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CHAPTER 1 

INTRODUCTION 

C o r r e l a t i o n of l a c u s t r i n e sediments between playa bas ins 

on the Southern High P l a in s i s d i f f i c u l t because such 

c o r r e l a t i o n i s based on thie h igh ly v a r i a b l e l i t h o l o g i c cha rac te r 

of the sediment (Reeves, o r a l comm., 1983). Late Cenozoic 

vo lcan ic ash d e p o s i t s a r e l o c a l l y preserved in these playa bas ins 

and represen t s t r a t i g r a p h i c markers Uiose age and source can be 

determined by l a b o r a t o r y s tudy . Ash depos i t s can be used to 

c o r r e l a t e l a c u s t r i n e sediments , es t imate sedimentat ion r a t e s , arxl 

provide minimun ages for these b a s i n s . 

Radiometric da t ing of ash depos i t s has been done by 

Boe l l s to r f f (1976), Dalyrymple e t a l . , (1965), Evernden e t a l . , 

(1951), F le i scher e t a l . , (1964), and Naeser e t a l . , (1971). 

Dating tecliniques include f i s s i o n - t r a c k a n a l y s i s of z i r con , 

a p a t i t e , and g l a s s and potass ion-argon a n a l y s i s . Unce r t a in t i e s in 

the d a t e s determined by these techniques a r i s e from severa l f i e ld 

sources . The abundance of r ad ioac t i ve minera ls needed for 

rad iomet r ic da t ing i s of ten very low in d i s t a l volcanic ash beds 

and l a rge q u a n t i t i e s of ash a re needed to concen t ra te a 

s u f f i c i e n t nunber of g r a i n s Cor a n a l y s i s . Problems a l s o a r i s e 

from post d e p o s i t i o n a l a l t e r a t i o n s wi thin the d e p o s i t and by 

contaminat ion fran d e t r i t a l r ad ioac t ive minera ls t h a t a r e 



introduced during reworking of the initial airfall ash. 

Determining the geochemical characteristics of an ash unit 

and matching this "fingerprint" with volcanic source areas that 

have been previously dated has been shown to be an effective 

method for dating ash deposits on the Great Plains (Borchardt et 

al., 1972; Czamanske et al., 1965; Izett, 1981; Izett et al., 

1970, 1971, 1972; Kortemeier, 1980; Miller, 1974; Randle et al., 

1970; Richardson et al., 1976; Swineford et al., 1946; and 

Iheisen et al., 1968). Volcanic source areas are generally not 

hampered by detrital contamination and fresh, unaltered 

exposures are abundant. 

Volcanic ash derived from volcanic eruptions of Long 

Valley, California (Borchardt et al., (1972), Kortemeier 

(1982), and Izett et al., (1970)), Yellowstone, Wyoming and 

Idaho (Boellstroff (1976), Izett et al., (1971), Miller 

(1974), Naeser et al., (1973), and Swineford et al., 

(1946)) , and the Jemez Mountains, New Mexico (Izett et al., 

(1972 and oral comm., (1984)) all have been recognized on 

the Southern High Plains. 

Purpose 

The purpose of this project vas to determine the 

geochemical characteristics of a volcanic ash deposit that 

occurs in the Skeen Lake basin and to determine a probable 



volcanic source. The ash should provide a useful 

stratigraphic marker in this and other Southern High Plains 

basins if it can be precisely characterized. 

Methodology 

Field investigation incorporated drill hole data and 

outcrop inspection in order to determined the stratigraphic 

relationship of the ash bed. Several pits were dug at 

various levels within the ash bed to reveal as much of the 

deposit as possible. Oscillatory ripple marks within the 

deposit offer the only stratigraphic control. 

A detailed petrographic inspection was conducted to 

determine glass shard morpiwlogies and microf^ienocryst 

assemblage. Individual glass shards were separated from the 

ash using a water tower separating technique (Harris, 1965; 

Appendix A) and by hand picking. Immersion oils wsre used to 

determine the glass shard index of refraction and the 

indices of immersion oils were checked using an Abbe 

refractometer. Vne microphenocryst assemblage was separated 

from the ash using the water tower apparatus, standard heavy 

liquid techniques, a Franz isodynamic separator, and hand 

picking. Ttie microphenocrysts were identified using 

petrographic techniques. 

