, glass, and possibly other

minerals. (Fig. 19). The phenocrysts have good crystal outlines but

many are embayed. The olivine in the groundmass occurs as small

anhedral grains.

Augite occurs only rarely as phenocrysts but is common in the

groundmass and forms as much as 14% of the rock. It is often sub-

ophitic, partially enclosing small plagioclase laths (Fig. 20). It has

an extinction angle of 40 to 50° and a 2V of about 50°. Hypersthene

was found in the groundmass of only one fine-grained flow sampled.
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Figure 18. A. Plagioclase phenocryst in the coarse-grained member of the older basaltic unit.
Uncrossed nicols.

B. The same plagioclase phenocryst under crossed nicols showing oscillatory zoning.
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Figure 19. Magnetite and glass inclusions in a plagioclase phenocryst. Crossed nicols.

I/44 r" r.1-

Figure 20. Subophitic augite in the older basaltic unit. Crossed nicols.
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Magnetite is an abundant accessory forming one to three percent

of the rock. In several of the very coarse flows primary magnetite

is up to one mm in diameter. In general it occurs as small grains

in the groundmass. Secondary magnetite forms as an alteration

product of the olivine.

Apatite is a very minor constituent forming less than 1/2% of

the rock. It occurs as very fine needles in the groundmass of the

coarsest flow s.

Younger Basaltic Unit

The younger basaltic unit, a diktytaxitic medium-grained (one

to two mm) olivine basalt, is the youngest volcanic unit in the thesis

area. It consists of a series of thin, blocky flows filling the low-

lying parts of the area. The probable source of the lava is to the

south, an area which is covered by younger basaltic flows so that

the actual vents are obscured. The lava flowed north filling the basin

in the southeastern part of the area and continued down a canyon to

the northeast (Sec. 27 Plate I).

Field Description

The younger basaltic unit has low relief. Outcrops are visible

in stream gullies (Fig. 21) and along pressure ridges. The flows

are approximately ten feet thick with a lower massive part and an



27

upper blocky part. Surface flow features such as pressure ridges

and tumulae exist, but inner flow features are not visible. There

are a few blocky outcrops with vesicles. Fresh surfaces are medium

dark gray (N 4); weathered surfaces are dark gray (N 3) to black (N 1).

The younger basaltic unit is distinguished from the older basaltic unit

by its consistent equigranular and diktytaxitic texture and by its topo-

graphic position, though it was often difficult to separate the fine-

grained member of the older basaltic unit from the younger basaltic

unit.

Petrography

The younger basalt is diktytaxitic and fine to medium-grained

(Fig. 22). Large phenocrysts are rare but ten percent of the rock

is formed of plagioclase and olivine crystals slightly larger than the

groundmas s.

Plagioclase forms 90% of the rock and occurs as well formed

laths less than 1/2 mm in length. Crystals exhibit both simple and

laminar twinning. The composition of the plagioclase ranges from

An
58

to An63. Rare irregular phenocrysts of plagioclase greater

than 1/2 mm long contain glassy blebs and inclusions of magnetite.

The rims of these crystals, though embayed, are clear.

Olivine forms one to three percent of the rock and occurs as

subhedral to anhedral crystals altered slightly to iddingsite. The
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Figure 21. The younger basaltic unit is exposed in the lowest visible outcrop which was cut
by a gully.

Figure 22. The diktytaxitic younger basaltic unit.
Crossed nicols.
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The olivine is for steritic with a 2V close to 80°.

Augite occurs mainly in a subhedral crystalline form but also

in a semi-fibrous form. The crystalline augite is subophitic. Augite

forms one to three percent of the rock.

Magnetite occurs as an accessory. Its primary form is as

small anhedral grains. It occurs also as a secondary mineral after

the alteration of olivine.

Dacite s

There are two distinct dacites present in the thesis area. They

differ in outcrop expression, in mineralogy, and in apparent age

relationship to the basalts. They are described separately below.

Older Dacite

The older dacite occurs in the eastern part of the area. It

forms the part of Pine Ridge locally referred to as The Brothers.

The dacite is younger than the older basaltic unit but has undergone

the same amount of deformation. It is younger than the older basaltic

unit because it intrudes the older basaltic flows along Pine Ridge.

However, it is older than the main episode of faulting and, therefore,

the younger basalt.

The dacite is well weathered. Fresh surfaces are light gray

to white (N 7 to N 9). Weathered surfaces are dark gray (N 3) to
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pale reddish brown (10 R 5/4). Fresh samples are hard to obtain

since outcrops are brittle and fractured. The fracture planes are

nearly vertical and strike approximately northeast-southwest.

The rock is an olivine-bearing prophyritic dacite (70% SiO2,

see Appendix I). Euhedral to subhedral phenocrysts of plagioclase

form approximately 15% of the rock. Both simple and laminar twin-

ning are present. The phenocrysts are normally zoned with an aver-

age composition of An48.

Olivine xenocrysts form three to four percent of the rock.

They show strong resorption textures and are altered to iddingsite

and magnetite (Fig. 23). They were probably removed from the

edges of the magma conduit and carried along in the magma.

Magnetite also occurs as a primary mineral. Less than one

percent of the rock is formed of subhedral magnetite grains.

The light gray groundmass of the dacite forms 80% of the rock

and is extremely fine-grained to glassy. Poorly outlined plagioclase

microlites show a trachytic texture.

Younger Dacite

The younger dacite is associated with the Pine Mountain com-

plex. It forms a steep-sided, symmetrically shaped hill in the west

side of the thesis area ( Fig. 24). The younger dacite has been

faulted along the southeast flank of Pine Mountain but has not been
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Figure 23. Xenocryst of olivine and plagioclase phenocrys ts in the older dacite.
Uncrossed nicols.
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faulted to the north and east. The dacite covers the faulted older

basaltic unit and is, therefore, younger than the older basaltic unit.

The younger dacite is a porphyritic hypersthene-bearing dacite

(73% SiO2' see Appendix I). It is grayish pink (5 R 8/2) to light gray

N 7) on fresh surfaces and weathers to a medium gray (N 5). Out-

crops are platey but there are no visible flow structures.

Euhedral to subhedral phenocrysts of plagioclase form 12 to

14% of the rock. These are approximately 1/2 mm in length and

exhibit simple and laminar twinning. Some of the phenocrysts show

extreme oscillatory zoning suggesting a change in melt composition.

The average composition of the phenocrysts is An55.

Subhedral phenocrysts vary from 1/3 to 1/2 mm in length and

form three percent of the rock (Fig. 25). They are pleochroic in

shades of light green, pink, and yellow. The 2V is high, indicating

an iron content of 70%.

Large opaque oxides (magnetite) up to 1/2 mm long form two

percent of the rock and are alteration products of hornblende. There

is less than one percent unaltered hornblende preserved.

Magnetite also occurs as a primary mineral. Grains of magne-

tite in the groundmass form one percent of the rock.

The groundmass is extremely fine-grained and trachytic. It

forms 80% of the rock and is made up of plagioclase, oxides, and a

light green mineral (pyroxene ?).
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Figure 24. Steep-sided, symmetrically shaped hill or dome formed by the flows of the
younger dacite.

//x1' AL.

Figure 25. Hypersthene (pink), hornblende altered to magnetite (black), and plagioclase
(white) phenocrysts in the younger dacite. Uncrossed nicols.
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Surface Deposits and Geomorphology

A partial record of Recent volcanic activity in the High Lava

Plains Province is contained in the regolith of the thesis area. The

regolith is found everywhere in the area and consists of poorly bedded,

unconsolidated, volcaniclastic debris. Exposures are poor because

of the blanket-like nature of the deposit; the maximum thickness is

estimated at 15 feet. The unit is thickest in topographic lows, where

both pumice lapilli and ash are abundant, and thinnest on highs where

pumice lapilli are abundant. Individual beds vary in thickness from

one to five inches. The beds are difficult to distinguish and vary

primarily in content and size of cinder and pumice. The grains of

the deposit are angular and poorly sorted; grains range from ash size

to 20 mm lapilli. The unit consists primarily of cinders, pumice,

and ash; but lithic fragments, plagioclase, magnetite, and olivine

are also present.

