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| ABSTRACT

The Lund Ash-flow Tuff is the uppermost member of the Needles
Range Formation, located in southwestern Utah and eastern Nevada. This
momber can be correlated over an area of several thousand square miles.

A detalled study of petrographic and physical features of the Lund
show vertical and lateral variations in mineral content and welding
intensity. Vertical differences are related to changes in the magma
chamber during the Lund eruption interval, Several different ash-flows
make up the Lund ﬁember. All rmineral concentrations vary laterally,
with concentration decreasing away from the center of the Lund field.

Vertical and lateral variations in physical features of the meme
ber are also present. Porosity increases vertically within the member;
bulk density decreases., These show that the Lund Tuff had a simple cool-
ing history with only minor welding breaks bestween successlive ash-flows.

Lateral variations in physical features include decreases in bulk
density and grain density and an increase in porosity away from the thicke
oest central area of the unit. These decreases are attributed to lateral
sorting and a decrease in welding temperature away from the center of
the unit.

Possible source areas for the Lund Tuff are suggested from analysis
of lateral variations within the member, and consideration of the loca=

tion of active eruption centers at the time of the Lund deposition.
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I. INTRODUCTION
A. Purpose and Scope

The purpose of this study was to gein detailed knowledge about
one member in a complex ash-flow field, and to apply this knowledge to
problems assoclated with ash-flows. These problems include the location
of source areas and the determination of genetic processes before, during
and after emplacement.

One hundred.twenty samples were collected for the purpose of studye
ing both lateral and vertical variations within the tuff., Methods of
study included a detailed petrographic analysis of 86 thin section, use
of the five-axis universsl stage on selected plagloclase, laboratory
determinations of density propertles of all samples, and color coding
of each rock sample.

The area of study is herein called the Needles Range ash-flow field.
Several individuals have worked in this ares, but no attempt has been
made to study a single member of the Needles Range Formation, in detail,
throughout most of its lateral extent,

The member under study is the uppermost unit in the volcanle sequence
of the Needles Range. No formal name has been given to this member. For
the purpose of this thesls, it will be called the Lund Tuff, named for
its presence at the crest of the ridge two miles west of Lund, Utah.

B. Locatlon

The ares of study in this thesis is located in Lincoln County in
southeastern Nevada, and Beaver, Iron and Garfleld countles in south-
western Utah. (see map, Figure 1) The Needles Range Formation extends
at least a short distance beyond the boundaries of the map to the north,
south and west but has not been identified beyond the eastern boundary.



The Lund member itself has been positively identified a few miles beyond
the northern boundary of the map. Several of the localitles sampled are
accessible by jeep roads only.

C._Nomenclature

The termlnology of ash-flow units used in the paper generally fol-
lows that of Smith (1960) and Ross and Smith (1961). It has been sug-
gested in a recent paper by Ratte and Stevens (1967) that the degree of
welding of an ash-flow deposit may be expressed by a ratio of the dimen
sions of pumice fragments, There was no attempt to measure these factors
in this paper. Rather, the porosity and overall petrographic features
including deformation of shards, and degrees of fusion of the ground.
mass were taken as a direct indication of welding. Differentiation in
types of cooling units is of particular interest., A simple cooling unit
is one in which any rmumber of ash<flows within the unit have shared vir-
tually the same cooling history, i.e., cooled as a single unit. A cone
posite cooling unit is one in which a group of ashflows have shared a
simllar cooling history with the exception that minor interruptions can
be distingulshed, either by field evidence or by petrographic, color and
density differences (after Ratte and Stevens, 1967).

D. _Acknowledgments

I would like to express my deepest gratitude to Dr. S. K. Grant,
my advisor, for his assistance during my graduate study. Also, thanks
go to the V. H. McNutt Memorial Committee for financial support of my
f1eld work, and to Lana Grant, Terrd Flelding and John Trapp for thelr
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Figure 1. General area of the Needles Range ash-
flow field showing number of each location sampled.
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II. PREVIOUS WORK

The Needles Range Formation was named by Mackin (1960) for expo=-
sures in the Needles Range, Utah., Mackin (1963) states that the Needles
Range Formation consists of one to three members depending on the local-
ity, and that these members are crystal-rich tuffs of dacitic composie
tion, Mackin, however, names only two members of the Needles Range, the
Minersville and Wah Wah Springs Tuffs. Thicknesses of the entire
Needles Range Formation, in Utah, were estimated from less than 100 feet
to near 2000 feet. Mackin suggests the mapping of individual members
within the formation as a step toward the discovery of source areass.

Blank (1959), in the Bull Valley District of extreme southwestern

.Utah, found 55 feet of Tertiary volcanics interbedded with lacustrine
limestone near the top of the Claron Formation, which he indicates may
belong to the Needles Range Formation.

Threet (1963), in describing the geology of the Parowan Gap area,
found two units of volcanics underlying the Isom Formation which he
assigned to the Needles Range Formation.

Cook (1965) assigned up to five members to the Needles Range
Formation. The localities mapped occur throughout south~central Nevada,
and the formation was estimated to cover at least 9000 square miles.

The average thickness reported by Cook for the Needles Range Formation
was 617 feet and varled from 53 feet to 1372 feet. Vertical variations
in degree of welding were noted by Cook (1965), and he also suggested

that mineralogy and crystal percents may vary vertlcally. Cook recog-
nized the common lateral variations in the degree of welding and empha-

sized the need for detailed studies in the lateral variations of phys-

ical and chemical properties of ignimbrites.



Noble (1968), from experience in and around the stomic test-site
in southern Nevada, questions correlations of single cooling units over
large distances. This detailed mapping of younger ash-flows and source
calderas have shown that similar units can originate at slightly differ-
ent times from different sources, The question is whether rocks of the
same composition and of the same stratigraphic position together should
be grouped as a single unit where the source of these rocks is unknown.
It would appear that as long as no llthologlic differences are apparent,
between two ash-flow units in the field or in thin section, and as long
as these rocks are in equivalent positions within similar lithologic se-
quences, then we must correlate them as a single mapping unit, even
though the source is unknown. A member or a formation, then, need not
have only a single source,

Conrad (1969) has studied the volcanics in the Needles Range of
western Beaver County, Utah. He recogrized several different ash-flow
urits, some of which he includes in the Needles Range formation. He
suggests that the total amount of crystals and lithic fragments in a
member may vary laterally and that a detailed study of these variables
might be used to show possible source areas.

Dinkel (1969) made a study of vertical and lateral variations within
the Wah Wah Springs Tuff, the most extensive member of the Needles Range
Formation. No lateral variations were detected. Vertical variations in
mineral concentrations were found. These variations were attributed to
successive eruptions in the formation of the simple cooling unit and
were believed to represent changes occurring in the magma chamber either
before or during eruption. The only vertical variations detected in

welding were those characteristic of porosity and bulk density which



are normally assoclated with a simple cooling unit and negligible time
between successive emplacement of flows within the unit.

Grant (in press) has done extensive work on the Needles Range Forw
mation. His work is, for the most part, confined to the Needles Range
as it occurs in Utah., From other regional studies he has recognized in
the formation the following members: Frisco, Escalante, Shingle Springs,
Wah Wah Springs, Mackleprang, Indian Peask and Lund Tuffs. Other members
occur locally, and a few thin flows, flow-breccias and agglomerates are
present within any single sequence. The Minersville member appears to
correlate with the upper half of the Wah Wah Springs Tuff, and should

no longer be recogrnized as a separate member,



IIT. GEOLOGIC SETTING

A, Introduction

The geology of the thesls area associated with the Needles Range
Formation is very complex. Sediments exposed in the area of study
range in age from Cambrian to Recent and constitute the major exposed
rock type. Intrusive igneous rocks are limited in extent and are gen-
erally of silicic compositlon. Most intrusives are of Tertiary age.
Extrusive lgneous rocks are predominantly of ash-flow origin and range
in age from early Oligocene to Recent. Lava flows of varying composi-
tion occur throughout the mideTertiary extrusive sequence. Formation
of the Basin and Range province beginming in mid-Tertiary time has cre-
ated a glant puzzle for the geologist to solve.,

B. Sedimentary Rocks

Sedimentary rocks generally increase in age from east to west.
Mackin (1960) shows the Claron Formation covering much of the eastern
area of the igmimbrite province, preceding or accompanying Tertiary
eruptions. This formation consists of fluvlial and lacustrine conglom-
erate, sandstone and limestone,

Tertiary volcanics generally rest on Paleozolc limestones ferther
west in the province.

C. Intrusive Rocks
Seversl Tertiary intrusive bodies of granite to granodiorite com-

position occur within the area of the Needles Range Formation. In
Nevada, small granodiorite intrusions are present in the Ely Range, .
nesr the South Egan locality of this study. In Utah, the exposed in-
trusions are confined to northeast-southwest trending belts but others

could be present under nearby sediments. In the northern part of the



area of study, intruslves are exposed in all the mountain ranges but
large stocks are present south of Indian Peak in the Noedles Range and
near the old town of Frisco in the San Francisco Range. In the Bull
Valley and Iron Springs District to the south, several large stocks

or laccoliths are present. All of the intrusives mentloned are poten-
tially related to source conduits for members of the Needles Range Forw
mation, but from known intrusive ages, the stocks near Cougar Spar Mine
of the Needles Range and Horn Silver Mine of the San Franclsco Range
seem to be related to the most likely source areas.

D. Extrusive Rocks

i. Pre-Needles Range. Stone Cabin Formation: The Stone Cabin
Formation is the oldest ash-flow urdt exposed in the ignimbrite pro-
vince of southwestern Utah and southeastern Nevada. The rock 1s a
vitric-crystal tuff with crystals of the followlng relative concen-
trations: quartz 544, alkali feldspar 339, plagioclase 8%, biotite 4%,
hornblende 04, Only 45% of the rock is comprised of crystals. Hence-
forth similar compositional 1listings will be given in the form 54/33/
8/4/0//45, The order is always quartz, alkali feldspar, plagloclase,
blotite, hornblende. The last number is total crystal content of the
rock.

Windous Butte Formation: The Windous Butte Formation is generally
a crystal-vitric phenorhyodacite., Its average composition is Ls/12/
41/2/tr//37.

2. Needles Range Formation. The Needles Range Formatlon has been
estimated by Cook (1965) to cover at least 13,000 square rdles, ' The
age of the formation is early to middle Ollgocene. Potassium-argon
biotite dates obtained on the Needles Range Formation from Condor



Canyon, Grant Range and Needles Range sections glve best estimate of
age for the formation at 28 or 29 million years (Armstrong, 1963).