Electron microprobe analysis was used to determine 



major-element compositions of glass shards from several ash 

deposits on the Southern High Plains. 

Study Area 

The Southern High Plains of Texas are characterized by 

thousands of playa lake basins v*iich range in size from 

several hundred to several thousand square meters. The playa 

basin chosen for this study is located in Lynn County, Texas 

and is approximately 45 km south of Lubbock, Texas on U.S. 

Highway 87. At the time of this study, a small body of water 

(Skeen Lake) occupied this basin. The Skeen Lake basin is 

one of several small basins within Guthrie Lake basin, a 

large, alkaline playa basin (Figure 1). The Skeen Lake playa 

basin was selected for three reasons: 

1. the occurrence of volcanic ash in the basin, 

2. the relative abundance of ash (more than 1.5 meters 

thick in some areas), 

3. and the accessibility of the ash as exposed in 

drainage cuts and barrow pits. 

Ash from two other Southern High Plains deposits, 

Buffalo Springs Lake in Yellow House Canyon and a playa 

basin approximately three miles south of Tulia, Texas, and 

pumice samples from the Jemez Mountains of New Mexico 

(Bandelier tuff) were collected for comparison with the ash 
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Figure 1. Location of Skeen Lake and Guthrie Lake Basin in Lynn 
County, Texas. 



in Skeen Lake basin. 
J 

IXiring this investigaion the ash bed that underlies part 
A 

of the Skeen Lake Basin was referred to as the "Skeen Lake 

ash," the ash occurring in Yellow House Canyon was referred 

to as the "Buffalo Springs ash," and the ash occurring south 

of Tulia, Texas was referred to as the "Tulia ash."These 

names are not formal stratigraphic names, but serve to 

identify each of these deposits. 



CHAPTER 2 

STRATIGRAPHY 

An ash bed is exposed on the north and west sides of a 

small playa lake basin just north of Skeen Lake (Lynn County, 

Texas; Figure 2) in a man-made drainage cut and several 

barrow pits. The drainage cut is approximately 6 meters wide 

and 34 meters long and exposes the top 1.8 meters of the 5.2 

meter-thick ash bed. Layering within the ash bed strikes N25W 

and dips 1 to 4 to the NE. The surface of the deposit is 

exposed in the barrow pits and in one of the pits, more than 

0.6 meters of ash can be seen below water level. A 3.1 meter 

thick zone of white, calcareous sediment occurs on the east 

side of the basin at approximately the same elevation as the 

ash deposit but cannot be confirmed as being volcanic ash. 

A small power auger was used to drill two holes to 

determine the thickness of the ash deposit. One hole, drilled 

just north of the drainage cut, revealed an ash thickness of 

approximately 5.2 meters. The second hole, drilled in one of 

the barrow pit floors, reached a thickness of approximately 

4.6 meters. In both localities the ash lies unconformably on 

the Duck Creek Formation of Cretaceous age. 
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\>QQ^ ~ drainage cut 

• - location of ash samples taken for lab examination 

Figure 2. Location of barrow p i t s and drainage cut in the north 
half of the Skeen Lake Basin. 



Underlying Sedimentary Rocks 

The Cretaceous Duck Creek Formation i s a gray-green to 

yellow-brown sandy shale. Regionally, Cretaceous sediments 

are unconformably overlain by the Ogallala Fonnation the 

unconformity i s typical ly exposed in larger pluvial basins 

such as the Guthrie Lake Basin. 

Erosion through the Ogallala Formation produced these 

large pluvial lakes and deposition of ash and subsequent 

rewDrking and concentration in the lower reaches of the basin 

has complicated the unconformity by depositing tihe ash 

directly on the EUck Creek Formation. 

Skeen Lake Ash 

Drill cuttings show that the lower 4.0 meters of the 

Skeen Lake ash i s predominantly gray ash with cavit ies arxil 

solution charmels f i l l ed with brova-i sediment (Figure 3) . 

The ash i s fine grained and raryges in color from light gray 

to gray. No phenocrysts are v i s ib le to the naked eye. Small 

(.16 an) black inclusions occur in isolated pockets and 

possibly represent organic material tJiat was trapped within 

the ash during reworkirvg of t±e in i t ia l air fal l deposit. 