The distribution and horizontal bedding of the regolith imply

aeolian deposition. Some of the volcanic debris may have had its

source in a group of cinder cones approximately ten to fifteen miles

to the south of the thesis area. Activity there has been dated at one

half to one million years ago (Walker, 1974). Ash from the eruption

of Mt. Mazama was not identified.

A one to five cm thick bed of pumice lapilli forms the uppermost
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continuous layer of the regolith.. The pumice is found throughout the

thesis area with few exceptions: steep east-facing slopes have very

little or no pumice. The pumice is thickest on west-facing slopes.

The pumice ranges in size from one to twenty mm and is white to

buff in color. Some of it is tinted red by the soil.

The source of this deposit was the Central Pumice Cone of

the Newberry Caldera (Higgins, 1969). During the second eruption

of the pumice cone, ungraded pumice lapilli and ash were transported

by strong west-northwest winds and deposited as far as 40 miles east

of the caldera. The pumice decreases in size from west to east.

Close to the caldera the pumice is as large as seven cm in diameter.

The eruption has been dated at 1720±250 years ago (Higgins, 1969).

Overyling the Newberry ash on the south side of the Pine Moun-

tain ridge are thin (six to twelve inches thick) aeolian deposits of

fine-grained, very light gray sand. The deposits are irregular in

shape, up to 50 yards across, and are found on the windward side

of the mountain. The sand is very well sorted and angular to sub-

rounded. Grains consist pf plagioclase, olivine, magnetite, and

pyroxene crystals, and pun-lice, obsidian, and lithic fragments.

Plagioclase is the most abundant constituent and explains the light

color of the sand. The sand has been winnowed out from deposits to

the southwest of the thesis area, carried across Kotzman Basin, and

deposited on the ridge.
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Thin alluvial fan deposits occur in the northern part of the

thesis area at the base of one drainage basin and in the eastern part

of the thesis area at the base of another drainage basin. The fans

consist mostly of sand and silt, are of low relief, and are locally

farmed. The geomorphology of the area is controlled by the struc-

ture. The drainage pattern takes the form of the fault pattern; stream

gullies are formed along faults. One major stream gully diverges

from this pattern; it follows the contact between the older basaltic

unit and the younger basaltic unit in the eastern part of the thesis

area.

Two of the major faults have very steep scarps which are

covered with talus. The talus obscures the outcrop and the strati-

graph.y is unknown.

The outcrops of hard rock which face southwest have long

parallel grooves one to five mm deep. The major storm winds

blow north-northeast and have polished and grooved the rocks with

pumice and sand (Fig. 26).

Sequence of Events

The geologic history of the thesis area essentially begins in

the late Tertiary period. The pre-Pliocene history has been ob-

scured by the Pliocene to Recent flows.
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Figure 26. Grooves cut and polished by pumice and sand blasting.
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The older basaltic unit, the oldest unit visible in the thesis

area, has been correlated with other basalts and basaltic andesites

of Pliocene age (Walker and others, 1967). The thin parallel flows

suggest that they were extruded on a surface with low relief. Some

source vents lie in the area. The horizontal flows of the older basal-

tic unit are abruptly truncated along the southeast margin of the area

by the older dacite which intruded the older basaltic unit during this

period. The main period of faulting began following the extrusion

of the older basaltic unit and older dacite.

The younger dacite, related to Pine Mountain (for which a date

is not yet available), was extruded near the end of the period of

faulting. A main fault cuts the dacite in the southwestern part of

the area. Shortly after this, the extrusion of the younger basaltic

unit filled the low sections of the area. The flows remain undeformed

except for one normal offset in the eastern part of the area. The

younger basaltic unit unconformably overlies the older basaltic unit

and the older dacite.

The deposition of wind-borne ash and pumice lapilli followed

the last extrusion. Little erosion has taken place and the rock units

and faults are well preserved.
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STR UC TURE

General Statement

The Brothers fault zone extends from Steens Mountain to Bend,

Oregon and is a relatively young feature along which the faults are

well preserved and distinct. Two sets of faults, designated herein

as "main" and "cross" faults, have been formed in the zone. The

thesis area lies in the northwest portion of the zone and was chosen

because the two sets of faults are well developed there and because

there are several chronologically distinct units which provide infor-

mation on the age of faulting. The faults in the thesis area were

studied in detail by the author by field work and on aerial photographs

in order to compare the structure of the thesis area with that of the

rest of the fault zone.

Local Structure

The general trend of the Brothers fault zone through the thesis

area is N. 50°W. The thesis area spans the fault zone, and the two

classes of faults, main and cross faults, are the primary local struc-

tures. The main faults strike N. 45°W. at angles of 5° to 20° to the

fault zone and the cross faults strike N. 40°W. to N. 55°W. at angles

of 80 to 85 to the main faults. Deformation in the thesis area is the

result of faulting. The lava flows have behaved in a brittle manner
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and have been tilted and broken with localized zones of crushed rock.

There has been no folding.

Topographic expression of the faults in the area is excellent.

The main faults are distinguished in the field as distinct scarps which

show little wasting on their dip slopes, but which are covered with

abundant talus at the base of their scarps. The cross faults are

largely expressed as stream gullies. The main faults show the

greatest vertical displacement and tilt the once horizontal lava flows

of the older basaltic unit as much as 15°. The main faults are all

steeply dipping ones, the majority of which are more than three miles

long. The gullies that identify the cross faults are the result of

streams flowing down the main tilt blocks and localized in zones

of crushed rock. Most of the cross faults are less than a mile long

with the exception of a two mile long cross fault near the center of

the area. The presence of the cross faults along the gullies is con-

firmed by changes in lithology across the faults, abrupt termination

of some of the main faults, and the presence of zones of disrupted

rock.

Quantitative estimates of displacements of the faults are diffi-

cult to determine because the displaced lava flows are thin and dis-

continuous. There are no useful marker beds. However, minimal

estimates for the displacements along the main faults are possible

at several localities because there has been little post-faulting
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erosion of the fault scarps. Relief along the flank of Pine Mountain

above Kotzman Basin in the southwest part of the area suggests a

minimum of 550 to 600 feet of vertical offset. The elevation of Pine

Ridge in the eastern part of the area is 550 to 600 feet above the basin

to its west and 800 feet above the basin to its east. These are mini-

mum estimates because the basins have been filled with an undeter-

mined thickness of the younger basaltic unit. Other main faults

show lesser elevation differences but most have displacements over

50 feet. More than 1000 feet of displacement may be present on

some.

The degree of offset on the main faults decreases away from

the center of the fault zone. Figure 27 shows successive cross-

sections of a main fault with decreasing amount of offset from the

center of the fault zone. This main fault eventually disappears under

the unfaulted younger basaltic flows.

Displacements on the cross faults are much smaller. The

maximum appears on the two mile cross fault where there is an

apparent downdrop of 40 feet on the south side of the fault, Most

cross faults have less than 20 feet of offset.

The main faults produce an almost uniform set of east tilted

fault blocks. All but two of the fault planes are on the west side of

the fault blocks and dip to the west. Lava flows in the blocks dip

from 15° east at Pine Ridge to 2° east in a block (Sec. 26, Plate I)
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Figure 27. Successive cross-sections of a main fault showing the
decrease in offset as the fault gets farther from the
center of the fault zone.
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with very low relief. In general, the blocks with greater offset have

greater rotation. Attitudes estimated on the Pine Mountain and Pine

Ridge faults suggest that the fault planes are steeply dipping, 75 to

80° west, in the area. (See cross-sections, Plate II). One exception

to this general picture is a fault plane which dips steeply to the east

in the central portion of the area (Cross-section BB', Plate II) with

a graben now filled with colluvium to its east. A hinge fault in the

central portion of the area is another exception to the general struc-

tural pattern. The hinge appears to be in the area of the long cross

fault. North of the cross fault the main fault is uplifted on the east

side and the block produced tilts eight degrees to the east. To the

south of the cross fault the main fault is uplifted on the west side

and the fault block produced is a horst with a westward dipping fault

on its we st side.