Mackin (1960) originally defined the Needles Range Formation as
consisting of two prominant members. These members were the Wah Wah
Springs and Minersville Tuffs. Cook (1965) recognized five members and
Grant (in press) maspped four members. Subsequent work (Grant, personal
communication) has established the following members: Frisco, Escalante,
Shingle Springs, Wah Wah Springs, Mackleprang, Indian Peak and Lund mem-
bers,

Frisco Tuff Member: The Frisco Tuff is a vitric-crystal or crystal-
vitric phenodacite which is pale brown in color (14 YR 5.5/2). Color
code mumbers are explained in Moethods of Investigation. Its average
composition is 17/1/62/15/5//25, with gross quartz and traces of sphene.
Some lithic and pumice fragments are present. Its type section is two
mlles southwest of the Horn Silver Mine in the San Francisco Range.

It overlies Pemnsylvanian Ely limestone and is overlain by hornblende
andesite flows. At the south end of Blue Mountain, the Frisco member
overlies an agglomerate and underlies the Escalante member. At this
latter locality it is cut by a dense dike which does not pass into the
younger Escalante Tuff, Its thickness ranges up to 300 feet.

Escalante Tuff Member: The Escalante Tuff is a vitric-crystal
phenoandesite, grayish pink in color (13 YR 6.5/2). Its average compo-
sition is 3/tr/72/15/10//14 with traces of pyroxens., Some lithic and
pumice fragments are present. Its type section is two miles west of
Lund, Utah in the Escalante Valley. It overlles an agglomerate and
underlies the Wah Wah Springs Tuff along the eastern flank of the
prominant ridge west of Lund., Its thickness ranges up to 525 feet.
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Shingle Springs Tuff Member: The Shingle Springs Tuff is a
crystal-vitric phenocacite which is light grayish pink in color (12 YR
6/1.5). Its average composition is 14/3/55/15/8//39 with gross quartz,
gross biotite and traces of pyroxene, Its type section is just north-
west of Shingle Springs in the Egan Range, where it overlies the Wine
dous Butte Formation and underlies the Wah Wah Springs member. Its
thickness is as large as 450 feet. The Shingle Springs Tuff is the lower
member of the Needles Range Formation where Highway 21 crosses the
Needles Range.

Wah Wah Springs Tuff Member: The Wah Wah Springs Tuff is a erys-
tal-vitric phenodacite which is pale reddish brown in color (12 YR
5/1.5). 1Its average composition is 5/tr/64/9/18//34 with traces of
pyroxene. A moderate amount of lithics is present. Its type section
is Just south of Wah Wah Springs where Utah Highway 21 crosses the
Wah Wah Range. There it overlies flows and agglomerates and is over-
lain by a young basalt. Its thickness ranges to 750 feet.

Macldeprang Tuff Member: The Mackleprang Tuff is a crystal-vitriec
phenorhyodacite which is psle yellowish brown in color (21 YR 5/1). Its
average composition is 12/7/46/20/10//41 with gross quartz and gross
blotite. It may be an ash-flow from the Shingle Springd source that
erupted after Wah Wah deposition. Its type section is two mlles west
of the old Mackleprang Homestead, central Needles Range, Utah. This,
its only known locallty, is a narrow strip from one to three miles
north of Indian Peak. It overlies the Wah Wgh Springs member and under-
lies the Indian Pesak member. Its thickness is 150 feet.

Indian Peak Tuff Member: The Indian Peak Tuff is a vitric pheno-
andesite which is pale red in color (11 YR 7/1). Its average composition
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is 1/0/81/1h/tr//9 with traces of pyroxene. Moderate amounts of 1ith~
les are prosent. Its type section was established by Conrad (1969)
Just north of Indian Peak, Needles Range. There it overlies the
Mackleprang and Wah Wah Springs and underlies the Lund Tuff. Its
thickness may be as much as 900 feet.

Lund Tuff Member: The Lund Tuff is a crystal-vitric phencdacite
which is pale brown in color (13 IR 5.5/2). Its average composition is
15/tr/64/8/9/ /42, with gross quartz and traces of sphene and clinopy-
roxens, Its type section is at the crest of Lund, Utah. There it over=-
lies a thin porphyry flow and the Wah Wah Springs Tuff and underlies a
complex Isom sequence, It thickness ranges up to 1800 feet.

The composition of the plagioclase in all members was originally
near that of andesine, but occasionally in the Escalante and some other
members, the plagioclase has been partially to completely altered to
more sodic plagloclase.

The mid-Tertliary extrusive sequence also includes lava flows, These
flows are particularly abundant north of Modena, where a thick series
of hornblende andesites overlie the Escalante Tuff, in place of all
younger Needles Range members; at Frisco, where similar flows overlie
the Frisco Tuff and extend to the Isom Formation; east of Minersville,
where they are younger than the Needles Range Formations and north of
Wah Wah Springs, where flows similar in composition to the Wah Wah
Springs and Lund members were intimately mixed while both were molten.

3. Post Needles Range, Isom Formation: The Isom Formation is a
vitric tuff composed of many thin but extensive ash-flows. It has sev-
eral striking characteristics which make it easy to identify in the

field., It is deep reddish brown in color with only a small quantity
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of crystals, predominantly plagioclase and blotite. Large tubular
vesicles are always present. These lie in the plane of foliation and
their trend varies with locality, but a northwesterly trend is quite
common. The Isom lies directly on the uppermost member of the Needles
Range Formation, sometimes with striking unconformity due to pre-Isom
channeling of the soft upper Iund. The Isom sequence often contains as
many lava flows as it has ash-flows, and the total thickness can be
over 1000 feet,

Several formations consisting of malnly ash-flows overlie the Isom
Formation. They range in age from late Oligocene to early Miocene.
The formations are, from oldest to youngest, the Quichapa, Page Ranch
and Kane Wash. There are several members present in sach formation.

Lk, Structure. The ash-flow field occurs within the Basin and
Range province., The area 1s characterized by large fault blocks which
generally have an easterly tilt due to uplift on northerly trending
faults., Some faulting may have ocourred concurrent with deposition of
the Needles Range Formation, as some members are abruptly terminated
laterally, Mapping of the Lund Member (see Figure 2), as well as
other members, indicates that relief at the time of deposition was not
great, but possibly a general depression trending east.west may have
been present. However, ash-flows do not necessarily require a basin
for deposition. Deposits should build up around the source, even 1f
the pre-eruptive surface was a horizontal plane., Cook (1965) and Cone
rad (1969) suggest that subsidence may have been associated with depo-
sition of the ash-flow field. Such a supposition 1s entirely compat-
ible with withdrawal of material below the vent, but is not required

to explain the post-depositionsal expression of many of the ash-flows.
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The Lund distribution, though, is rather pecullar in that is is s=ig-
nificantly clongated east-west. Directed eruption from a single source
might be the answer, but subsidence and multiple sources cannot be

ruled out.
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IV. METHODS OF INVESTIGATION

A. Sample Collection and Preparation

During June of 1969, the author collected samples from the Lund
ash-flow tuff in southwest Utah and eastern Nevada. The location of
each suite is shown in Flgure 1. Samples were collected in a restored
vertlcal succession at each locality, noting their positions in the
ash-flow gbove the base of the unit., Field characteristics were noted,
such as the sbundance of lithic fragments, presencé of faulting, and
resistance to erosion as reflected in the topographic relief.

From each sample collected, a thin section was prepared, color
determinations were made, and density measurements were obtained. These
data constituted the basis for geological interpretation in this study.
B, Mineralogy

A detailed petrographic study of 86 selected thin sections was
undertaken, using a Leitz SM-POL mlcroscope. Each thin section was
carefully analyzed with respect to minerals present and their abundance,
textures observed for minerals, grain sizes for the abundant minerals,
and types and amount of alteratlon. Also noted was the amount of pumice
fragments or lentlcles and the degree of their devitrification, whether
any paragenetlc sequence was evident, the abundance of lithic fragments,
and the preservation of any shard structure.

Mineral percentages were calculated through the use of a grid
ocular (10x) in combination with a low power objective (3.6x). Random
fields were viewed and the minerals falling on the intersections of the
grid lines were counted. Four fields (1300 points) were counted for
plagioclase, quartz, iron-oxides, pyroxene and sanidine. Hormblende,
biotite, and sphene required more potential points to obtaln a suffi-
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clent degree of precision in calculating their percontages. Therefore,
six additional fields (1950 points) were counted for these minerals.

The relative error in grain counts was taken to be _Vé%-_- » N being
the number of points counted for a particular mineral. For example, if
400 points out of four fields were counted for plagioclase, then the
percent plagioclase would be 30.8 and the relative error would be ~§%EF-
of this 30.8 percent.

The composition of the plagioclase was determined using a Leitz
five-axis universal stage., The anorthite content was determined by
measuring the angles between the principal optic directions and the
(010) pole. To interpret these angles, and to obtain the possible tem-
perature of crystallization, charts from Slemmons (1962) and an adjusted

chart from Muir (1955) were used, taking an average of the two values
given,

C._ Density Measurements
The bulk density, grain density, i.e., the density of the solid

portion of the rock, excluding pore spaces, and percent porosity were
determined for each of 97 samples by water-absorption techniques.

Their weight ranged from 6 to 23 grams. The samples were weighed after
drying and again after soaking in water for 24 hours, using a Sartorius
direct reading balance. The soaked weight of the samples was obtained
as quickly as possible after removing them from water and blotting off
any excess water, Next, the soaked density was measured using a Jolly
balance, agsin being careful not to allow any drying or excess water to

bilas the reading taken in air. Bulk density was calculated by use of the

following formulat

= dry weight d t
D, ot wolght (x) soaked density




16

The formula for grain density, as derived, was found to equal

D. = dry woisht

g wot weirht
soakod density welght of Hy0 absorbed

Finally, percent porosity was obtained by use of the following equation;

Por = wot welght-dry wolcht
wot Wolght (x) soaked density (x) 100

As a check on precision, five analyses of the same sample were
compared and found to vary by + .02 gms/cmB. Precision, then, was
within a tolerable range, but the accuracy of all calculations related
to grain density may be affected to an undetermined degree by sealed
pore space within the samples, which could not be filled with water
by simple soaking.