Five fresh water limestone lenses occur within the upper 

portion of the section (15 to 107 cm). These limestone lenses 

are dark gray, very irxiiurated, discontinuous, and range in 
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A. platy, friable, calcareous 
zone, represents contact with 
overlying sediments. 

B. light gray ash with sedimentary 
inclusions. 

C. highly indurated limestone lens. 
D. gray ash underlain by light gray 

ash with abundant flow structure. 
E. highly Indurated limestone lens. 
F. gray ash with black inclusions. 
G. light gray ash with thin 

laminations, discontinuous 
limestone lens. 

H. gray ash with flow structure. 
I. oscillatory ripple marks. 
J. gray ash with flow strticture, 

light gray ash inclusions, and 
zones of weathered ash. 

K, highly Indurated limestone lens. 
L. gray ash with flow structure and 

black inclusions. 
M. light gray ash. 
N. gray ash with bands of light gray 

ash in flow structure, black 
inclusions, and some weathered 
aBh. 

0. highly Indurated limestone lens. 
P. gray ash with thin (0,5 cm) 

horizontal laminations. 
Q. green weathered ash. 
R. gray ash with flow structure and 

laminations. 
S. Duck Creek Shale. 

TTTL 

-flow structure 

-highly Indurated limestone lens 

C> -light gray ash Inclusions 

1^^ -thin horizontal laminations 

1^1 -sedimentary inclusions 

-green weathered ash 

Figure 3. Stratigraphy of the ash deposit (as seen in pits). 
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thickness from 0.3 to 3.8 cm. 

At a height of 4.2 meters osci l latory ripple marks 

occurs and can be traced at least 24.4 meters throi^h the 

deposit. The ripple marks trend N89W, which indicates an 

east-west paleoshoreline, perpendicular to the present day 

north-south shoreline. The ripple marks have an amplitude of 

about 0.65 an and a wavelength of 2.55 an. In loca l i t i e s 

exposed to weathering, a 0.30 an layer of calcareous cement 

caps the ripple marks. 

Alternating layers of l ight gray and gray ash occur 

above the ripple marks. &A îrling flow structure, horizontal 

laminations, small (0.15 an) black inclusions, arx3 a small 

(2.5 an tJiick) limestone lens v*iich pinches out in this area, 

a l l occur in this 20.3 cm section. 

The upper 22.9 an of t±e ash bed i s predominantly platy 

and calcareous with interbedded layers of l ight gray and gray 

ash and that range in thickness from 5.1 to 7.6 cm. This platy 

zone represents the contact between ash and overlying 

sediments. The interbedded ash layers contain small (10.2 an 

diameter) inclusions of the overlyirvg brown s o i l s , arxi 

exhibit swirlirvg flow structure. 

The most consistent bedding structures in the ash 

deposit are the swirling flow structures and fine horizontal 

laminations. Ttiese structures, which occurred at a l l of t±e 
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observed l o c a l i t i e s , retain the same morphological 

characteristics throi^hout, range from 2.5 to 15.2 cm in 

height and contain zones of wsathered green ash in some 

swirls . Thin horizontal laminations (.32 cm) occur in 

with the swirling flow structure and occasionally exhibit 

small-scale cross bedding. The swirling flow structure, thin 

horizontal laminations that have been contorted into swirls and 

circular shapes, i s thought to be a result of some type of 

depositional process operating within the basin such as a 

debris flow or sheet flow. The occurrence of this phenomena in 

a l l the observed loca l i t i e s suggest that the process 

responsible for the swirling flow structure operated on a basin 

wide scale and was not restricted to one or two l o c a l i t i e s . 

In the drainage cut, joints strike between N6E and N45E. 

These jo ints are most l ike ly the result of loading and 

unloading forces caused by fluctuating levels of water in the 

basin. Thin (.64 an thick) , white, irxiurated calcareous cement 

f i l l s these fractures. 

Discontinuous zones of weathered green ash occur at 

various locations within the deposit. Some of these zones are 

horizontal and some are included in swirling flow structure. 