The relative sequence and age of the faulting is well established

in the area though the absolute ages are not known. The wide distri-

bution and planar flow layering of the older basaltic unit suggests

low relief in the thesis area prior to its eruption. This indicates

that the current Brothers fault zone has developed in the thesis area

since this event. The faults displace the older basaltic unit and older

dacite. The younger dacite covers some cross faults but is displaced

by other main faults. The younger basaltic unit filling in the low

area is largely unfaulted. The one exception is a main fault in the
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eastern part of the thesis area. Thus, the younger basaltic unit

postdates the main peribd of faulting. The cross faults are offset by

the main faults and appear to have formed just before or simultane-

ously with the main faults.

Regional Structure

The Brothers fault zone consists of a group of en echelon faults

trending N. 50°W. across central Oregon (Fig. 1). The en echelon or

main faults are from one to twelve miles long. Cross faults at approx-

imate angle s of 80° to the main faults are less than one mile long and

occur only in portions of the zone. The east end of the zone is at

Steens Mountain and the western end runs into and becomes part of

the Sisters trend (Lawrence, in pres s). To the north, the faulting

gives way to folding in the Blue Mountains. To the south the en

echelon faults curve into faults of the Basin and Range. Examples

of this gradation can be seen in the vicinity of Wagontire (Plate III).

The Brothers fault zone was mapped using U-2 hi-flight photos

with a scale of 1:120, 000. The photos were taken from NASA flights

72-114 and 74-110a. The faults were transferred to the Adel, Bend,

Burns, and Crescent 1:250, 000 quadrangles (Plate III). All structural

lineaments observed onthe ground surface were mapped as faults.

The hi-flight photos did not cover an approximately eight mile wide

strip running east-west across the zone. These faults were filled in
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by direct use of maps by Walker, Peterson, and Greene (1967) and

Greene, Walker, and Corcoran (1972).

In general, the faults appear to be steeply dipping normal faults,

The apparent vertical offset for some faults is a minimum of 600 feet

as observed in the thesis area. Other faults have smaller displace-

ments. Where possible the upthrown sides of the faults are marked

on Plate III. Some cinder cones appear to have minor lateral as well

as vertical offset. If lateral offset is present elsewhere, it is not

visible due to the lack of well formed drainage patterns and varying

lithologic units. The fault zone has been divided into three sections

for discussion on the basis of changes in the trend of the zone and in

the appearance of the fault pattern.

A section of the fault zone trends N. 50°W. from Steens Moun-

tain to Glass Butte and consists of main faults two to twelve miles

long which strike approximately N. 40°W. There are no cross faults

except in the area west of Harney Lake. There the main faults are

concentrated and a few cross faults are apparent which strike

N. 25°E. Wave cut cliffs and beach lines in the vicinity of Harney

Lake may be confused with faults, but most parallel the trend of the

faults and their general direction is probably fault controlled. Few

faults show up in the area west of Wagontire and was probably eroded

by the headwaters of Wilson Creek. The main faults between Steens

Mountain and Glass Butte are longer and farther apart than those in
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the thesis area, and there are fewer cross faults. This section ends

just north of Glass Butte.

Another section of the zone begins just south of Glass Butte

and swings slightly west to Pine Mountain. At Hampton the fault

zone trends N. 58°W. and at Brothers its trend has changed to N. 70°

W. The main faults at Hampton are two to ten miles long and strike

N. 45°W. At Brothers the faults become shorter, two to six miles

long, and strike N. 60°W. The main faults in this entire section are

numerous and closely spaced, and cross faults are abundant. The

area south of Brothers was checked on a brief reconnaissance. In

comparison with the thesis area, the fault planes are more steeply

dipping but show less vertical offset (Fig. 28). The faults are well

defined by unweathered scarps and the low areas have not been filled

by a younger basaltic unit.

The last section begins at Pine Mountain and the thesis area

and trends N. 50°W. until the fault zone swings north at Black Butte

to become part of the Sisters Trend. The thesis area is different

from the rest of the section. Its main faults are three to six miles

long striking N. 45°W to N. 35 °W. and cross faults are abundant.

To the northwest of the thesis area, the cross faults die out, and

the main faults become longer, six to twelve miles long, and strike

N. 35°W. The northwest section is similar to the section between

Steens Mountain and Glass Butte.
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Figure 28. A comparison of the faults in the thesis area with those in the area south of Brothers.
A. Faults in the thesis area have great vertical displacement. The fault planes

dip 70 to 75°.
B. Faults in the area south of Brothers have lesser displacements. The fault planes

are nearly vertical forming abrupt scarps.
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The approximate age of faulting has been correlated with the

age of volcanic activicy (Walker, 1974), as the latter is thought to

be the result of tectonic disturbances. The units visible at the surface

along the fault zone are basalt flows, rhyolitic domes, ash-flow tuffs,

and related volcaniclastic sedimentary rocks. The units are Miocene

to Recent and show a decrease in age from southeast to northwest.

The basalts (dates from Walker and others, 1974) show a very general

decrease in age from Steens Mountain (fifteen million years) to an

area just north of the thesis area (six to seven million years). Silicic

domes (Walker, 1974) show a marked decrease in age from Duck

Butte (ten million years) to China Hat (0. 76 million years). This

would indicate that faulting began at Steens Mountain approximatbly

fifteen million years ago and slowly migrated northwest. The last

stages of active faulting were ten million years ago in the vicinity

of Steens Mountain and activity ended at a later time farther north-

west along the fault zone.

The units of the thesis area do not correspond with this general

picture. The older basaltic unit of the thesis area is correlated

with the six to seven million year old basaltic flow north of Millican

as mapped by Walker and others (1967, 1974). The older basaltic

unit erupted before the main stage of faulting instead of resulting

from the faulting and the six million year date may be too old for

the onset of tectonic activity in the thesis area. The younger basaltic
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unit of the thesis area has not been faulted and it postdates the main

stage of faulting, but it is covered by the volcanic material of China

Hat. Therefore, the age of 0.76 million years for the final stage of

faulting in the thesis area may be too young. A date for the silicic

complex of Pine Mountain is needed because it more likely correlates

with the last stages of faulting in the thesis area.

Stewart, Walker, and Kleinhampl (1975) have included the

Brothers fault zone in the Oregon-Nevada lineament, a term they

have suggested for a 750 km long northwest trending belt of en

echelon faults from central Nevada to central Oregon. They attribute

this belt to a single fracture system or to a series of strike-slip and

tension zones and suggest this as a possible alternative model to the

development of the Brothers fault zone as a distinct and separate

feature.
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TECTONIC INTERPRETATION

The Brothers fault zone is a striking feature of regional north-

west tectonics and is especially interesting because it separates an

area of extension from an area of relative compression (Lawrence,

in press). The extensional faults of the Basin and Range are thought

to result from brittle fracture of surface rocks in response to plastic

extension of the substratum (Stewart, 1971). This produces a par-

ticular geometric fracture pattern which is related to the state of

stress at failure (Donath, 1962). The Brothers fault zone has a

consistent pattern of main faults and cross faults which correlate

with a strike-slip fault pattern produced by Tchalenko (1970) in his

Reidel experiment.

Structural Model

A study of shear zone structures was undertaken by Tchalenko

(1970) in which he compared structures formed in the Reidel experi-

ment with structures found in fault zones on a regional scale. The

Reidel experiment consists of placing several millimeters of clay

paste over two adjacent horizontal boards. One board is moved

slowly past the other and the clay is deformed as the board moves.

Five stages have been defined in the deformation process, The first

is the peak strength stage in which Reidel shears are formed at
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angles of 12° to the line of displacement between the boards and then

are rotated as far as 16° to this line. When clays with low water

content are used, shears called conjugate Reidel shears are formed

at angles of 78° to the line of shear during this stage. The second

stage is a post peak strength stage during which the Reidel shears

rotate closer to the shear line and new Reidel shears may form at

angles of eight degrees to the shear line. The third is also a post

peak strength stage during which "P shears," faults symmetrical to

the Reidel shears with respect to the line of shear, develop. The

pre-residual strength stage is the fourth stage during which continu-

ous horizontal shears are developed. The last stage is the residual

strength stage in which a single displacement shear forms parallel

to the shear line and is the prominent feature.