D. Color Coding

To each sample a color code number was assigned by use of a 130.
chip rock-color chart published by the Geological Soclety of America
(1951). A typilcal number, based on the Munsell system might be 10 R 5/2.
Both the first number and letter represent the hue of the rock. For
example, reds on the color chart range from 1 to 10, yellow-reds from
11 to 20, yellows from 21 to 30, yellow-greens from 31 to 40, etc. The
second rumber represents the shade of gray (value) on a 1 to 10 scale,
black being 0 end white being 10. The third number represents the
chroma or the amount of color saturation.

It was postulated that certain physical and mineralogic changes
would be indicated merely by noting a rock!s color cods. For instance,
secondary oxidation might manifest itself by a change in the basic
color of a sample, or welding in a tuff might be shown by a change in

the shade of gray or by the amount of color saturation.
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V. DESCRIPTION OF THE LUND TUFF

A. General Deseription

There has been some question in the past as to whether ash-flow
units such as the Lund Tuff and other members of the Needles Range ashe
flow field could be correlated over distances in excess of ten miles.
However, after careful analysis of mineralogy, physical features such
as density and porosity, and field relationships, there is no doubt
that the Lund Tuff could be recognized and correlated as a stratigraphic
unit of large areal extent,

The Lund Tuff member of the Needles Range formation has a large
areal distribution. Its recognized outecrops occur in an area 140 miles
east-west from Orton Juﬁction, Utah, to just south of Sunnyside, Nevada,
and as much as 47 miles north-south. Within this area its thickness rane
ges from 20 to 1800 feet. Figure 2 is an isopach map of the Lund Tuff.
This drawing was prepared from information at 27 locations within the
Needles Range formation. At these locations the Lund Tuff was either
absent from the regular volcanic sequence, or present in which case its
thickness was measured or estimated.

The average color of the rock is pale brown (13 YR 5.5/2), but
extreme variations from black to red and to white are present. Pumice
fragments give the rock a streaky or blotchy appearance.

The Lund Tuff is a crystal-vitric rhyodacite welded tuff. The
modal composition of the member is quartz 6.4% + 3.6%, plagioclase
27.1% + 6.7%, blotite 3.4% + 1.5%, hornblende 3.9% + 2.1%, iron-oxides
2.0% + 0.9%, sphene 0.1% + .03%. The average amount of crystal fragments
is b2.5%'1 8.2%. The variability expression after each mean is the stan-

dard deviation.
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The average anorthite content of the plagloclase is 42.2% + 2.0%
(andesine). From a diagram after Slemmons (1962) the andesine apparently
formed at a temperature between that of high and low temperature, near
80% hs 20% of the distance from the low to the high temperature lines.

The plagioclase is a transitional type, being neither typical of strictly
plutonic nor strictly extrusive environments. The plagioclase formed

at depth, cooled somewhat during crystallization of the magma, and the
temperature effects were frozen upon extrusion of the magma.

Quartz and plagloclase show two stages of fracturing. The first
type is that which reduces the grains to small angular fragments, some
with rounded corners. This is caused by the explosive forces of erup-
tion and the expansion of gases which accompanies the eruption. These
are the same processes which form the glass shards. The second type of
fracturing caused the breakage of large, individual crystals which sure
vived the explosive stage of volcanic activity, with all the pieces
remaining together. This 1s caused by the welding process in the formae
tion of the flow and indeed varles with the degree of welding.

Alteration of the Lund Tuff is generally selective. Plagloclase
alters to calcite or a tan clay product. Hornblende and biotite alter
to iron-oxides and caleclte. Fractures in quartz and plagioclase grains
may contain a bright red to yellow iron-oxide, probably limonite. No
established horizontal or vertlcal trends of alteration have been observed.

The mean bulk density of the Lund Tuff is 2.42% + .18 gm/cc. It may
vary as much as 0.51 within a single locality. Lateral changes in mean
density range from 1.76 to 2.60. The mean grain density is 2,64 + .12gm/ce.
The most variation measured within a single vertical section is .29. Late

eral extremes range from 2.1t to 2.82, Porosity is usually inversely



proportional to bulk density.
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The mean porosity is 9.0% + 4.1%, with

a maximum of 14% variation (absolute) within a single locality. Extreme

values for porosity range from 2.9% to 19.2%.
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B. Mackleprang Locality

1, Introduction., The Mackleprang locality is near the center of
known outérops of the Lund member. Most of the typical features of the
Lund Tuff are present here., For this reason, this section has been
chosen for detalled description of petrography and physical festures,
such as color and density. Other areas sampled will be described only
to show definite horizontal or vertical differences with respect to the
Mackleprang localtiy.

2, Fleld Characteristies., The Mackleprang localtiy is two miles
west of Mackleprang Homestead and 700 feet north of Pine Valley--
Hamblin Valley Road. The base of the Lund Tuff here has a 38°20' Late
itude and 113°56' longitude. It strikes N 20°-40°W and dips 28°-33°E.‘
The Lund is underlain by the Indian Peak, Mackleprang, and Wah Wah
Springs Tuffs, a dense flow complex and the Shingle Springs, Escalante
and Frisco Tuffs. It 1s overlaln by the Isom Tuff and a volcanic sande
stone or conglomerate. The measured thickness of the Lund Tuff at
this location is 1800 feet. The stratigraphic relationships and posi
tions of samples collected are shown in Figure 3. At Mackleprang,
the Lund Tuff shows considerable variation in degree of weldlng. The
lowést 10 feot are only slightly welded but grade into a densely welded
black vitrophyre approximately 20 feet thick. The next 1300 feet of
the section are moderately welded with little visible variation. The
upper 450 feet of the section are slightly to moderately welded. The
average color of the rock at Mackleprang is pale brown (15 YR 6/1.5),
but much variation is present. This variation generally follows the
degree of welding. The base of the section is very lightly colored in

contrast to the nearly black vitrophyre Jjust asbove the base. The bulk
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of the section is pinkdish brown with the top 450 feet being much lighter
in color than the middle portion. Two distinct lithic zones are present
in the section. The first is near the base where the lithics are small
and only minor in abundance, The second is approximately 400 feet

above the base. Here, lithic fragments are very abundant and may be

one or two inches in diameter. Pumice fragments are abundant throughout
the section, but they are not easily seen in most of the hand samples.

3. _Petrography. The complete mineralogy for each thin section

studied from the Mackleprang locality is given in Table I of the Appendix.
A summary of these data 1s presented here in addition to other petrograph-
ic characteristlics observed.

The crystal content of the rocks ranges from 39% to 59% and aver-
ages 48%. Quartz ranges from 24 to 16f with an average of 8%, The aver-
age grain size for quartz is 1.3 mm with noticeably smaller values occure
ring near the base. Quartz generally occurs as subhedral, fractured
gralns often showing embayment. Near the top of the section some grains
are distinguished by a reddish iron.oxide stain., Plagloclase makes up
21% to 39% of the rock with an average of 30%. The average graln size
for plagioclase i1s .9 mm with gralns again being smaller near the base,
Grains are usually lath shaped, but many small crystael chips are present.
The average composition of the plagloclase is andesine (An43), and the
composition of individual unzoned crystals ranges from Any4 to An45.

In zoned crystals the anorthite content may show as much as 10% total
veriation. Biotite is present in smounts from 2% to 7% with an aver-
age of 4%, Its average grain size is .6 mm with the smaller values
being in the lower one~fourth of the sectlon. Elongated gralns are
often bent around adjacent grains of quartz or plagioclase. Blotite
flakes show a preferred orientation in which the flakes are parsllel
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to the layering of the entire unit as manifested by flattened purice.
Pleochroic colors are dark brown to light reddiszh brown and show little
vertical variation. Hornblende ranges from 1% to 9% with an average of
5 %, Its average grain size is .4 mm with only minor variation. The
colors of pleochroism for hornblende are X = pale greenish brown,

Y = greenish, Z = dark green. Some grains show simple twinning. Pri-
mary iron-oxldes are present as small rounded grains in quantities

from .5% to 2.5% with an average of 1.1%. Sphene makes up from traces
to .84 of the rock with an average of 2%, Grains are either perfectly
sphenoldal in shape or fragments of an original euhedral grain. Apa-
tite and clinopyroxene occur throughout the unit in amounts of less
than 19, Traces of an alkall feldspar were present near the top of

the section. This feldspar is a transitional type between sanidine

and anorthoclase.

Several alteration products are present. FPlagioclase shows crys-
tallographically controlled alteration to kaolinite in slight to mode
erate amounts. Secondary iron-oxides are present as alteration pro-
ducts of hornblende and biotite. Blotite varies from very fresh to
almost completely altered. Hornblende shows the most alteration,
mainly to iron-oxides. Often only a ghost remains which makes the
hornblende difficult to identify.

In thin section, lithic fragments are generally small (.5 mm or
less) and not very abundant. There is, however, a concentration near
the base of the tuff. These lithics consist of fine grained volcanics,
not present in other rocks of the Mackleprang area.

Pumice fragments or lenticles are abundant throughout the section

but are most easlly seen nesr the top of the section where they are
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lighter in color compared to the rest of the rock. Through most of
the section pumice is darker than the rock matrix. Lenticles are come
pletely collapsed and greatly elongated in the vitrophyre portion near
the base. The pumice lenticles have fewer crystals than the fragmented
rock, and crystals present in the lenticles are larger than grains in
the groundmass., Each lenticle often exhibits only a single mineral,
but the lenticles as a group exhibit the same composition as the frag-
mented portion of the tuff., Lenticles show only slight devitrification
in the lower two-thlrds of the section, but well-developed micro-
spherulites occur in the upper one-third,

Shard structure is well preserved in the loosely welded rock below
the vitrophyre in typical Y and V shapes, The shards in the vitrophyre
show an elongated, fused structure. There is only slight evidence of
shard structure above the vitrophyre.