Inclusion of tJiese weathered zones into swirling flow structure 

suggests that rewDrking did riot immediately follow in i t ia l 

a ir fa l l deposition as some time was needed for ash weathering. 
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These weathered zones, which are discontinuous arx3 could not be 

traced to nearby pits, are thought to represent hiatuses within 

the depositional cycles of the ash. 

Weathered ash shows several diagenetic effects. In some 

localities, a thin, white, indurated, calcareous layer plates 

the ash. In other localities the upper 8 to 15 an of ash have 

become indurated with platy, calcareous cement. Rarely, the ash 

is yellowish green in color and varies from semi-indurated to 

clay-rich. This phenomena was only observed in barrow pits 

vshere the ash has been exposed to weathering for some time and 

is thought to represent breakdown of the ash to clay minerals. 

Overlying Sediments 

The ash is overlain by small (15 cm diameter) 

discontinuous pockets of red/brov»i fine sand to sandy clay 

loam. This sediment resembles material from the eolian 

Blackwater Draw Formation (Reeves, 1976). The Blackwater Draw 

Formation is permeated with white, semi-indurated caliche, 

v^ich ranges in thickness from 15 to 76 an and is overlain by 

soils from the Mansker and Portales Group (Soil Conservation 

Survey, Soil Survey, Lynn County, 1955). These soils vary in 

thickness from 15 to 91 an. All of the overlying sediments 

(Blackwater Draw, Mansker, and Portales sediments) have 

calcareous cement. 



CHAPTER 3 

PETT̂ OGRAPHY 

Shards comprise more than 99 percent o f the ash and are 

composed of semi-hydrated and optical ly isotropic glass . 

Shard morphologies are primarily bubble wall and bubble 

junction (approximately 96 percent) with the remainder 

being pumiceous shards. Heiken (1972) considered shard 

morphology to be governed by the v iscos i ty of the original 

magma, which in turn i s dependent on temperature, chemical 

composition, and vo lat i l e content (principally water, 

halogens and carbon dioxide). Bubble wall and bubble junction 

shard morphologies are generally associated with magmas 

having low v i s c o s i t i e s , whereas pumiceous shards are 

characteristic of more viscous magmas (Izet t , 1981). 

Some of the glass shards appear s l ight ly cloudy due to 

nimerous gas bubbles within them. These gas bubbles are 

spheroidal in shape and are relat ively abundant in the bubble 

wall arxi bubble junction shards. Rare shards are deep gray to 

black in color. Skeen-Mclntyre (1977) suggested that this 

phenomenon could result from exsolution of finely divided 

mafic minerals ( e . g . , magnetite), or from contamination by 

magma mixing. 

The refractive index of the glass shards ranges from 1.495 

14 
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to 1.498 and averages 1.497. It i s important to note that the 

refractive index of a glass sample depends, to a significant 

extent, on whether or not the glass i s hydrated (Ross and 

anith, 1955) because hydration tends to cause a change 

in refractive index. 

The microphenocryst assemblage within the ash bed inclules 

quartz, sanidine, magnetite, ilmenite, zircon, amphibole, 

clinopyroxene, a l lan i te , chevkinite, b i o t i t e , and plagioclase. 

Crystals that did rwt have glass adhering to their surfaces 

were c lass i f ied as detrital grains although some may be 

microphenocrysts that lack adhering glass . Detrital grains were 

probably introduced during depositon and reworking of the ash. 

In thin section, microphenocrystic clinopyroxene i s dark 

green and s l ight ly pleocroic in plane l ight . The Skeen Lake ash 

also contains detrital clinopyroxene that lacks adhering glass 

shards. The detrital clinopyroxene i s pale green in color, 

diopsidic in nature, and has a sharp, angular morphology v*iich 

suggests a minimum amount of abrasion during transportation. 

The detrital clinopyroxene could have been entrained during 

eruption by erosion of the vent walls. Eiitrained xenocrysts 

would be transported and deposited with the ash but wDuld not 

be cognate to the ash-forming magma and wDuld lack attiached 

g lass . Another possible cause of the pale clinopyroxene could 

be contamination of the deposit with tephra from a different 
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source area such as New Mexico, Central America, or Mexico. 

This theory requires that the glass from this contaminating 

eruption be unstable (relative to the Skeen Lake ash) and break 

dovn leaving only its microphenocryst assemblage to mark its 

occurrence. 