The fault pattern of the thesis area is as well developed as any

portion of the Brothers fault zone and, therefore, is representative

of the structure of all portions of the fault zone. The main faults in

the thesis area are formed at 5 to 20° to the trend of the fault zone

and can be correlated with the Reidel shears of the first deformation

stage which formed at angles of 12 to 16° to the line of shear. The

cross faults in the thesis area formed at angles of 90 to 105° to the

main trend of the fault zone. These can be correlated with the con-

jugate Reidel shears produced at angles of 78° to the line of shear in

the experiment. The differences in angles can be attributed to the
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inhomogeneity of the rocks in the thesis area and the uncontrolled

conditions during the period of faulting. In the experiment, the

conjugate Reidel shears are formed just before or simultaneously

with the formation of the Reidel shears and this relationship was

noted between the main and cross faults in the field.

The general pattern of the faults in the thesis area can be corre-

lated with the pattern of faulting produced during the peak strength

stage of the Dasht-e BoYaz earthquake of 1968 (Tchalenko and

Ambraseys, 1970). However, faults produced there were strike-

slip faults with little vertical displacement and the faults in the

thesis area are normal faults with no discernible lateral displace-

ment. A simple paper model (Fig. 29) of right lateral strike-slip

motion shows that if the ends of the developing Reidel shears are

stationary instead of allowing their opposing sides to move past one

another, normal faults with little lateral displacement are produced.

This is one way to account for the development of normal faults in

the Brothers fault zone.

The structural features of the thesis area described above

indicate that the fault pattern of the thesis area correlates with the

pattern produced by the first stage of deformation in the Reidel exper-

iment. According to this model, the thesis area is underlain by a

deep-seated right lateral strike-slip fault which has reached the peak

shear strength of deformation. The fault zone is right lateral because
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Figure 29. A simple paper model showing how normal faults are produced in a shear zone
if the ends of the faults are pinned.
A. pre-deformation. B. post-deformation.



54

the Reidel shears form a positive angle relative to the trend of the

fault zone. Since the fault pattern of the thesis area is considered

to be representative of the fault pattern throughout the fault zone, the

right lateral strike-slip model is assumed for all portions of the zone.

However, the Brothers fault zone cannot be attributed to a

simple right lateral shear as there are several variations along the

fault zone both in the faulting pattern and in the trend of the line of

shear. The pattern of Reidel and conjugate Reidel shears is not con-

sistent along the zone. Conjugate Reidel shears are abundant between

Glass Butte and Pine Mountain but are scarce elsewhere in the zone.

The basaltic unit in this section of the zone does not occur elsewhere

along the zone (Walker and others, 1967) and may have had the proper

mechanical properties for the formation of conjugate Reidel shears.

This does not affect the stage or type of deformation, however.

The trend of the fault zone or lateral shear is not consistent

from Steens Mountain to Black Butte. It changes direction abruptly

at Glass Butte and again at Pine Mountain. In addition, the fault zone

shows an apparent offset in the vicinity of Glass Butte. The zone of

main faults trending from Steens Mountain to Glass Butte ends just

north of Glass Butte and the next portion of the fault zone begins just

south of Glass Butte. This would indicate a southward shift of the

deep-seated strike-slip fault forming two separate faults (Fig. 30).

The trend of the fault zone swings north at Pine Mountain and would



Figure 30. Postulated deep-seated structure underlying the Brothers fault zone.
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indicate that the strike-slip fault changes direction there (Fig. 30).

The offset and changes in the trend of the fault zone occur in

areas of large silicic domal complexes formed of flows and flow

breccias, dacitic to rhyolitic in composition (Walker and others,

1967). These units show little faulting and some of the faults in the

basaltic units around the domes are truncated and covered by the

silicic units. It is possible these domes acted to pin the fault zone

thereby deflecting its trend. However, it is more likely that the

silicic volcanism is a response to the change in the deep-seated

structure and tectonics as it occurred after the main stage of faulting.

Regional Relationships

The Brothers fault zone is found at the northern edge of the

Basin and Range Province, an area of east-west extension shown by

both normal faulting and strike-slip shear zones. The Brothers fault

zone is one of several right lateral strike-slip shear zones in this

area. Three others have been noted in Oregon (Lawrence, in press)

and several have been described in northeastern California (Pease,

1969). The Walker Lane, another broad shear zone, extends north-

west across Nevada and is considered to be slightly older than those

in Oregon and California (Nielsen, 1965). The Las Vegas Valley

shear zone, the Death Valley-Furnace Creek fault system, and the

Stewart Valley fault are young shear zones in the southwestern part
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of the Basin and Range Province (Stewart and others, 1968).

Most of these shear zones show right lateral displacement.

The offset on the Soda Spring Valley fault system is estimated at

ten miles (Nielsen, 1965) and the offset on the Death Valley-Furnace

Creek fault system is as much as fifty miles or more (Stewart and

others, 1968). The total amount of extension across the Basin and

Range as indicated by both normal faulting and shear zones is esti-

mated to be at least 60 miles (Stewart, 1971; Thompson and Burke,

1974). The Brothers fault zone shows no lateral displacement rela-

tive to the other shear zones of the Basin and Range. This may be

because it forms a northern boundary of the province. The amount

of extension along this boundary may be less than elsewhere in the

province and further study to determine if extension decreases

northward in the Basin and Range and ends along the Brothers fault

zone is suggested.

There are two distinct events in the evolution of the Basin and

Range Province. Calc-alkalic igneous activity began 35 to 40 million

years ago and continued to the middle Tertiary. A change in the

tectonic pattern, the onset of Basin and Range type faulting, occurred

near the end of the Oligocene in southern New Mexico and Arizona

and the change slowly migrated northwest. This change in tectonic

pattern was associated with basaltic volcanism of a tholeiitic nature

rather than calc-alkalic igneous activity (Christiansen and Lipman,
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1972). The age of faulting along the Brothers fault zone indicates

that the tectonic change reached Oregon about 15 to 16 million years

ago and the northwest migration of the movement is borne out by the

volcanic activity along the zone. Walker (1974) noted that the age of

silicic volcanism decreased from southeast to northwest along the

Brothers fault zone. A similar and mirror image trend of increas-

ingly younger silicic volcanism from southwestern Idaho northeast

along the Snake River Plain was noted by Eaton, Christiansen, and

others (1975) and the correlation bears more study.

It is generally accepted that the onset of extension across the

Basin and Range is associated with the convergence of the East

Pacific Rise and the North American continental plate. High heat

flow, anomalous upper mantle velocities, and basaltic volcanism are

observed in the area of extension. Cook (1969) called for a model

in which the East Pacific Rise is situated under the Basin and Range

and is causing the upwelling of mantle material and the extension of

the province. Thompson and Burke (1974) suggest that the thermal

effects of the subduction process are still being felt in the Basin and

Range because the formerly descending lithosphere is still hot. This

would account for the high heat flow. In a model of Cenozoic plate

tectonics in the western United States, Atwater (1970) described the

Basin and Range as a wide soft boundary between two obliquely diverg-

ing rigid plates. Noble (1972) and Christiansen and Lipman (1972)
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support this idea stating that the high heat flow and anomolous upper

mantle seismic velocities are the effects of regional extension.

Christiansen and Lipman (1972) also suggest a relationship between

the Oregon plateau volcanism and extension which occurs in the fore-

land of the Pacific coastal orogenic and volcanic region and the exten-

sion noted by Karig (1971) that occurs behind some island arcs. This

correlation may lead to a more well defined or different model for

the development of the Brothers fault zone.
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APPENDIX I

Chemical Analy se s

TABLE A1-1

Older Basaltic Unit

Sample # 89 132 30 145 101

Si 02 52. 1 53. 4 54. 2 55. 1 57. 6

A1203 16. 1 16. 3 15. 8 16. 2 16. 1

FeO 11. 2 10. 8 10. 2 9. 5 8. 3

MgO 4. 9 4. 2 4. 9 4. 7 4. 5

TiO
2

1. 50 1. 55 1. 30 1. 25 1. 00

CaO 8. 6 8, 4 7. 0 7. 3 6. 9

Na2O 3. 8 4. 2 3. 5 3. 8 3. 6

K2O 0. 90 O. 95 1. 65 1. 55 1. 30

63

#89 Porphyritic olivine basaltic andesite.

#132 Porphyritic basaltic ande site.

#30 Fine grained basaltic andesite.

#145 Fine grained basaltic ande site.

#101 Fine grained basaltic andesite.