The following relationships indicate a possible paragenetic se-
quence of mineral development in the magam., The pyroxene is usually
in an intermediate stage of replacement by hornblende. Small grains
of Hotite, hornblende and plagioclase occur in quartz. Small grains
of plagioclase which exhibit simple twinning and no zoming are often
found in larger grains of zoned plagloclase and biotlite and ars usually
oriented in one direction. Plagloclase also occurs in hornblende.
Biotite is found in hornblende and vice versa. Incluslons of quartz
occur in alkali feldspar. From these relationships it is evident that
pyroxene crystallized first, followed by the first generation of small
plagioclase grains. The larger zoned grains of plagloclase crystallized
accompanied by hornblende and bdotlts., Quartz and finally alkall feld-

spar are the youngest.
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b, Donsity. A complete listing of density and porosity measure

ments is givon in Table II. Certaln correlations exist between density
and composition, Figure 5 is a summary of physical and petrographic
properties in stratigraphic section at Mackleprang. Column A of
Figure 5 shows the vertical changes in percent porosity. The porosity
profile 1s the most direct indication of the welding process. In a
simple cooling unit with a vitrophyre, one would expect a Mhgh porosity
for the loosely welded tuff at the base (samples 87-88), a very low
porosity for the vitrophyre itself (samples 89.90), and then a gradual
increase in porosity toward the top of the umit. In the section sur-
veyed this is not entirely true. There is a definite reversal at sam-
ple 95, where a gradual decrease in porosity begins. This departure
from simplicity is reinforced by field evlidence, where the tuff above
the vitrophyre has a different appearance from the lower portlon and
is characterized by a 1ithic-rich 2zone and a rmuch larger crystal size.
Profile B indicates bulk density. For a simple cooling unit this
profile is normally thought to be a mirror image of the porosity curve,
i.e., as the porosity decreases, the bulk density increases denoting
more complete welding. Again, there is some devliation from the expected.

At the base, for instance, porosity reaches a minimm at sample 90,
part of the vitrophyre, but bulk density reaches a maxdmum at sample 91,

some distance above the vitrophyre. Evidently bulk density values are
affected not only by porosity, but also by grain density.

Grain density as explained earlier is the density of the solid

portion of the rock, excluding pore volume., A direct relationahip may be
seen between the profiles for grain density (p.ofile C) and bulk density.

The average measured index of refraction for the glass portlon of

the rock at the Mackleprang locality is 1.52 - 1.53. Thls corresponds
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to a density of roughly 2.5. This is very close to the caleculated den-
sity obtained for the glassy portion of the rock, knowlng the percent of
crystals and the grain density of the rock. It is expected that a
relative increase in the percentage of crystals in the tuff would have

a corresponding effect on the grain density since the crystals have a
density higher than that of the glass. This relationship may be seen
by comparison of profiles C and D. The crystal concentrations and

the grain density were obtained independently, the former was calculae
ted from porosity and bulk density and the latter obtalned by micro-
scoplc point counting.

The average dlameter of crystal fragments (profile E) shows a
general increase from the base to the top of the section, and this pro-
file shows a moderate correlation to the percent of crystals (profile D).

One interesting aspect of the profiles is that some of the discone
tinuities which occur in profiles B, C, D, and E do not appear in pro-
file A, Perhaps the weldling process was more nearly continuous than
the processes that led to the other physical and petrographic proper-
ties,

Dashed lines between columns in Figure 7 emphasize the previously
discussed relationships between physical and petrographic propertlies at
the Mackleprang locality. FEach dashed line does not represent an indi-
vidual ash-flow, but rather indicates discontinuities which may be
caused by the additional emplacement of one or several ash-flows to the

cooling unit.
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C. Condor Canyon Locality

1. Fleld Charactoristics. The Condor Canyon soction is located

six miles north of Panaca, Nevada, It coincides with that named by

Cook (1965). The base of the Lund Tuff here is at 37°50' latitude and
114°21' longitude. The formation strikes N 12 °W and dips 35° E. The
Lund is underlain by the Wah Wah Springs Tuff and the Cambrian Highland
Peak Limestone. At Condor Canyon there is no sharp contact between the
Wah Wah Springs and Lund Tuffs, but rather a blending of one unit into
the other. There is an angular unconformity between the Lund and Isom
Tuffs. The measured thickness of the Lund Tuff at this location is

913 feet. The stratigraphic relationships and positions of samples col-
lected are shown in figure 3. At Condor Canyon, the lower 200 feet appear
moderately welded and the upper 700 feet somewhat less welded. Several
possible breaks in this general trend are spparent in hand samples,

Small lithic fragments are moderately sbundant. Pumlce fragments sre
abundant and range in color from pink to white. The average color of the
tuff at Condor Canyon is pale red (9 R 6/2). Samples which are more
welded genersally show darker shades of gray or an increase in color sat-

uration.

2. Petrography. For the complete mode from Condor Canyon thin

sections see Table I. There 1s no significant variation in either the
types or percentages of minerals present at Condor Canyon as compared

with the Mackleprang locality. Each mineral is, however, slightly less

abundant. at Condor Canyon.
Alteration products at Condor Canyon show little variation. Small

amounts of plagloclase are altered to calcite. Hornblende is rimmed with

iron-oxides. Sometimes there is only the remnant shape of hornblende
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with iron-oxides forming an outline of the altered grains. Small
amounts of biotite are altered to iron-oxides,

In thin section, pumice fragments are large and only slightly devit.
rified, Lithic fragments are small and usually consist of other fine
grained volcanics, Shard structures are not well preserved.

3, Density. Bulk density and graln density values reach a maxirmum

near the base of the tuff, and generally decrease toward the top of the
tuff. Porosity values are low near the bottom of the unit and generally
increase upward. Less variation in graln density is present, which tends

to make porosity and bulk density values more nearly reclprocal.
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D. Neow Arrowhoad Localitx

1. TField Characteristics. The New Arrowhead locality is two and

one-half miles northeast of New Arrowhead Mine, 35 miles northwest of
Lund, Utah. The base of tho Lund Tuff here is 38°10' latitude and 113 °
Lo' longitude. The membor strikes N 15° E and dips 25° SE. Below the
Lund are the Indian Peak Tuff, Wah Wah Springs Tuff, and a dense flow
corplex. Above the Lund is the Isom Tuff. The measured thickness of
the Lund Tuff at this location is 1551 feet. The stratigraphic rela
tionships and positions of samples collected are shown in Figure 3.

The lower 100 feet of tuff at New Arrowhead is highly welded but is not
a vitrophyre. Above this pcint, welding is not as intense and obvious
breaks in the welding are apparent in several places. Near the top of
the unit, the tuff is still moderately welded. Pumice fragments are
large and easily seen. The color of the purice ranges from white to
pink from the base to the top of the tuff. The average color of the tuff
at New Arrowhead is light yellow brown (18 YR 4.5/2). The lower portion
of the tuff is dark brown, then reddish and finally, mostly gray. Above
300 feet the tuff is grayish brown in general, but several places are

strikingly red.
2. Petrography. The complete mode of all thin sections studied

for New Arrowhead locality is given in Table I, IMineralogy at New Arrow-
head is very similar to that at Mackleprang. The only significant vari-
ation is in the low values obtalned for the percent of blotite. Very
minor amounts of clinopyroxene and sarmddine are present. Noticeable
variations in average grain sizes are present, but overall averages for
the entire unlt do not differ sigmificantly from those at Mackleprang.
Sphene crystals are slightly smaller than at the Mackleprang locality.
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Altoration is very minor at New Arrowhead. Small amounts of plag-
loclase are altered to calecite and biotite and hornblende to iron-oxides.
A red iron-type stoining is present in the fractures on quartz and plag-
loclase grains.

In thin section, both lithic fragments and pumice fragments are very
large. Only minor devitrification of pumice fragments is present, tak;
ing the form of snowflake and whale-bone structures. Shard structures
are not well preserved, but they occur as tricuspid shapes in a few thin
sections,

3s__Density. For the complete density and porosity measurements

at New Arrowhead see Table II., Bulk density values at New Arrowhead
show a general decrease from bottom to top of the unit, but several sam-
ples show a marked variation from this general trend. Both the average
bulk density and grain density for New Arrowhead are the highest for all
localities sampled. The average porosity at New Arrowhead is higher
than that at Mackleprang and is, in fact, the same as the average ob-
tained for all Lund samples measured. Porosity data show the base to
have the highest degree of welding, and the general decrease in welding
sbove the base has at least three breaks of increased welding, two of

which are near the top of the unit.



E. _Blue Mountain Locality

1. Tield Charactoristics., The Blue Mountain locality is eight

miles north of Lund, Utah. The base of the tuff lies 2000 feet east
from a group of microwave relay towers. The lower-most part of the sec-
tion is at 38°7! latitude and 113°23' longitude. The tuff strikes N 5° E
and dips 45°~54° west, The Lund is underlain by the Wah Wah Springs,
Escalante, and Frisco Tuffs, respectively, and is overlain by the Isom
Tuff. The Lund Tuff at this location measures 1035 feet thick. These
stratigraphic relationships and positions of collected samples are
shown in Figure 3. At Hlue Mountain, the Lund Tuff has no vitrophyre.
The lower 600 feet are moderately welded with the upper 400 feet being
less welded. Few lithlcs are present, but an abundance of lenticles is
apparent throughout the sectlon. The average color of the rocks at Blue
Mountain is pale grayish red (10 R 5/2), with the upper 400 feet of the
unit noticeably lighter than the lower portion.

2. _Potrography. The mode for each thin section studied at Blue

Mountain is given in Table I. Crystals are slightly less abundant at
Blue Mountain than at Mackleprang. The same minerals occur at Blue
Mountain with the exception that no pyroxene is present. All minerals
show less vardiation in their abundances,

In the lower portion of the unit, moderate amounts of plagloclase
are altered to calcite. In the upper portion, small amounts of plagl
oclase are altered to a clay product. Grains of hornblende are almost
completely altered to iron.oxides. Surprisingly, this same alteration
is insignificant on biotite.

Pumice fragments show moderate deviirification in the form of snow-
flake and whale-bone structures in the lower portion of the unit, and
gross devitrification in the form of axiolitie structures or spherulites
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toward the top of the urmit. Iithic fragments are scarce throughout the
unit. The groundmass is glassy with shard structures not usually evi-
dent.

3. Density. As shown in Table II, the bulk density reaches a

maximum 100 feet above the base, decreases abruptly, rises agzaln to a
maximum 300 feet above the base, and then gradually declines toward the
top of the unit. Average values for both bulk density and grain density

are somewhat higher at Blue Mountain than at Mackleprang.



F. White Mountain Locality

1, TFeld Charactoristics., The White Mountain locality 4is one mile

wost of White Mountain, which is part of the Southern San Francisco Range,
Utah, 21 miles northeast of Lund, Utah, The base of the Lund Tuff hers
is 38°18% Jlatitude and 113°20' longitude. The member strikes N 50 °E
and dips 10° S, Below the Lund are the Wah Wah Springs Tuff, a thick
dense flow, and the Escalante Tuff., Above the Lund is the Isom Tuff.
Due to faulting of the Lund at White lMountain the minimum thickness was
taken to be 370 feet., The stratigraphic relationships and positions of
samples collected are shown in Figure 4, Since only samples near the
base and top of this section were used, it is impossible to do more than
note the vertical variations showm by these extremes. The base of the
Lund at White Mountain is densely welded, the top lightly welded. Minor
amounts of lithic fragments occur both at the base and top of the unit.
The average color of the rocks at lWhite Mountain is pale brown with the
base quite dark and the top much lighter.