Allanite is yellow/brown to pale green in plane light. 

Allanite grains exhibit subhedral to anhedral morphologies and 

are the least abundant mineral present. 

Chevkinite occurs as long, pencil-shaped euhedral 

crystals and is red/brown in plane and polarized light. 

Amp^iibole is dark brovn to dark green in color 

and is anhedral. The anhedral morphology suggests resorption of 

amphibole by a magma in vAiich amphibole was unstable. Anhedral 

amphibole grains from other volcanic ash beds on t±e Great 

Plains have not been reported (Figure 4). 

Garnet occurs within the ash bed and exhibits concoidal 

fracture. The morphology of these grains suggests very little 

reworking and fluvial transportation, however, the garnet 

grains are not attached to glass and are classified as 

detrital. Izett (1981) noted that the occurrence of garnet in a 

magmatic suite is probably related to vapor phase 

crystallization or incorporation of xenocrysts. 

Mineral assemblages separated from the Buffalo Springs 

and T\alia ashes and the Guaje and Tsankawi punice beds of the 
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Figure 4. Anhedral amphibole grains with attached glass shards. 
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Bandelier TXiff all contained quartz, sanidine, and 

clinopyroxene. Clinopyroxene similar to the detrital 

clinopyroxene in the Skeen Lake ash was not present in these 

ash arva pumice beds. The TUlia ash contains rare anhedral 

amphibole but lacks magmatic biotite. 



CHAPTER 4 

GEOCHEMISTRY 

Most s i l i c e o u s ash beds in the western and central 

United States can be c lass i f ied as eitJier rhyolitic or dacitic 

ashes. Izet t (1981) considered greater CaO and Mg contents and 

lesser K content to be characteristics that distinguish dacitic 

from rhyolitic g lass . Rhyolitic ashes can be further subdivided 

into two types, W- and G-type rhyolites. W-type rhyolitic ash 

i s chalky white megascopically, has l e s s than 0.55 weight 

percent FeO and less than 0.55 weight percent CaO in the glass 

shards, always has phenocrystic biot i te and lack fayal i te . 

W-type ash typical ly has a large percentage of microscopically 

colorless glass shards of pumiceous habit vhose irxiex of 

refraction usually ranges from 1.494 to 1.497. W-type ash has a 

low percentage of glass shards that contain microlites, usually 

has microphenocrysts of quartz, Na-poor sanidine, ol igoclase, 

clinopyroxene, hornblende, magnetite, ilmenite, apatite, and 

a l lan i te . In general, W-type glass has Si02 contents from 76 to 

79 weight percent (corrected vo la t i l e - f ree ) , and has a narrow 

major-element compositional range. 

G-type rhyolit ic ash i s l ight to medium gray, has from 

0.55 to 2.0 weight percent FeO and l e s s than 0.55 weight 

percent CaO in the glass shards, lacks phenocrystic b io t i t e , 

19 
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has colorless platy bubble wall and bubble junction glass 

shards whose index of refraction ranges from 1.497 to 1.520. 

Typically G-type ash lacks glass shards that contain 

microl i tes , has a microphenocryst assemblage that include 

Na-rich sanidine o l igoclase , clinopyroxene and hornblende, 

faya l i te , magnetite, i lmenite, apat i te , a l lan i te , and 

chevkinite. G-type glass shards have Si02 contents (corrected 

volati le-free) from 72 to 79 weight percent, and have a narrow 

compositional range for the major rock-forming elements. 

Dacitic ash i s v^ite to l ight gray or l ight grayish brown, 

has more than 0.55 weight percent FeO and CaO in the glass 

shards, typical ly has a complex mixture of shard shapes, 

including pumiceous, fibrous, chunky, bubble wall and bubble 

junction types, arvd have shards v*iose refractive index ranges 

widely from 1.4% to 1.530. Dacitic ash commonly contains 

appreciable numbers of l ight brown glass shards compared to the 

numbers of colorless glass shards, commonly contains glass 

shards charged with ferromagnesian minerals and feldspar 

microl i tes , frequently lacks microphenocrystic quartz, 

sanidine, and biot i te but has a microphenocryst suite that may 

contain intermediate plagioclase, clinopyroxene, orthopyroxene, 

amphibole (hornblende and cummingtonite), magnetite, ilmenite, 

and apatite. Si02 contents of dacit ic glass shards are l ess 

than the Si02 contents in W- and G-type rhyolitic shards and 
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range from 67 to 77 weight percent. For a particular ash bed, 

dacit ic glass shards have wide compositional ranges for the 

major rock-forming elements ( Izet t , 1981). 