Table A1-1 (cont'd)

Younger Basaltic Unit Dacite s

Sample # 72 39 2 100

SiO
2

51. 0 54. 5 70. 2 73. 0

A1203 15. 7 16. 1 15. 0 15. 0

FeO 9. 5 10. 1 3. 4 2. 5

MgO 9. 0 4. 9 O. 2 0. 5

TiO
2

1. 15 1. 25 O. 10 0. 25

CaO 9. 5 7. 2 1.4 2. 3

Na 20 3. 1 3. 8 5. 4 3. 6

K2O 0.40 1. 45 2. 95 2. 50

64

#72 Olivine-bearing diktytaxitic basalt.

#39 Olivine-bearing basaltic ande site.

#2 "Olivine-bearing" rh.yodacite. (Older dacite).

#100 Hyper sthene-bearing rhyodacite. (Younger dacite
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Figure A1-1. MacDonald and Katsura graph for the separation of
alkalic and tholeiitic lavas.
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APPENDIX II

Mechanical Behavior of Selected Rocks

A study of the mechanical behavior of selected rock samples

from the thesis area reveals varied responses of the different types

to stress. Experiments were performed on samples TC, TF, and

QT by E. Tucker and R. Lawrence and on sample 461 by R. Lawrence.

All experiments were carried out on the OSU Donath triaxial deforma-

tion apparatus. Each sample was deformed under varying confining

pressure s. Stress- strain curves, the Mohr-Coulomb equation of

failure, and Young' s modulus were calculated for each.

The behavior of the rocks in response to stress varies from

very brittle faulting to ductile faulting. Sample TC, from the coarse-

grained member of the older basaltic unit, is very brittle (Fig. A2-1)

and a high stress (5. 5 to 6.5 kbars) was required to cause faulting.

Sample TF, from the fine-grained member of the older basaltic

unit, is less brittle and under high confining pressures deforms

ductilely (Fig. A2-2). The younger basaltic unit, represented by

QT shows very interesting behavior (Fig. A2-3). After an initial

fault is formed, there is a period of strain hardening followed by

another fault. This pattern is repeated more than once in each test.

The faults formed are probably conjugate faults because the cores

show no throughgoing fractures (Fig. A2-5). This phenomenon is
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probably the result of the vesicular nature of the samples. Sample

461, from the coarse-grained member of the older basaltic unit, was

added here because it is vesicular and shows much the same behavior

as the diktytaxitic younger basaltic unit (Fig. A2-4). Both these

samples also exhibit much strain hardening. A further study of these

vesicular rocks would be interesting to see what effect pores and

pore pressure changes have on their mechanical behavior,

The Mohr-Coulomb equation of failure was calculated for each

group of samples (construction not shown) and the equations are

written on each graph. In the construction, several Mohr circles

did not fit the line and were discarded on the basis that vesicles

or phenocrysts in each caused irregularities.

Young' s modulus was calculated for each experiment performed

to show the linear relationship between the stress and elastic strain.

This value, E, varies for each experiment and within each sample

and is probably dependent upon the minor irregularities in each

sample as well as on the change in mechanical behavior relative to

the confining pressure (Pc). See Table A2-1.
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Figure A2-1, Stress-strain curve for sample TC.
Coarse-grained olivine-bearing basaltic rock.
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Figure A2-2, Stress-strain curve for sample TF.
Fine-grained basaltic andesite.
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Figure A2 -3. Stress-strain curve for sample QT.
Diktytaxitic olivine-bearing basaltic rock.
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Figure A2-4. Stress-strain curve for sample 461.
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Table A2-1
Young's Modulus (E)

Sample P Values E Values
c

TC- 1 . 68 3.13

TC-2 1.01 3.11

TF- 3 . 33 2.30

TF-1 .68 3.61

TF-2 1.35 2.62

QT- 3 . 30 1.84

QT-1 . 68 2.20

QT-2 1.02 2.20

QT -4 1.34 2.13

QT- 5 1.67 2.66



APPARATUS 733--
SAMPLE 0. IC 1
DATE -----------16/15/75
OPERATOR TUCKER

75

CCNST ANTS

K1( = 1.703E-06
K2 (L.9. /0 TV.) = 730.0

/1 ) -=--1.10nr -' 3
K4 (IN./Le.) = 7.530.7-37

REC1R07.9 9CFORE RUN RECOR1r0 AFTER PUP*

1-I.IPERA TURF ( OEGREES C.) 25.0 0(SAT) -12.0
PCRE 0RF7SURE (PSI) 15.0 0 ( SC0) 0

--CONcrw4-P-RESSURE-4K-RARS) .68- -104-RSC7-4--- -54.0
ANISOTRPPY G DI RSAT ) 39.0
SAMPLE LENGTH (IN. ) 1.1800 (AFRO) -49.0
SAMPt-E--0/ Att!TtR-Ilmt-----------7111-0---1: ff'01-----------t---------

--V (0 )---(CU. -114. ) .21'53
L (CP) (IN.) 1.0753
LW) (IN;) 1.051P

--V-1C-P1 ( C9.341 ----7
A (F) (SO. TN.) .1.927

CALCUL4T5
--P(C)--(PERCENT)
E(PAT) (PERENT) 4.63
E( PCP) (PERCENT) 5.32
EI-E-tP1-1.P.E-RCE NI T ) --5-1-7t
P(C) (K-3ARS1 .68

NO. 1 (I) 1 (I) STRESS I'(-BAS) STAIN Ca

it 0 1 0 3

21 5.n 9.0 657 .1811 EA.33
41 25.0 43.0 3.114 965 E.9
51 75.0 -60.0
6: 43.0 61.0
71 450 74.0

--- -81- --53.8 _73.0
91 55.0 69.0
10: 63.0 59.0

-11 t 71-71 5 _.
12* 81.0 4?.
131 90.3 37.0

-141-111.3- 34.0
151 111.0 33.0

----163---12-21.-0 - -3--2.-.0

17: 125.3 31.0

4.329 1.359
4.895 1.570
5.312 1.945
5.594 -2.191 E E.._ _______

4.864 2.965
4.149 3.746
35i7 4.92
3. C34 6.111
2.647 7.200
2.4-32
2.361 9.196
-2.299
2.217 10.737 F.:2



----APPAR-ATUS -733
SAMPLE NO. TC 2

C6/16/.75-
OPERATOR TUCKER

76

CONSTANTS

1.730E-06
K2 (L9. /PTV.) = ?Aral
K-3 (IN./L3.4-=-1.J3ZE-D3
K4 (IN. /LP.) = 7.5iICE-07

RECCRDED BEFORE RUN RECORDED AFTER RUN

-7:14TEmPEATURE UDEGRFE5 25.0 -DUSAT)
PCRE PRESSUPE (PSI) 15.r 0(SO01 0

____coNFININr-PRESSURELAX.,,BARSt-____ 1.11 DIRS:;01 -201.0
176.0ANISOTRO'Y O(RSAT1

SAMPLE LENGTH (TN. ) 1.3730 L(FRO) -73.0
.X529 tArSA

N13) (ZU.IN.4
L(CP) (IN.) 1.0670
1(F) (IN.)' .91373

(CU.Ir.) .2
A(F) (SO.IN.) .2C43

CALOULATED

EtCP) (PERCENT) ______.79-
E(PAT) (PERCENT) 17.76
E(PC01 (PERCENT) 13.75
E+ 3.-56-

P(C) (K-BARS) 1.11

NO. (I) L (I) STRESS (K-OARS) STRAIN (V.)

11 0
21 5.0 9.0

0
.655
.951

0
.132
.54 =AJs . . .I.

4t 25.n 45.0 3.251 .919
5: 35.0 64.0 4.619 1.241
6: 45.0 R1.0 5.736 1.668
7: 51..0 87.0 6.22? 1914

55.Z 6.633 2.191___34
91 61.0

_Lt.()
92.1 6.578 2.692

10: 65.0 89.0 6.271 3.256
. . . 7 2

121 95.0 45.0 3.C36 7.471
131 115.1 28.1 1.899 9.886
141 15.0 43.-1 1.214 12.079
15: 145.1 15.1 1. 012 /3.112
16s 12.0_ _151.0_
17: 155.1 lo.r

.1111./
.675

_13.676
14.219

Jai ie..1.o 1.6 .540 14.741
7. .-57-2-419: 165.0

20: 175.0 5.0 3117 16.243
21: 185.0, 4.0 .270 17.212

----22: 11-5.0 .202. 1.31.111-77



APPARATUS 733
SAMPLE NO. TF...1

DATE 06/13/75
OPERATOR TUCKER

CONSTANTS

KI(IN./LB.) 1.700E-06
K2.(LB./DIV.) .200.0
K3 (IN:/LB.) .0010
K4 (IN. /LB:) 7.500E-07

RECORDED BEFORE RUN

TEMPERATURE (DEGREES C.)
PORE PRESSURE (PSI)
CONFINING PRESSURE (KBARS)
ANISOTROPY
SAMPLE LENGTH (IN. )
SAMPLE DIAMETER.(rN.)