2. Potrography., The complete mineralogy for each thin section
studied from Blue Mountain is given in Table II. Both crystal size and
percent of crystals are markedly higher at the bottom than at the top of
the unit. The mineralogy of White Mountain is similar to that of the
Lund Tuff as a whole with the exception that sphene was not detected.
Colors of pleochroism for hornblende change from shades of green to
shades of brown.

Moderate amounts of plagloclase are altered to kaolinite. Horn-
blende and biotite are altered to iron-oxides with more alteration pre-
sent for hornblende than for biotite.

Structures of devitrification such as spherulites are not evident.
Faint shard structures are visible, but not cormon,



3. Density, Values for bulk density, grain density and porosity

are close to those expected for the base and top of a moderately welded

tuff,

37
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G. Parowan Gap Locality

1. Field Characterldstics, The Parowan Gap locality is one-half

mle north of Utah State Road 127 at the Petroglyph CLiff histroical site,
10 miles northwest of Parowan, Utah., The base of the Lund Tuff here lies
at 37°55' latitude and 112°59! longitude. The member strikes N 25 E end
dips 30° SE. Below the Lund are the Wah Wah Springs Tuff and the Claron
Formation, 2 red and white limestone of early Oligocene age. Above the
Lund is the Isom Tuff. The measured thickness of the Lund Tuff at this
location is 126 feet. The stratigraphic relationships and positions of
samples collected are shown in Figure 4. At Parowan Gap, the Lund Tuff
is only lightly welded, with the ridddle of the unit more welded than the
top or bottom, Lithic fragments are not evident. Pumlice fragments occur
in moderate amounts throughout the umit. The average color of the rock
at Parowan Gap is pale red (7.5 R 6.5/2) with very little variations.

2, Potrography. Tho complete mineralogy for each thin section

studies from Parowan Gep is given in Table I. There is little change
in mineralogy at Parowan Gap compared with Mackleprang. The amount of
crystals is somewhat lower. Clinopyroxene occurs as both twinned and
zoned crystals, some of which are rimmed by hornblende. No alkali feld-
spar is apparent. Grain sizes near the base are larger than the rest of
the unit, and the average grain sizes for Parowan Gap are smaller than
those at the Mackleprang locality.

Much alteration of plagioclase to calcite is present in the middle
of the unit, but only slight amounts of salteration occur near the base

or top. Only slight amounts of hornblende and biotite are altered to

iron-oxides.
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Lithic fragments occur in rminor amounts throughout the unit. Pum-
ice fragments are moderately devitrified. Shard structures are not
evident,

3. Density. For complete density and porosity measurements, see

Table IT. At Parowan Gap the Lund Tuff shows llttle variation in bulk
density, grain density or porosity over its 126 feet of thickness. It
is slightly less porous in the middle of the unit, Bulk density and
grain density values are correspondingly higher in the middle of the

unit.
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H. _Orton Junction Locality

1. TField Characteristiecs. The Orton Junotion locality is one and

one-tenth miles wost of Orton Junction, Utah, on the north side of State
Highway 20. The base of the Lund Tuff here is 37°58! latitude and

112 ©25' longitude. The member strikes N 75° E and dips 25° N. The
Lund is underlain by the Wah Wah Springs Tuff and a hornblende breccia,
and 1s overlain by a thin hornblende-rich flow followed by the Isom
Tuff. The measured thickness of the Lund Tuff at this location is 59
feet. The stratigraphic relationships and positions uf samples collecw
ted are shown in Figure 4. Only a few square feet of the Lund Tuff are
exposed at the Orton Junctlion locality. The base of the unit is intensely
welded, but has not formed a vitrophyre. The rest of the unit is only
slightly welded. Lithic fragments are not apparent, and pumice frag-
ments are small and scarce. The average color of the samples at Orton
Junction is grayish orange pink (13 YR 6/1) with the sample from the
base having a much higher color saturation than the other samples.

2. Potrography. For complete mineralogic data from Orton Junction
see Table I. The rock at Orton Junction has a very low crystal content
of only 27 percent. This follows the low abundance of plagioclase.
Average grain sizes decrease slightly above the base. There is no
qualitative variation in the presence of specific minerals between Orton
Junction and Mackleprang. Small amounts of blotite and hornblende are
altered to a clay product. Lithlc fragments are almost absent and when
present, are very small. Moderate devitrificatlon of pumice fragments
is noticed throughtout the unit. In contrast to most localities, shard
structure is well preserved at Orton Junctlon.

3. Density. At Orton Junction the average bulk density and grain



density of samples are very low compared to most of the other locales
sampled. Porosity is low for the sample at the base, but increases

rapidly for the upper part of the unit.
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I. South Ecan Loecality

1. Tiocld Characteristies. The South Egan locality is nine miles

south of Sunnyside, Nevada. It was named as such by Cook (1965). The
base of the Lund Tuff here is 38°19' latitude and 114°58! longitude.
The membor strikes northerly and dips 15°%30° E. The Wah Wah Springs
and Shingle Springs Tuffs lie below the Lund and an Isom-type vitric tuff
lles above the Lund. The measured thickness of the Lund Tuff at this
location is 610 feet. The stratigraphic relationships and positions of
samples collected are shown in Figure 4, The lower 400 feet of the tuff
are poorly welded, the next 100 feet non-welded, and the top 100 feet
lightly welded., Lithic fragments are scarce in hand samples, and pumice
fragments have a blocky or lens-like shape, not seen at other localities
sampled. At places, the pumice disks (some six inches in diameter) have
weathered out of the fragmental matrix. The average color of the rock
at South Egan is light grayish pink (15 YR 8/1). The lower 400 feet of
the tuff show no color other than gray.

2. Petrography. The complete mode for thin sections studied from

South Egan is glven in Table I. The tuff at South Ezan contains only
24 percent crystals, the lowest for any location sampled. The percents
of plagloclase, biotite and hormblende are exceptionally low here., These
three minerals also have correspondingly small grain sizes. Quartz is
relatively more abundant at South Egan, and its average grain slze shows
little variation from the Mackleprang locality. Graln sizes also vary
vertically within the urmit. Grain sizes three-fourths of the distance
above the base are notlceably smaller than those both gbove and below.
Very small amounts of plagloclasse are altered to calcite., Small

amounts of biotite and hornblende are altered to iron-oxides, Pumice
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fragments are moderately abundant and show ornly slight deformation or
flattening. Small fine-grained lithic fragments consisting of other
volcanic rocks are present. Shard structures are well preserved only
in the non-welded portion of the unit.

3. Density., The density and porosity values at South Egan represent

extremes when compared to the other locales sampled. Bulk density and

grain density values are both very low and porosity values are high.



VI. RESULTS

Anglysis of data consists of statistical tests and computer anal-
ysis. Both vertical and horizontal variations are shovm to be present.

The first statistical test is Student's t - test. The purpose of
this test is to attempt to prove that significant differences exist
between the parameter means obtained at each locality sampled. Mean
values are analyzed for the followling: quartz, plagioclase, biotite,
hornblende, percent of crystals, anorthite content, bulk density,
grain density and porosity.

The equation for t is:

i

in which Y is the mean of the group being tested, u is the mean of the
total population, s is the standard deviation of the population and n
is the number of samples in the group. The applicsble t values for the

.20 significance level are:

t,2(2) = 1.886 t,2¢9) = 1.383
t,2(3) = 1,638 t,2(16)= 1.337
t,2(4) = 1,533 t,2(26)= 1.315

The mumber in parenthesis is the degrees of freedom which are equal to
the number of samples minus one. If the t test gives a value greater
than the above values, then one rejects the hypothesis that there is no
difference botween the means from localities sampled, i.e., lateral var
jation is present. The following rosults are obtained by use of the t
test,

Quartz u= 6.4 5= 3.6

tgy (10 samples) = .525 (1.383) accepted

toe (17 samples) = 42 (1.337) accepted



taa (17
b (27
tpg (4
toy (3
tgp (5

(3

samples) =
samples) =
samples) =
ssmples) =
samples) =

samples) =

915 (1.337)
2.598 (1.315)
- .832 (1.638)
-1.105 (1.886)
- .930 (1.533)
-1.202 (1.886)

accepted
re jected
accepted
accepted
accepted

accepted

The results indicate that the average percent of quartz at the

Mackleprang locality is significantly higher than the average.

Plagloclase u=27.1 s = 6,7

tgy= .000 aco. tpg = -1.224
toe = 1.233 ace, tog = -2.818
tha = 309 acce. tgg = -4.072
tys = 2.562  rel. = .156

The Mackleprang, Orton Junction and
significantly from the average plagioclase content.

acc.
rejo
0],

accec.

more plagloclase, Orton Junction and South Egan less.

Blotite

o
tee =
T
Yve

i}

u = 3.4 s = 1,5
.629 ace. tpg = - 529
.000 acc. tog = 688
1.375 rej. tgg = =2.079
1.726  rej. by = = <575

8CCe
acce.
roj.

acsC.

South Egan localitles differ

Mackleprang has

The New Arrowhead, Mackleprang and South Egan localitles differ

significantly from the average blotite content.

Mackleprang has more

blotite, New Arrowhead and South Egan less blotite.

Hornblende u = 3,9 s = 2,1
bpg= 2,858 red. = - 066
tcc F o .981 acCcCo. t&’ = 1.“"&
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I
i

2- 129 re,jo

YA
tyg = 1.730 rej. ty = .081 acc.
The Blue Mountain, Mackleprsng and Scuth Egan localities differ

- 783 acc. tSE

significantly from the average hornblende content, Mackleprang and Blue
Mountain have more hornblends, South Egan less hornblende.

Total crystals u= 42,5 s = 8.2

tgy = .538 acc. tPG = 1.780 rej.
too © 449 acc. tog = =3.209 rej.
tNA = 21,055 acc. tSE = 24,917 rej.

tyy = 3.138 rej. Yo = =2.387  rej.

The Mackleprang, Parowan Gap, Orton Junctlion, South Egan and White
Mountain localities differ significantly from the average total crystal
content. Mackleprang is high in total crystals; Parowan Gap, Orton
Junction, South Egan and White Mountain are low,

Anorthite content u = 42,2 s = 2,0

tgy = .50 acc. tpg =~ o181 acc.

toe = - 866 ace. tog = - 424 ace.
taa = 1.386 rej. tgp = - o433 acc.
tyy = 1,265 acc. t = An not determined

The average anorthite content of the plagloclase is significantly
higher at New Arrowhead than for the other localities sampled.