The geologic setting of G-type and W-type rhyolitic 

centers i s in areas underlain by continental crust that has 

undergone extensional deformation such as the Long Valley, 

California; Yellowstone, Wyoming; and the Valles Caldera, New 

Mexico, v^ereas dacit ic centers are commonly located near 

convergent plate margins such as the Cascade Range of the 

Pacific Northwest. 

Sample preparation of glass shards and microphenocryst 

grains for electron microprobe analysis required hand 

picking of grains that had been separated from the ash bed for 

petrographic analysis. These grains were mounted in 

holes dril led in a 2.5 on diameter, 0.6 an thick bakelite disk 

and polished using 1 micron diamond paste. The disk was carbon-

coated for more eff ic ient e lectrical conductivity. Chemical 

compositions of individual glass shards were determined using a 

JEOL model JXA-733 "Superprobe" electron microprobe at Southern 

Methodist University. The operating conditions were an 

excitation voltage of 15 Kv, beam currents ranging from 5 to 20 

nanoamps, and a beam diameter of 10 to 20 microns depending on 

the elements being analyzed. The microprobe was calibrated 

using starxiards provided by Southern Methodist University. The 
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r e su l t s of these analyses are l i s t e d in Table 1. 

The Skeen Lake ash can be geochemically c lass i f ied as a 

G-type rhyo l i t i c ash. The cha rac t e r i s t i c s described ea r l i e r 

for G-type ashes are gene ra l i t i e s and the Skeen Lake ash does 

not conform uniformily into a l l of these categories in tha t 

the Skeen Lake ash contains b i o t i t e . However the Skeen Lake 

ash shows greater s imi l a r i ty to G-type rhyol i tes than to 

W-type rhyo l i t e s . 

For purposes of co r re l a t ion , elements that exhibit a 

noticeable degree of var ia t ion within and among tephra layers 

of d i f ferent ages and or ig ins are considered most useful. With 

electron microprobe analysis these elements are usually Ca, Fe, 

Mn, Mg, and Ti . Na and K are strongly affected by post-

deposit ional diagenetic processes and yield resu l t s that are 

not cha rac t e r i s t i c of the or iginal ash chemistry. Al and Si 

tend to have similar concentrations in ashes derived from many 

d i f ferent volcanic provinces and don ' t exhibit charac te r i s t i c 

va r i a t i ons . The s e n s i t i v i t y of the microprobe technique for 

determining concentrations of the remaining elements i s often 

too low to adequately dis t inguish between different tephra 

l aye r s . 

The two se t s of data for the Skeen Lake glass shards 

r e f l ec t values tha t arose from different operating condit ions. 

Na and K abundance data are unrel iable using the standard 



Table 1. Major-element composit ions of g l a s s shards from 
Skeen Lake, T u l i a , and Buffalo Springs ashes . 

SKEEN LAKE ASH * 
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Si02 A1203 FeO MgO CaO Na20 K20 Ti02 MnO P205 
7 3 . 9 5 11 .75 1.59 
74 .94 11 .81 1.51 
74 .36 11 .77 1.51 
7 4 . 2 5 11.84 1.43 
7 4 . 4 3 11 .88 1.79 
75 .38 1 2 . 1 9 1.04 
7 5 . 4 1 11 .97 1.66 
72 .27 11 .62 1.66 
7 4 . 8 3 11.94 1.42 
73 .74 11 .67 1.18 

a v e . 74 .31 11 .84 1.48 

. 0 3 

.04 

.04 

.04 

.04 

.04 

.04 

.04 

.04 

. 0 3 

.04 

.54 

. 5 9 

.62 

. 6 1 

. 5 9 

.47 

. 6 1 

.56 

.57 

.52 

.57 

2 .16 4 .18 
2 .42 4 .85 
2 .35 4 .90 
2 .36 4 .80 
2 .32 4 .82 
2 .64 4 .53 
2 .48 4 .94 
2 .12 4 .88 
2 .36 4 .64 
2 . 2 9 5.04 
2 .35 4 .82 