77

RECORDED AFTER RUN

25.0 D(SAT)
15:0 DISCP)
.68 DCRSCP) 79.0

0 D(RSAT) 65:0
.9950 L(FRO) -49.0
:4920 L(FR) 0

CALCULATED

V(0) (CU.IN.) .1892 MCP) (PERCENT) 447
L(CP3 (IN.) .9943 E(PAT) (PERCENT) 7.34
LIT) .9727 E(PCP) (PERCENT) 7.94
V(CP) (CU.IN.) .1888 ECECP) (PERCENT) 1.63

ACF) (SQ.I.N.i .1941 PIC) (K -BARS) .:68

NO. DC') L(I) STRESS (K- BARS) STRAIN (I)

it 0 0 0 0
21 3.0 3.0 .217 .199
3t 4.0 7:0 .507 .163 -A
41 6.0 11:0 :797 .227
5$ 9.0 16.0 1:157 :358

6t 12.0 21.0 1.517 .489
7t 14:0 26.0 1.878 .519
8t 17.0 31.0 2.236 .650
91 19.0 35.0 2.523 :714
10t 21.0 40.0 2.882 .744
111 24.0 44.0 3.165 .909 -B
121 26.0 47.0 3:378 1.008
13: 29.0 51:0 3.659 1:173
141 32.0 56.0 4.012 1:303
151 34:0 58.0 4.150 1.436
16: 36.0 59.0 4.214 1.603
171 37.0 61.0 4.356 1.635
181 39.0 61.0 4.347 1.836
191 41.0 61.0 4.338 2.038
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201 42:0 60:0 4:261 2.172 ag
211 43:0 59:0 4.190 2:307
221 44:0 56;0 3.977 2.510
23: 46.0 53.0 3.764 2.814
241 47.0 51.0 3.622 2.983
251 49:0 58;0 4:149 2:945
26: 50.0 46.0 3;267 3;456
27: 52.0 45.0 3.196 3.691
281 54.0 44.0 3.125 3:926
29, 57;0 43;0 3.054 4.262
30, 59.0 42.0 2;983 4:497
311 61;0 42.0 2.983 4:699
32, 64;0 42.0 2.983 5;000
33: 67.0 42.5 3:018 5;285
34; 69;0 42.5 3;018 5;486
351 74.0 41.0 2.912 6:040
36: 79;0 41.0 2.912 6:543

'37: 84;0 41.0 2.912 7.046
38: 89.0 41.0 2.912 7.549
39: 94:0 41.0 2.912 8;051
401 99.0 40;5 2.876 8:571
41s 104.0 40:5 2.876 9.074
42* 109.0 40.5 2.876 9.577 *.Z

APPARATUS .733
SAMPLE NO. TF-4
DATE 06/13/75
OPERATOR TUCKER

CONSTANTS

Kl(IN./LB.) 1.7005..06
Kg mn:/prv.) -200:11
K3 s(jhr.71.84,4-0 .4018
K4 CIN;11.13:) = 7.500Fr07

RECORDED BEFORE RUN

TEMPERATURE CDEGREES*C.)
PORE PRESSURE CPSI)
CONFINING PRESSURE-CK-BARS)
ANISOTROPY
SAMPLE LENGTH CIN. )
SAMPLE DIAMETER-CTN.)

RECORDED AFTER RUN

25.0 DC SAT) -16.0
15;0 VCSCP) '0

1.35 D(RSCP) 78.0
0 D(RSAT) 610

.9755 LKFRO) -980

.4920 LCFR)
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CALCULATED

V(0) CCUIN.)
L(CP) :IN;)
L(F) (IN.Y
Ar(CP) -CCU:IN.)
ACE) (scl.rs.)

NO. D(I)

Is 0
2s 3.0
3s 5;0
41 7;0
Ss 10;0
6: 12;0
7S 14;0
St' 16;0
91 18;0
10S 21;0
Ili 23;0
12S 25;0
13$ 26;0
148 28;0
151 31;0
16s 34;0
17S 36;0
18t 38;0
191 39;0
20$ 41;0
211 42;0
22: 44;0
23S 46;0
245 48;0
251 49;0
260 51;0
274 53;0
28s 55;0
29: 57;0
30: 59;0
31: 61;0
32i 64;0
33i 67;0
34i 69;0
35s 71;0
36s 73;0
37i 75;0
38i 77;0
39: 80;0
40: 83;0
41: 86.0
428 89;0

.1855

.4742

.9437
11847
.1957

LCI)

0
5.0
9;0
13;0
17;0
21;0
25;0
WO.
32;0

. 37;0
40;0
42;0
45;0
47;0
52;0
56;0
59;0
61;0
62;0
64;0
65;0
07;0
69;0.
70;5
71;0
71;5
72;0
72;0
.71;5
71;5
71;0
71;0
71.0
71;0
70;5
70;0
69;5
69;0
68;5
68;0
67;5
6 7;0

E(CP) (PERCENT) .13
E(PAT) (PERCENT) 7;89
ECPCP) (PERCENT) 5.01

. E(ECP) (PERCENT) 2.40
P(C) WBARS) 1.35

STRESS (IC-BARS) STRAIN CS)

0 0
.363 .133
;653 199 ol%
;943 ;265
1;230 ;433
1 519 ;499
1;807 ;565
2022 ;665
2309 .731
2 666 .864
2;880 .965
3;020 1;100 .3
3;235 1;095
3;374 1;234
3;728 1.367
4;008 1;536
4.219 1636
4;356 1;772
4;424 1;839
4;561 1;975
4;629 2;043
4;764 2;178
4900 2;314
4;999 2;467
5;030 2;552
5;055 2.740
5;081 2;928
5;070 3;133 '-F
5;035 3;354,
5;035 3;561
5;000 3;784
5;000 4;092
5;000 4;400
5;000 4;605
4;964 4;828.
4;929" 5;050
4;894 5;273
4;859 5496
4824 5;821
4;788 6147
4;753 6;472
4;718 6;797
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43s 92;0 67;0 4;718 7;105

44i 94;0 66;5 .4;683' 7;328

45* 98;0 66;0 4;648 7;756

461 100;0 66;0. 4;648 7;961

471 103;0 55;5 3908 $;636

48t 106;0 55;5 3;908 8;944

49: 109;0 55;5 3908 9;252

50: 111;0 55;5 3;908 9;457

511 115;0 55;0 3;873 9;885

52 t 1190 '55;0 3;873 10;296 6.Z

APPARATUS 733
SAMPLE NO. TF -3

DATE 06/13/75
OPERATOR TUCKER

CONSTANTS

KICIN./LB.) 1.700E06
K2MS./MVO se 200.0
K3 cibol.a.y .ogis
K4 (IN;?LB;) = 7.500E07

RECORDED BEFORE RUN

TEMPERATURE (DEGREES C.)
PORE PRESSURE (PSI)
CONFINING PRESSURE (K BARS)
ANISOTROPY
SAMPLE LENGTH (IN. )
SAMPLE DIAMETER cal.)