Bulk density u = 2,42 s = ,18
tpy = 1.373 rej. tpg = -1.554 acc.
tog = =1.600  rej. tog = =240 rej.
tya = 1.520 rej. tsg = ~5.465  rej.
tyg = 577 acc. Y = = 577 ace,
The Blue Mountain, Condor Csanyon, New Arrowhead, Orton Junction
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and South Egan localities differ sigrificantly from the average bulk
density. Blue Mountain and New Arrovhead have a high bulk density;
Condor Canyon, Orton Junction and South Egan a low bulk density.

Grain density u = 2,64 5= .12

tmr = 2.750 reJj. tpg = - 832 secc,

toe = 1.031 acc, tog = =2.742  rej.

tya = 3437 rel. tsg = ~5.590  rej.

g = =2.598  rej. Yy =~ 385  acc.

The Blue Mountain, New Arrowhead, Mackleprang, Orton Junction and

{

South Egan localities differ significantly., Blue Mountain and New
Arrowhead have a high average grain density; Mackleprang, Orton Junction
and South Egan, a low average grain density.

Porosity u= 9,0 s = 4,1

tpM = ~ 400  acec. tpg = 1.364  ace.

tog = 3.216 rej. tog = 1.013 acc.

tya = 4000 acce tgp = 3434  rej.

tyg = ~1+.307 reje. by = - LEH acc.

The Condor Canyon, Mackleprang and South Egan localities differ
sigmificantly from the average porosity. Mackleprang has a low porosity;
Condor Canyon and South Egan a high porosity.

Computer analysis is performed with a trend surface program (Esles,
1968), which shows whether both vertical and lateral variations are pre-
sent, This program is adapted to provide trend surface analyses for a
vertical east.west cross-section of the ashe.flow unlt. Up to six orxrders
are possible., The best fit is chosen from among these six and tested for

sigrmificance.
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The postulation that tho upper surface of an ash-flow is nearly
horizontal after the flow comes to rest, has been offered in the past.
It was also thought that much variation might exist in the elevation of
the base of the unit. For our trend analysis, the opposite point of
view 1s taken, for two reasons. First, the Lund Tuff is the uppermost
member of many ash-flow urdts in the Needles Range Formation, These
urndts, as they were formed, would have the effect of leveling the
topography before the extrusion of the Lund. Second, a thickness dif-
feronce of 2000 feet over an 80 mile distance may be explained by less
than a 1° slope in the land surface away from the source area after
the Lund eruption was completed. For these reasons, the position of
samples at each locality is expressed as a particular distance above a
base. For obvious reasons, vertical exaggeration in scale is used.

The sections in Figure 6 show some contoured trend surface modal
analyses of the Lund Tuff. All four surfaces show two areas of high con-
centration and biotite shows three. These palred areas of high concen~
tration occur near the Mackleprang locality. Although the areas of high
concentration occur at or near the Mackleprang locality, no two surfaces
have exactly the same vertical trend of concentration. When all four
sections are superimposed, a vertical sequence of mineral concentratlons
near the Mackleprang locality becomes apparent, This sequence 1is, from
bottom to top, blotite, hormblende, plagloclase, quartz, biotite, plag=
ioclase and finally, hormblende and quartz together.

There are Sseveral possible explanations for vertical vardations in
mineralogy. The first is a zoned magma chamber. This does not seem to
be the case, since the previocusly mentioned vertical sequence of mineral

concentrations does not concur with that from a single zoned chamber. A
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caso could be made, however, for two separate chambers, one contributing
to the lower part of the tuff and the other to the uppor part., Another
explanation might be a sequentisl crystallization in the magma chamber
in which erystallization and extrusion of early mafic components of the
magma would underlie the more salic components after emplacement. A
simple sequence is not indicated by the vertical sequence of mineral
concentratlons present, although two separate (in time) source chambers
are possible. Vertical trends in density, porosity and petrographic
features at the Mackleprang locality (Figure 5) indicate subtle hiatus.
Separate ash-flows have been deposited, but cooled essentially as one
unit. In the short time between successive pulses or flows, there may
have been some changes in the composition of the magma in its chamber,
or simply changes in the relative portion of the magma that is tapped.
Possible explanations for changes in the crystallized portion of the
magma include reaction of the magma with the surrounding wall rock, cone
tamination by a second magma, or replemishing of the chamber with newly
formed magnma.

Troend surface analyses also point to lateral variations in rineralogy.
These lateral vardations are, in most cases, the same as are shown by the
pPreviously discussed t - tests. Mineral concentrations are slightly asym-
metrical with respect to the central area of each section, with a de-
crease in the percent of each mineral away from the center. This dew
crease is sharper toward the west than toward the east. Slight lateral
differences in relative mineral abundances are also apparent from compare
ison between the concentrations at each locality., Maximum values for
quartz are somewhat shifted toward the Condor Canyon and South Egan lo-

calities, and maximm values for hornblende are shifted toward the New
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Arrowhead and Blue Mountain localities.

The lateral decrease in the concentration of each mineral, away
from the Mackleprang locality, generally follows the same trends as that
shown for the total crystal contont of the rock (see Figure 7). This
decrease in crystal content is due to difforential lateral sorting,
in which leading portions of the ash-flow contaln more of the Hghter
fraction (shards and pumice) while trailing portions contain more of the
heavier portions (crystals and large lithic fragments). An explanation
for the sharper decrease in crystal content toward the west than toward
the east is only speculative in nature. Perhaps slight differences in
topography existed during ash-flow emplacement or the force of expul sion
was not symmetrical with respect to the eruptive center.

Trend surface analyses pertaining to physical features of the Lund
Tuff are shown in Figure 7, along with the contours of bulk density.
Porosity curves show, for most localities, a general vertical increase
in porosity. No clear-cut vertical trend in grain density is estab-
lished. Direct contouring of bulk density shows higher values near the
base with a general increase toward the top.

Vertical trends in porosity and bulk density are generally the same
as those formerly shown for a single cooling unit (Smith, 1960).

The increase in porosity from the bottom to the top of the unit
i1s directly related to decreased welding caused by lower temperatures
and pressures, The decrease in pressure is a function of the amount of
overlylng material. The decrease in temperature is a function of the
porosity of the cooling unit. In the more porous parts of the tuff gases
escape more readily, thus allowlng the temperature to decrease. Temper-

ature is also related to the abdllity of the cooling urmlt to retain heat,
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Retontion of heat is most effective in the central, insulated portion of
the cooling unit, Variations in bulk density contours also point out a
Vertical decrease in welding.

Lateral variations are well established for porosity, grain density
and bulk density. Porosity contours show a higher degree of welding in
the thicker, central portion of the tuff, with a more rapid decrease to
the west than to the east. Maxirmum grain density values occur near the
New Arrowhead locality and again, decrease more rapidly to the west.

Bulk density contours incorporate characteristics of both the grain den-
sity and porosity analyses., Bulk density varies directly with grain den
sity and inversely with porosity. Total crystal content is highest near
the Mackleprang localtiy and decreases more rapidly to the west. Crys-
tal content correlates well with grain density trends. Perhaps analysis
of the glassy portion of the rocks would explain the shifted maximum of
grain density concentration, since this is not explained by the slight
differences in mineralogy between selected localities,

Much of the previous evidence of lateral variation points to the
location of a possible source area for the Lund Tuff, Near the source,
crystal content of the rock would be highest because of differential
lateral sorting. When the total crystal content of the rock is high,
there will be a corresponding maximum in grain density, because crystals
are the more dense fraction of the Lund Tuff. Finally, welding should be
most nearly complete in the locality where there is the greatest thick-
ness and heat content, i.e., near the center of the field, specifically,
the Mackleprang and New Arrowhead localities., There 1s, in fact, a large
stock of granodiorite composition located between the Mackleprang and New

Arrowhead localities that may well have followed the same condult, as did
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the frothing magma that formed the Lund. Other possible sources that
cannot be ruled out could lie in the volcanic flow-complex field cen-
tered near the old town of Frisco, Utah, ranging as far west as Wah Wah
Pass and as far east as Minersville, and in the flow pile between Modena
and Stateline, Utah. In addition, there are unstudied possible source

localities in Eastern Lincoln County, Nevada.
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VII. CONCLUSIONS

The Lund Tuff is a distinet member of the Noedles Range Formation
which may be correlated over an area of several thousand square miles,

Both vertical and lateral variations in mineralogy are present
within the member, Vertical variations in mineralogy can be best ex-
plained by changes in crystal content within the magma chamber between
successive asheflows within the member. Two major crystallization cycles
are indicated.

Lateral variations in mineral asbundances are consistent for each
species. Mineral concentrations decrease away from the central area of
the cooling unit. This decrease is due to lateral sorting of ashflows
within the unit.

Vertical and latersl variations are also present in the porosity,
bulk density and grain density of the Lund Tuff., Vertical variations
in these physical properties coincide with those varistions normally
observed in a simple cooling umit. Bulk density decreases from bottom
to top. Porosity increases from bottom to top in the cooling urdt. No
clear-cut vertical trends in grain density are obvious.

Lateral variations in physical properties show gradational changes
away from the central, thickest portion of the tuff. Porosity increases
away from the central area of the cooling unit., Grain density and bulk
density decrease away from the centrsl area of the ccoling unit. Lateral
increases in porosity are a result of a decreass in lateral welding in the
unit. Decreases in grain density are explalned by lateral sorting of
ash~flows within the unit. Lateral decreases in bulk density are related

to changes in both porosity and grain density.
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The central area of the cooling unit is probably near the source

area for the Lund member of the Needles Range Formation.