.16 

.10 

.07 

. 1 5 

.10 

.04 

. 0 5 

. 0 9 

.14 

.07 

.10 

.02 

.07 

. 0 1 

.06 

.04 

.00 

.06 

.07 

. 0 5 

. 0 9 

.04 

.00 

.00 

.00 

. 0 5 

. 0 1 

. 00 

. 0 1 

. 0 3 

. 08 

. 0 3 

.02 
s.d. .44 .09 .18 .00 .03 .11 .12 .02 .02 .02 

Si02 A1203 FeO 
75 .66 12 .10 1.20 
72 .88 11 .68 1.52 
73 .74 11.70 1.55 
7 4 . 7 9 11 .91 1.20 
75 .78 12 .12 1.18 
7 4 . 1 5 11 .80 1.51 
7 3 . 1 9 11 .76 1.56 
74 .30 11 .86 1.38 

TULIA 

MgO 
. 0 4 
. 0 3 
. 0 4 
.04 
. 0 3 
.04 
.04 
.04 

CaO 
.48 
.00 
.55 
.47 
. 4 5 
.57 
.54 
.51 

ASH * 

Na20 K20 
2 .37 4 . 4 6 
2 .01 4 .97 
2 .37 4 .54 
2 .55 4 .95 
2 .55 4 . 5 5 
2 . 3 9 4 .78 
2 .32 4 .63 
2 .36 4 .70 

Ti02 
.07 
.16 
.10 
.13 
. 0 9 
.22 
. 1 1 
.13 

MnD 
.02 
. 03 
. 0 5 
.06 
. 0 1 
.05 
.04 
.04 

P205 
.00 
.00 
.03 
.00 
.00 
.07 
.02 
.02 

s.d. .57 .11 .14 .00 1.39 .13 .17 .03 .01 .01 

* - operating conditions of 20 nanoamps and a 10 micron 
beam diameter. 
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Table 1 ( c o n t . ) . 

SKEEN LAKE ASH * 

Si02 A1203 FeO MgO CaO Na20 K20 Ti02 MnO P205 
72.05 11.36 1.63 
72.25 11.71 1.66 
72.33 11.42 1.25 
71.97 11.42 1.30 
71.11 11.39 1.33 
70.96 11.21 1.67 
72.98 11.6 1.14 
70.41 11.18 1.52 

ave. 71.76 11.41 1.44 

.03 .45 

.05 .41 

.03 .57 

.05 .61 

.04 

.04 
.55 
.52 

.04 .47 

.06 .53 

.04 .51 

2.96 
2.69 
2.71 
3.21 
2.88 
3.21 
3.26 
3.28 
3.02 

5.24 
5.20 
5.06 
4.79 
5.38 
5.22 
5.17 
4.79 
5.11 

.16 

.21 

.14 

.31 

.26 

.12 

.17 

.04 

.18 

.12 

.09 

.00 

.13 

.11 

.06 

.00 

.00 

.06 

.14 

.26 

.06 

.43 

.14 

.00 

.00 

.28 

.16 
s.d. .73 .15 .15 .01 .04 .29 .18 .05 .05 .05 

TULIA ASH * 

Si02 A1203 FeO MgO CaO Na20 K20 Ti02 MnO P205 
3.14 5.13 .12 .09 .06 
3.02 4.75 .14 .01 .33 
3.13 5.44 .07 .01 .26 
2.69 5.22 .12 .01 .00 
3.14 4.81 .21 .10 .13 

72.74 11.30 1.20 .01 .42 
70.83 11.14 1.61 .06 .47 
72.68 11.65 1.57 .02 .55 
67.74 10.78 1.73 .04 .57 
71.81 11.27 1.52 .02 .57 

ave . 71.15 11.22 1.52 .02 .52 3.02 5.07 .13 .04 .15 
s . d . 1.03 .17 .15 .01 .05 .14 .24 .03 .04 .05 

* - operating conditions of 5 nanoamps and a 20 micron beam 
beam diameter. 