V(0) CCU.IN.) .1882
L(CP) .IN.) .9896
L(F) (IN.) .9725
V(CP) ;1880
A(F) CS0.1.N.) .1933

RECORDED AFTER RUN

25.0 D(SAT) -4.0
15:0 D(SCP) .0

.33 D(RSCP) 89.0
0 D(RSAT) 78.0

.9900 L(FRO) -24.0

.4920 L(FR) 0

CALCULATED

ECCP) (PERCENT)
E(PAT)-(PERCENT)
E(PCP) (PERCENT)
E(ECP) (PERCENT)
P(C) (KzBARS)

NO. DCI) LCI) STRESS CKBARS) STRAIN (I)

Is 0 0 0

21 3.0 3.0 .217
31 5.0 6.0 .434
41 10;0 15;0 1;083

0
.200
.299 0.A
.495

.04
8;28.
8;99
;42
.33



81

Ss 15;0 23;0 1;657 726
61 20;0 31;0 2;228 ;956

71 25;0 38;0 2;724 1;221 11

8: 28;8 40;0 2;860 1;455

91 29;0 41;0 2;930 1;522

104 31:0 41;0 2;924 1;724 F

11$ 38;0 28;0 1;997 2;878
122 40;0 28;0 1;997 3;080
131 43;0 28;0 1;997 3;383
144 45;0 28;0 1997 3;585
151 49;8 28;0 1997 3;989
16: 51;0 27;0 1;925 4;226
17s 55;0 270 1;925 4;630
18: 60;0 26;0 1;854 5;170

19s 65;0 25;5 1;818 5;692

201 70;0 25;0 1;783 6;215
21s 73;0 24;5 1;747 6;737
22s 80;0 24;0 1 711 7;259

231 84;0 24:0 1;711 7;664
24u 90:0 24;0 1;711 8;270

25; 95;0 24;0 4;711 8 775

26s 100;0 23;5 1676 9;298
27s 1010 23;0 1;640 9;416 «Z



APPARATUS 733
samPt. NO. OT 1

---OATE D6/16/7C'
OPERATOR TUCKER

82

CONSTANTS

Kl(IN./Le.) = 1.700E-06
K2 (LP./OIV.) = 71r.0
K3 (IN./L.) = 1,100E-e3
K4 (TN./L1.) = 7.500E-07

RECORDED PEEDRE RUN

25.0
0

.68
C

.9610

...cs70

PECORD=0 AFTER RUN

TEMPERATURE (DE(REES C.)
PCRE PRESSURE (PSI)

---CCNEINING PPESSURE- (K-3APS1---
ANISOTRODY
SAMPLE LENGTH (TN. )

0(SAT)
O(SC°)
DiRSCD)
O(RSAT)
L(F))

-9.0
0

51..0 -------
44.0

-49.0
-0--SAMPLE OIAKT_TER (It,.) LtFR1

V(1) (CU.IN.) .1427
L(CPY (IN.) 9F93
L(E) (IN.) .9449

---VtCPV-Atti-;IN.) .1.,14
1974A(E) (SC.IN.)

nti)NO.

it
21

n

5.0
7.1

44
51

10.0
14.0_____

61 17.0
71 211.0
41 22,0
91 24.0
134 25.0
I

.

1?1 27.0
131 21.0
141 39.0
154 30.0

31.1
17% 12.0
191 34.0

CALCULATED

E(C) (PERCENT)
E(PAT) (PERCENT) 5.5?
E(PCP) (PFRCENT) 6.05

1.Z1E(rOP1-1?E'RCENT1
P(C) (K-1ARS1 .68

L(I) STRESS (K-BARS1 STRAIN (7.)

R.:01

11.0 .7/1 .34-0
.239

.475

9.1 .591

31.0

16J71

.916 E9
1.87526.P

33.4 1.124
75.0

2.371+-
2.514 1.261

37.0 2 1.295:657
.361

-, .

77.0 2.651 1.513 =F
-16.1 2.510 1.641
75.0 2.501 1.79?
37.0 1:3;7-7 2.09--------. 2213-g-

2.16F,

32.0
,
2.297 2.201

12.P 2.293 2.41e
----1.91----36-.-t-- _. . . tt

201 31.0
714 41.0
221 42.0

_ 231 44.0
---- 244-- -44.0

251 41.0
261 51.r

241 54.0
7qt 56.0
30t 51.0
312 61.0
322 62.i.
331 64.0

33.0
33.5 2.329 2.819

31.1
2.165
2.355

3.0J0
3.214

3/.0 2.297 3.452
-34.5- -3.67q
32.1

2.257
2.293

31.0 2.365
3.869
4.042

74.1
u.253

75.P

2:411
2.436

4.597
4.424

35.0 2.501
2.501

;t1.;
4.124

75.5
i.;44
2.544 5.413

5.215



34 t 64.0

36 70.0

----3711 -17 I:: 3
391
401_

76.0
.73.0

411 81.0
42! 81.0

34.0
. .

7'6. 2.580
2.550

0

2.518'
2.436

75.1

33.5 24411'
33.1
33.4
33. 5
33.5

5.614
4.131-2
6.056
6.31r
6.524
6.7572.36

- 2.365 6.941
2.430 7.152
2.400 7.256

---APP ARATUS 733
SAMPLE N9. OT 2

---0 ATE 06/14/75
OPERATOR TUCKER

83

---.

EZ

CONSTANTS

= 1.710E-06
K2 (1_ F. /DIV.) = 20C.
K t IN. /I_ P.-)-=-1.-00-0E-13
K4 (IN./Le.) = 7.500E-07

RECORDED DEFORE PUN RECOROE1 AFTER RUN

TEMPERATURE (DEGREcS C.) 25.P
PCPE PRESSURE (PSI) 0
CCNIPINTNI PRr-SSURF-4K-1APSY 1.12--
ANIS1TPCPY 0

SAMPLE LENGTH (IN. ) .9620
---sA4Ptf-etwillf-11-mli .412-0

CALCULATED

--- I (1) 1-8-79--
LICP) (IN.)
L(F) (TN.) .9470

--V .

A(F) (SO.IN.) :19i6

0(SAT)- -11.0
OtSCP)

0(RSAT) 50.0
L(FR1) -74.0
L(-Fitt --Q

f (CP) (PECENT) -1.11
E(flAT) (PP0CENT) 6.34
E( PCP) (PERCENT) 7.31
E t-ECP1--t PIERCE N T 132-
0( C) (KBa RS) 1.02

NO. 1 (I) L(I) STRESS

11 0 0-
21 5.0 1.0

.'

11. t,
41 11.P 15. e
51
6 s

11.0
14.0

21.1
?6.1

(K-9ARS) STRAIN (Z)
___ __

0
.579

01

.237 EA

.3744-

.5'19

.544
.744
.951 E971 21.0 .11. 0

82 23.0
2.225

1.1182,581- 36.1 --

101 27.1 42.1
2.79291 25., 39. 1.271
2.004

11-:g;--------"-IA : --Zit .-s--------4-3:11------7--t_

---

121
131
14'
151
163

21.0
-71.0
71..0
33.12
34.0

43.5
43, P

2.137
.7, . 071

4?. C
41.0
41.1

2.928
_ ----------------2. 9895° .

17: 75.0 2.755
191 34.0 ;1: E 2.821
1-91
201

27 .4,33.t4-3:0lg. 0 22.879

211 19.0 73.5 2.749.
22! 41.1) 74.0 2.714

1.477 EF
1.599

.

1.731

2.121
. C.J

2.346
2.43?
2.571
2.693
7.115
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85

NO. n(T) LII) STRESS (K-,BARS)

n
.435

STRAIN (X)

n
.319 EA

11 02: 5.0
0

6.0
11
4: 10.0
51 13.1
6: 16.0
71 11.0

-- it

t-R-i--0

13.0
1R.P

.72*
41

1.309

.41P

.592

.711
21.(7
24.0
'7 T. ft

1.514
1.725
1.942

.924
1.026

__20,r
91 21.0 21.0 2.013 1.197

13t 21.0
-11-1-2-11-'1.

29.0 2.053 1.266
E-411-77-01 1 .351 f

12: 24.0 28.0 2.010 1.510
_ 131 25.0

----IA: --27.1
77.5 1.974 1.632

1.85927.0 1.938
152 21.0 25.5 1.531 2.016

171 31.0
-23.5
24.0 1.723 2.312

181 13.0 74.0
--11: 1.723 7.59135.1---:7-17-5---- 2T1111

201 37.0 23.0 1.651 3.043
21* 1.0 23.5 .637 ,.

7
.