APPENTILX

TABLE

I

MINERALOGIC DATA FOR LUND SAMPLES
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BLUE MOUNTAIN SECTION

Smpl  Ft/Above % % ;2 % ¢ % Fe % Ave
No. Base Pl Qtz Blo Ho Sp Oxides XLs % An
K-17 755 17.1 13.9 3.8 3.7 .00 8 39.2 ...
K16 703 3.4 5.2 3.4 5.4 17 1,4 49,9  ....
K-14 602 28.1 Ly 5,2 4,6 .31 1.5 Ly, 1 L1,2
K-12 527 30.0 4,7 2.9 6.8 .01 1,6  L6,0 cove
K-10 387 20.3 5.3 3.6 55 .00 1,5 36,2 ....
K- 8 287 26,1 5.0 2.7 67 .19 1.6 L2.3  41.9
K- 6 183 28.5 6.0 4.2 L.9 .0 .8 Loy coce
K- 4 100 26,9 4,1 3.7 6.1 .00 1,7 k2.5 ...,
K- 3 67 30.9 b4 3.3 7.4 06 1.6 k8.2 453
K- 1 0 28.8 4,8 3.8 7.2 .00 1,8 Lb6h ...
Ave 27.1 5.8 3.7 5.8 .08 1.4 43,9 k2.8
Stnd. Dev. 3.9 2.9 7 1.2 11 b b1 2,2

CONDOR CANYON SECTION
Sgg% Ftég::ve gl Q%z B?o Hz Sg Ozigzs X%s %AI;
K-34 903 27.4 5.7 3.4 1.3 .10 .6 38.5 cone
K-33 883  26.4 6.2 3.5 1.6 .08 .7 38.5 coss
K-32 853 27.4 8.3 2.6 7 .09 5  39.6 U427
K-31 773 25.5 7.8 1.5 .0 .00 9  35.7 coos
K-30 740 21.8 4.9 1.k 0 .01 7 28,8 ...
K-29 64  29.6 6.6 1.7 O .00 1.3 39.2 ...



CONDOR CANYON SECTION CONTINUED

Smpl  Ft/Above <% % % ; 4 4 Fe % Ave
No. Base Fl Qtz Blo Hb Sp Oxides XlIs An
K-28 605 22.8 6.7 4.1 3.2 .00 1.0 37.8 cone
K-27 554 31,7 4.8 4,2 4,6 .00 1.1 46,4 cone
K-26 489 27,1 8.2 5.0 2.0 .00 8 3 ...
K-25 k15 32,9 5.3 5.9 6.1 .00 5 50,7 41,8
K2 364 30.2 4.4 4,1 L.s5 .02 .6 43,8 cove
K-23 304 Lo,2 8.4 44 @ 6.8 .00 7 60.5 coes
K.22 23+ 34,1 6,3 3.0 49 .08 1,0 W94 ...
K~21 201 26,8 7.8 2.9 53 .06 8 437 ...
K- 20 113 36.0 6.3 3.2 49 .08 7 51,2 ...
K-19 52 29,0 11,6 2.8 4,8 .00 .8 49,0  39.0
K-18 20 26,2 4,6 3.3 7.2 .00 1.0 423 ....
Ave 29,1 6.7 3.4 3.4 .03 8 W34 41,2
Stnd, Dev. b7 1.9 1.1 25 .04 .2 6.6 1.9
NB4 ARROJHEAD SECTION
Smpl Ft/Above % % v 4 4 € % Fe % Ave
No. Base FL Qtz  Bio Hb Sp Oxides XLs % An
K-55 1127  30.0 6.9 1.4 2.8 .09 6 41,8 42,2
K-53 956 31.0 2.6 2,0 5.9 .07 6 b2,2 ...
K52 894 20.7 7.4 6.0 1.7 .00 6 364 ...
K-51 842 15.5 3.7 6.4 1,2 ,09 A 223 eeee
K-50 785 25,0 7.1 .6 6.8 .09 .5  50.1 cosve
K-h9 63 26,6 4.8 7 1.6 .09 1.0 348 ....
K-48 650 27.8 6.9 2.2 2,6 .03 o7 40,2 cooe
K47 581 17.8 3.2 1.1 2,4 .03 o9 25.9 coee
K-L6 517 31.1 5.4 7.5 1.4 .00 6 46,0 cens



NEd ARROWHEAD SECTION CONTINUED

SIIIIIEJ.. Ftéﬁ::ve gl Q%z B?;o H‘é Sg O?d.g:s ng AX;

K-45 498 28,1 5.8 2.5 2.5 .09 5 39.5  42.8
K-l k32 36,4 6.6 3,0 3.1 .04 7 9.8 ...
K13 388 39.4 9.3 1.6 7.0 .12 1,0 58.4 ...
Kal1 276 31.8 2.1 1.6 1.7 .0+ 1,0 38,2 ...
K-l0 215  29.8 6.7 4.1 4.5 .00 8 45,9 cone
K-39 162 27.1 5.0 2.9 1.8 .00 1.0 37.8 ....
K-37 96 25.8 1.0 2.0 7.5 .00 9 37.2 ...,
K-35 7 2.5 6 4.5 5.2 L,00 1.5 36,3 46,2
Ave 27.6 5.6 2.9 3.5 Ol 8 404 43,8
Stnd. Dev. 6.0 3.8 2.1 2,2 .04 3 8.1 2.1

MACKLEPRANG SECTION

Smpl  Ft/Above % % % % %€ % Fe % Ave

No. Base Pl Qtz Bio Wb Sp Oxides XLs & An

K-112 1765 25.0 8.4 3.2 4,2 .48 1.1 k2.4 ...
K-111 1714 28,4 13.6 3.1 5.4 .12 9 51,5 40,8
K-110 1656 34.0 3.7 1.7 6.1 .20 6 463 ...
K-109 1598 27.3 15,7 2.4 3.3 .12 1.1 49.9 coes
K-108 1498 36.9 6.2 kA4 1.8 .17 7 5002 ies.
K-107 1368 24.7 9.2 4.9 3.6 .06 - ' 7% R
K-106 1275 29.4 6.6 6.6 7.3 .00 9 505 ...
K-105 1188 30.7 2.1 4.7 5.1 .02 6 43,2 b4
K-104 1124 36,8 3.4 3.3 4. b2 5 bok ...
K-103 104 27.6 2.5 3.9 L3 .65 9  39.8 ....
K-102 958 36,5 9.0 3.7 4.1 sk 1.1 548 ...,
K-101 871 28.0 8.4 6.0 4,8 .10 6 b7.9 cose



MACKLEPRANG SECTION CONTINUED

s;ng Ftéﬁ::ve gl Q%z B?:o Hf SZ Oiiggs }C?;s %AX;

K-100 850 30.1 7.0 4.5 3.3 .19 6 U5.7 coose
K- 99 799 344 59 3.6 5.7 31 1.4 51,3 44,2
K- 98 670 34,1 8.2 5.1 4,3 A1 1.2 53.3 ....
K- 97 569 28.8 16,5 2.6 2.2 .09 1.8 52,0 ....
K- 96 L83 36,2 9.5 5.8 4.8 .08 .7 57.1 ceee
K- 95b 411 28.2 12,5 5,0 5.6 .81 1.2 53.3 cees
K- 95a 338 25.0 14.8 2.6 6 .23 1.0 4.2 47,0
K- 94 266 37.1 10.5 2.7 3.9 .08 8  55.1
K- 93 216 32,2 13.4 3.3 3.0 .12 6 52,6 41,0
K- 92 151 39.4 9.8 4.5 3.5 .38 1.5 5.4 ....
K- 91 86 30.9 5.8 3.4 53 .12 2,5 48,0 41,2
K- 90 22 2.7 3.6 3.5 87 .00 1.3 41,8 40.8
K- 89 i 23.6 2.3 2.3 8.7 .00 2.t 39,0 44,2
K- 88 10 20.9 8.9 4.1 4,5 .04 1.2  39.6 42,2
K- 87 0 30.0 3.8 51 60 .00 1,6 46,5 44,0
Ave 30,6 8.2 3.9 46 .21 1.4 48,4 43,0
Stnd. Dev. 4.9 L2 1.2 1.7 .2t .5 5.5 2.1

PARCWAN GAP SECTION

Smpl Ft/Above % % % % % % Fe 4 Ave

No. Base F1 Qtz Bio Hb Sp Oxides XLs % An

K-116 110 27.9 b4 2.6 2.8 .01 7 384 1.6
K-115 79 26.3 L,6 3.6 2.6 .00 1.6 38.7 e
K-114 65 17.8 2.8 2.8 2,9 A& 1,0 27.4 43,3
K-113 12 20.2 7.9 2.8 43 .17 8 361 ...
Ave 23,0 4.9 3.0 3.2 .08 1.0 352 As2.b
Stnd. Dev. L.8 2.1 M .8 .09 A 6.3 .9



ORTON JUNCTICN SECTION

Smpl  Ft/Above % % % 4 % % Fe % Ave
No. Base Pl Qtz Bio Hb Sp Oxides XLs 4 An
K-119 35 15.3 3.7 4.3 1,9 .2 8 26,3 43,2
K-118 23 17.3 44 4,0 1.6 01 1.0 28,3  ....
K-117 0 15,9 4.3 3.6 2.7 .17 7 27.k L0.1
Ave 16,2 4,1 4,0 2,1 1 9 27.3 b1.6
Stnd. Dev. 1.0 N NI § .2 1.0 1.3

SOUTH EGAN SECTION

Smpl  Ft/Above % 4 % % 4 4 Fe 4 Ave

No. Base Pl Qtz Blo Hb Sp Oxides XLs % An

179 605 12,4 3.4 2,9 2.0 .03 A 21,1 43,8
180 510 11.6 A4 1.1 3,8 .01 8 17.7 ...
182 400 12,5 10.3 2.1 8 .06 5 26,2 40,1
184 260 19.3 6.5 2.5 2.2 .08 Lo 310 ...
177 125 18.9 L1 1.3 .8 .06 A 25.5 1,2
Ave 4.9 49 2.0 1.9 .0k .5 2.3 417
Stnd. Dev. 3.8 1.3 .8 1.3 .03 o2 5.1 1.9

WHITE MOUNTAIN SECTION

Smpl  Percent % % 4 % $ 4 Fe % Ave

No. Thickness Pl Qtz Blo Hb Sp Oxides XLs ¢ An
710 98 31,5 1.7 3.3 2.8 .00 .8  ho,1 ...
693 3 24,0 6.1 2,5 4.7 .00 1.8  39.1
€92 1 8.4 A 1.7 28 .00 1.5 wh4k ...
Ave 22.7 3.9 2.9 4o .00 1.3 3.2 ...
Stnd. Dev. . 3.5 1.2 1.3 .00 .5  11.8  ....
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TABLE II

DENSITY AND PORCSITY DATA FOR LUND SAMPLES

BLUE MOUNTAIN SECTION

Smpl Ft/Above Bulk Grain Percent
No. Base Density Density Porosity
K-17 755 2,25 2,78 19,2
K-16 703 2,37 2.75 13.6
K-15 és1 2.40 2,74 12.3
K-14 602 2,45 2.63 6.6
K-13 572 2,43 2,70 9.5
K-12 527 2.51 2.73 8.0
K-11 Ly 2.51 2.70 7.k
K-10 387 2.51 2,72 7.6
K- 9 337 2.57 2.70 LR
K- 8 287 2,54 2,72 6.6
K~ 7 237 2.55 2.75 7.2
K- 6 183 2.49 2,74 9.0
K- 5 133 2,47 2.73 9.5
K- 4 100 2.60 2,74 5.2
K- 3 67 2,58 2,72 5.2
K- 2 33 2,57 2,71 5¢3
K- 1 0 2,142 2,66 9.0
Ave 2,48 2,72 8.6

Stnd, Dev. .09 .03 3.6



CONDOR CANYON SECTION

Smpl Ft/Above Bulk Grain Percent
No. Base Density Density Porosity
K-34 903 2.19 2,60 15.7
K-33 883 2.03 2,54 19.9
K-32 853 2.11 2,58 16.6
K31 773 2.31 2,65 13.2
K-30 740 2,19 2,60 15.6
E~29 694 2.25 2,62 14,2
K-28 605 2.34 2,70 12,6
K-27 554 2,30 2.75 16.7
K-26 489 2,41 2.70 10.9
K-25 415 2.45 2.67 8.0
K-24 364 2,32 2.70 13.9
K-23 304 2.50 2.71 8.0
K22 234 2,52 2,68 7.2
K-21 201 2,50 2,69 7.3
K-20 113 2.54 2,82 10.2
K19 52 2.50 2,73 8.5
K-18 20 2.47 2,72 9.1
Ave 2.35 2.67 12,2
Stnd. Dev. .16 .07 4.0

NE4 ARROWHEAD SECTION

Smpl. Ft/Above Bulk Grain Percent
No. Base Density Density Porosity

K-55 1127 2,43 2,73 11.0

K-54 1036 2,38 2.70 11.6

K-53 956 2,39 2.74 12.7



NE4 ARRONHEAD SECTION CONTINUED

Smpl. Ft/Above Bulk Grain Percent
No. Base Density Density Porosity
K-52 8ok 2.44 2,65 7.8
K~51 842 2.47 2.66 &
K~50 785 2.42 2,76 12.1
K-49 693 2.43 2,77 12,5
K-48 650 2.48 2,76 10.2
K-lt? 581 2.51 2.82 10.6
K-46 517 2,46 2.69 8.6
K-k5 498 2.48 2,72 9.0
K-l 432 2,48 2.73 9.3
K-43 388 2.53 2,76 8.0
K-l2 341 2,46 2,65 7.0
K41 276 2,48 2,73 9.0
K10 215 2,51 2.79 9.8
K-39 162 2.52 2,77 9.0
K-38 122 2,52 2.70 6.8
K~37 96 2,58 2,75 5.5
K~36 56 2,60 2.74 k.9
K-35 7 2.59 2.76 6.3
Ave 2,48 2.73 9.0
Stnd. Dev, .06 .04 2.3

MACKLEPRANG SECTION

Smpl Ft/Above Bulk Grain Percent
No. Base Density Density Porosity
K-112 1765 2.38 2.58 7.6
K-111 1744 2.39 2.59 6.2

K-110 1656 2.33 2.50 7.2



MACKLEPRANG SECTION CONTINUED

Smpl Ft/Above Bulk Grain Percent
No. Base Density Denslty Porosity
K-109 1598 2.37 2,50 5.4
K-108 1498 2.38 2,58 7.7
K=107 1368 2.43 2,56 5.2
K-106 1275 2.50 2,62 4,6
K-105 1188 2,46 2,58 5.3
K-104 1124 2,48 2,63 5.7
K-103 1044 2.43 2,58 6.0
K-102 958 2.53 2,62 3.5
K-101 871 2.42 2,55 5.5
K-100 850 2,48 2.63 5.7
K- 99 799 2,48 2,58 k.o
K~ 98 670 2,47 2.57 b3
K- 97 569 2,44 2,57 4.9
K- 96 483 2,50 2.63 5.0
K- 95b h11 2,43 2,58 5.7
K- 95a 338 2.41 2.59 7.2
K- 9% 266 2,49 2.63 5.0
K- 93 216 2.52 2.63 b2
K- 92 151 2,55 2,70 5.7
K- 91 86 2.58 2,72 5.2
K- 90 22 2.50 2,58 2.9
K- 89 14 2.1 2,54 3.8
K- 88 10 2.29 2.43 5.7
K~ 87 0 2,18 2,48 11.8
Ave 2.4 2.58 5.6

Stnd. Dev. .08 .06 1.7



PARCWAN GAP SECTION

Smpl Ft/Above Bulk Grain Percent
No. Base Density Density Porosity
K-116 110 2.2 2.58 13.1
K-115 79 2.29 2,60 11.6
K-114 65 2,31 2,60 10.9
K-113 12 2,27 2.58 11.8
Ave 2,28 2,59 11.8
Stnd, Dev. .03 .01 .9

ORTON JUNCTION SECTION

Smpl Ft/Above Bulk Grain Percent
No. Base Density Density Porosity
K-119 35 2,02 2.46 17.9
k-118 23 2,08 2.36 11.7
K-117 0 2,11 2,53 L, 6
Ave 2,17 2,45 11.4
Stnd. Dev. .21 .08 6.6

SOUTH EGAN SECTION

Smpl Ft/Above Bulk Grain Percent
No. Base Density Density Porosity
179 605 2,14 2,48 13.5
180 510 1.76 2.1 17.6
182 Loo 2,00 2.22 11.3
184 260 1,99 2,44 18.3
177 125 2,02 2,44 15.8
Ave 1.98 2,34 15.3

Stnd. Dev. L .15 3.2



WHITE MOUNTAIN SECTION

Smpl Percent Bulk Grain Percent
No. Thickness Density Density Porosity
710 98 2,04 2,43 15.9
693 3 2.58 2.70 bk
692 1 2,52 2.60 3.3
Ave 2,38 2,58 7.9

Stnd. Dev. .30 .11 7.0



TAELE III
CCLOR CODING FOR LUND SAMPLES

BLUE MOUNTAIN SECTION (Ave 10 R 5/2)

Smpl No. Color Code No. Smpl No. Color Code No.
K-17 7 R7/2 K-8 6 R 5/2
K-16 7 R 5.5/2 K-7 12 IR 4.5/1.5
K-15 7 R 6.5/2 K-6 7 R L4.25/2
K14 10 R 5.75/2.5 K-5 10 R 4.5/2,5
K-13 10 R 5/2 K-l 10 R 4.25/2,5
K-12 14 ¥R 4.5/1.75 -3 7 R 4,25/2.5
K-11 12 YR 5/2 K-2 7 RU4.5/2
K~-10 14 YR 4.5/1.75 K-1 10 R 4/2
K~9 10 R &/2

CONDOR CANYON SECTION (Ave 9 R 6/2)
Smpl No. Color Code No. Smpl No. Color Code No.
K-34 17 1R 7.5/2 K-25 6 R 6/2
K-33 12 YR 7.75/1.25 K-2 5R 8/2
K32 15 YR 7/1 K-23 12 YR 5/2
K-31 6 R 6/1.5 K-22 15 YR 5.5/1
K-30 5 R 6/2 K-21 11 YR 5.5/2
K-29 5 R 6.5/2 K-20 7 R 6.25/2.5
K-28 10 R 6.5/2 K-19 7 R 5/2
K-27 10 R 7/2 K-18 7 R 42
K26 5R 6/2



NEW ARROVHEAD SECTION (Ave 18 YR 4.5/2)

Smpl No. Color Code No. Smpl No. Color Code No.
k.55 10 R 5/2 K-l 15 R 5/1.25
K-5k4 15 YR 5.5/1 K~43 15 R 4/1.5
K-53 12 YR 5.5/2 Kb42 15 YR 5.25/1.25
K-52 15 TR 5.25/2 K-lt1 15 IR 5.5/3.25
K-51 15 IR 5.5/1.5 K-40 15 R 4.5/1
K-50 13 R 5.5/1.75 K-39 10 R 4/2
K-49 10 R 5.5/2 K-38 15 TR 4.5/1.5
K-48 15 TR 5/1.5 K-37 9 R 3.75/2.5
K-b7 15 YR 4/1.5 K-36 15 YR 4/1
K-46 15 R 5.5/1.25 K-35 16 IR 3.75/1.75
K-Ii5 10 R 5/4

MACKLEPRANG SECTION (Ave 15 TR 6/1.5)
Smpl No. Color Code bNo. Smpl No. Color Code No.
K-112 N7 K-100 15 R 4.75/2
K-111 35 GY 7.5/.5 K-99 15 IR 5/2
K-110 15 R 7/.5 K-98 15 R 5.5/3
K-109 N7 K-97 15 R 6.5/1.5
K-108 N 7.5 K-96 15 IR 5.25/1.5
K-107 15 1R 6/1 K~95b 15 YR 6.5/1.5
K-106 15 R 6.75/1.5 X-95a 15 R 6.5/2
K-105 15 R 5.5/3 K- 15 R 5/2
K- 104 15 YR 5.5/3 K-93 15 IR 6/2
K~103 15 1R 5.5/3 K-92 15 R 5/2
K-102 15 1R 5/2 K-91 15 TR 5/1
K-101 15 YR 5/2 K-90 N2



MACKLEPRANG SECTION CONTINUED

Smpl No. Color Code No. Smpl No. Color Code No.
K-89 N 3 K-87 15 R 7.5/.5
X-88 15 YR 7/2

PARCWAN GAP SECTION (Ave 7.5 R 6.5/2)
Smpl No. Color Code No. Smpl No. Color Code No.
K-116 5R7/2 K-114 5R 5/2
K-115 15 YR 7/.5 K-113 5R 7/2

ORTON JUNCTION SECTION (Ave 13 YR 6/1)
Smpl No, Color Code No. Smpl No. Color Code No.
K-119 15 TR 7.5/.5 K-117 10 R 4/2
K-118 15 YR 7/1

SOUTH EGAN SECTION (Ave 15IR 8/1)
Smpl No. Color Code No. Smpl No. Color Code No.
179 15 IR 8/1 184 N8
180 15 YR 8/1 177 N8
182 N8

WHITE MOUNTAIN SECTION (Ave 18 IR 5.5/2)

Smpl No. Color Code No. Smpl No., Color Code No.
710 25 Y7/2 692 15 IR 5/2

693

15 YR 5/2
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