22! 41.0 23.5 1.687 3.443
231 41.0

, 3.0 1.651 3.669
---243-1--45.4-- 23.4 1.651 3.878-------

251 47.0 23.0 1.651 4.086
26! 50.0
-271

23.0 1.651 4.399
'3.0.5-5-;t 4.921

281 63.0 23.0 1.651 5.442
291 65.0-101-70.0 22.5 1.615 5.911

2?.n 1.579 6.521-
311 75.0 72.0 1.579 7.042

03.0- --22.P - -- 1.579--- -----7.564 -

331 95.0 22.0 1.579 8.095
141 91,C 7711 1.579 9.607

36t 95.0 21.0 1.507 9.476 EZ

APPARATUS 733
SAMPLE NO. OT 4
GATE {16116/75
OPERATOR TUCK

CCNSTANTS

= 1.70:1E-06
K2 (LP./OIV.) =

K4 (IN./19.) = 7.5007-97

RECORDED 9EFOQE PUN

TEMPFRATIIRF (OFGREfS C.)
PCRE Por:SSUPE (PST)

---CCNFININr, PPFSSUF-1K-IARS,---
ANISOTRCPY
SAM°LE LENGTH (Pl. 1

RECOROrD

75.0
r

1.34--
0

.1E65

0(SAT)
o(scP)
/.1IRSC43!
DIRSAT)
L(FRO)
L(1- il

AFTER RUN

-16.0
0

111.1
94.0

-97.0
U-S-A1iPUE-CT1P-TETE12-TT1' i .ci-01.eu



--HI (0) (CLL. IN 4-1 937
L(CP) (IN.) .9650
l(F) (TN.) .4551

TC17 rTITINT) 1
A(F) (SC.TN.) .1113

86
CALCUaTED

EtCPY-199CENT4--------415-
E(PAT) (PERCENT) 11.38
5(PCP) (PERCENT) 11.50

Fill -I 17 -. RCEITTT
P(C) (K-BIR5) 1.34

NO. n(I) 1(I) STRESS (K-PARS) STRAIN (%)

11
21 2.0
51 5ll
4t 8.0

_ 1 _
61 14.0
71 15.P

91 23.0
101 74.0
11:

0 0 0

9.11 .b-5Z
.166 EA
.Z.11

4.n .291

18.0_
.942 .371 E311.0

.506
23.0

1.302

27.0 ..W7

17.10

1.950
1.652

2.378 .910 EP-

39.0 1:E1
63.5

2.811
2.666

1.1111
, 41.

27-8346
2.882 1.235

_27.1 19._d 2.810 1..424
141 24.0 77.0
151.. 21.3 37.5

2.666 1.598
2.70? 1.614

3.5
2.718 1.770

51.5

2.774 1.856
1:1V;
77116-3-

34.0

38.0
e.7-7-4

37.5
2.718 2.184

31.0
2012 2.306

2.392

--9-. 0- --

2.738
78.5 2.581_N74
79.0
;s1.0

2.111 2.771
2.910

291 45.1 31.n

2.665
2.7'8

2.555 IfM211 43.0
.5- .

37.0

101 47.0
3.32439.0 2.739

311 49.0 /9.5
2.810 3.496 ------

-324-510 19.0
2.846

3:1i1
331 52.0 11.5

2.810-
4.032

----151----55.0 41.0
N11(4) 4.119341 53.1 39.0

_4 .D
2.954
2.-81c

16: 57.0 41.0
371 59.a.

4.46?

301 5/.0
42.5

3.025
3.0

4.614
4.824_51.0381

'41.5
41.5--- U.K401 550

2.990

411 59.0 42.0
2,991

42% 71.1 43.0
3.025

;:i1U.
----4TT 74.t .0

3.C98
3.1-71 6.1

44: 77.0 45.0
451 91.0 45.0

3.241 6.393
6.773

461 96.0
_3.315

----41t- 96n
3.531
3.711

;.M4.47.5 3.421
471 91.0 49.0

8.133
3.819 8.599

4.035
4.117 JiM
3.427

4.179 10.495
59.0 4.231 11.978

1.5 11-

4.323----
4.359

t1.461
11.961.

61.5 12.95?
51.0 4.395 12.462

14.t-35; 13.48
4.41? -13.994
4.395 14.119

10.0
171 31.0
181 1?.3
19? 33.0
201 34.0

221 15.0
231 11.0

251 41.1
251 41.0
4(1 41.6

49: 111.3 51.0_
501 115.0 54.5
511 111.0 56.0

-521 115.1 57.A
531 121.0 51.0
541 125.1
5-51
551 135.1
571 141.3
581 145.0
59: 51.0 61.5-511 1560 61.5
611 157.0 61.0



APPARATUS 733
SAMPLE NO. OT 5

-DATE 16/15/75
OPERATOR TUCKFR

CCNSTANTS

KitIN./19.1 = 1.710E-16
K2 me.inivo = 20C.r

--=---4.-030E--03
K4 (IN./1?.) = 7.500E-07

RECCRDEO PEFORE RUN
_

RFCDROF0 AFTER RUN

-720.0
_ _

C
TEMPFRATUR5 (05GREES C.)
PORE PRESSURr (PSI)

25.1
C

0(SAT)
O(SCP)

---CCNFINTNG-PRESSUF-IK-RARS,
. 1467

0
D(RSCR)-
OURSAT) 62.0ANISOTRC0Y

SAMPLE LENGTH (IN. )

---SW4131.-6
.9610 L(FR3) -121.r

Lti--0 UU1AP!:11-w tiN.11 :44.e0

CALCULATED

L(CPI (TN.)
L(F) (IN.)

.9591

.9469
E(PAT)
E(PCP)

(PERCENT) 1.53
(PERCENT) 9.35

2.21
1.57

(rU.IN.)
A(F) (SC.IN.)

.1310,

.101P
Ei..01-171F.RrEITTY-
PtC) (K-BARS)

L(I) STRESS (K-BARS) STRAIN (7.)

1: 0
2! 5.r

0
9.0

24.0
.2.9...0_
4.0

37.0

0
.654

.
1.736
2.095

0
.202 EA
11619

.744
4! 14.0

17.3_51
6: 21.0
71 22.0
81 23.4

_

2.453
2.666
2.8-14

.590 E9

.9 2
1.015

91 24.0
101 25.1

_ago'
41.0
41.5

2.830
2.913
27-91-0

1.054
1.171
rTr7s-sr----rrT---2s71 4777s

12: 27.0 795 2.815 1.415
111. 29.t 11.5

75.0 2.557
_1.694
1.95614: 71.1

151 32.3 35.5 2.551 2.178
----451- 33.0 '55.0- 2.240-- ------

75.5
2.515
2.551171 34.3 2.286

15: 75.! 35.0 2.587 2.477
I9 8.0 57.10
20: 39.3 17.5 2.694 2.737
211_49.9 37.5 2.694 2.841 _
221 41 0 37.0 2.659 2.963
231 42.0 .36.5 2.623 3.3;15

3.276?4-1- -440 -3-7.1
31.0

2.659
2.731 3.449251 45.9

26: 45.0 39.0 2.802 3.62?
dr-I t.I.0 .5 2.n3ls ;.11.1
281 52.3 40.0 2.874 4.004
79: 57.0 40.5 2.911 4.090 _ _ ___

30: 54.0
___

41.5
_

2.911 4.114
311 55.0 415 2.°10 4.299

----321--- 56.P -3'4.4) 2.802 4.456
2.765331 57.0 75.5 4.575

341 51.0 79.0 2.802 4.665
-----75-T----51 31.5 2;-1,-1.01 4.751

16: 61.r 41.0 2.946 4.915
371 64.0 43.S 3.091 5.145
7R1 F.a.t' 46.0 3.315 5.561
191 74.0 45.0 3449 6.014



88
----401--- --79:9----------51.41 :1;ta.

411 14.0 52.5 9:1,4673
tot .9.0 55.0

f.57971

---A-t-T-974:17-177.0 3.952 7.73
9.230441 9°3.0 59.-0

4.4:9

453 1140 91,0
4.739 9.601

461 1119.7 , .5
4,303
4.491 4149

471 114.0 64.0
-66.11

9.617
--431--1190 4.599

.491 124.6 67.5
4. 7-42 10.067

4.850 10.535
50: 129.0 69.0 11.303
511 134.0 711.5

4.958
10

135.0 7-9 .--13--
9.66

4-.f30
11.472

521 1/.5-94 :Z