Table 1 (cont.). 

BUFFADD SPRINGS ASH * 
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Si02 A1203 FeO MgO CaO Na20 K20 Ti02 MrO P205 
74.45 11.86 1.23 
74.61 11.93 1.14 
74.61 11.96 1.26 
73.64 11.74 1.17 
74.96 11.85 1.25 

ave. 74.45 11.87 1.20 
s . d . .24 .04 .04 .00 .02 .22 .18 .04 .01 .02 

.02 

.03 

.02 

.03 

. 0 3 

.02 

.30 

.23 

.26 

.26 

.27 

.27 

2.43 4.01 
2.78 3.49 
3.28 3.70 
2.68 4.00 
2.66 3.73 
2.76 3.78 

.00 

.14 

.07 

.04 

.13 

.07 

.06 

.08 

.07 

.06 

.15 

.08 

.06 

.00 

.00 

.06 

.00 

.01 

BUFFALO SPRINGS ASH ** 

Si02 A1203 FeO MgO CaO Na20 K20 Ti02 MnO P205 
71.79 11.50 1.35 
70.96 11.16 1.29 
70.73 11.53 1.11 
72.21 11.69 1.04 
70.51 11.16 1.25 

ave . 71.23 11.40 1.20 
s.d. 733 713 710 702 704 718 732 7l0 710 70^ 

* - operating conditions of 10 nanoamps and a 10 micron 
beam diameter. 

.02 

. 0 1 

.00 

.07 

.02 

.02 

.18 

.23 

.23 

.17 

. 1 1 

.18 

3.81 
3.53 
3.66 
4.13 
3.54 
3.73 

4.77 
4.86 
4.00 
4.59 
5.02 
4.64 

.00 

.00 

. 3 1 

.17 

.04 

.07 

.06 

.12 

.27 

.07 

.00 

.07 

.10 

.00 

. 2 1 

.12 

. 3 1 

.11 

** - operating conditions of 10 nanoamps and a 10 micron 
beam diameter. 
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operating conditions of 20 nanoamp beam current and a 10 micron 

beam diameter because the intensity of the beam volatilizes 

these elements. One set of data in Table 1 reflects the above 

operating conditions v*iereas the other set reflects and 

operating current of 5 nanoamps and a beam diameter of 20 

microns. 

Major-element concentrations of Skeen Lake, Tulia, and 

Buffalo Springs glasses and of tephra from other late 

Tertiary and early Quaternary volcanic systons (Yellowstone, 

Long Valley (Bishop), Valles Caldera (Bandelier), Crater 

Lake, Oregon (Mazama) , and Los Chocoyos (Guatemala)) are 

presented in Table 2. 

The FeO content of the various beds ranges from 0.71 

weight percent in the Bishop units to 1.79 weight percent in 

the Mazama glass. FeO contents for the Bandelier sequence 

(Guaje and Tsankawi beds), the Pearlette sequence (Lava 

Creek, Mesa Falls, and Huckleberry Ridge tuffs of the 

Yellowstone volcanic center) , and the Skeen Lake, Tulia, ar>d 

Buffalo Springs ash bed are all relatively similar ranging 

from 1.20 to 1.78 weight percent. The low FeO content in the 

Bishop tephra (0.71 to 0.72 weight percent) is characteristic 

of this unit and distinguishes the Bishop tephra from other 

volcanic provinces. The high FeO content (1.56 weight 

percent) in the Skeen Lake ash suggests that there is no 
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Table 2. Major-element compositions of glass shards from late Cenozoic 
volcanics. 

1 Bishop Tuff 
2 Bishop Ash 
3 Lava Creek B Ash 
4 Mesa Falls Ash 
5 Huckleberry Ridge Ash 
6 Skeen Lake Ash 
7 Skeen Lake Ash * 
8 Tulia Ash 
9 Buffalo Springs Ash 
10 Guaje Ash 
11 Guaje Pumice 
12 Tsankawi Pumice 
13 Los Chocoyos Ash 
14 Mazama Glass 

Si02 
76.9 
77.3 
76.8 
76.8 
76.5 
77.8 
76.7 
76.8 
76.9 
76.4 
76.2 
76.5 
77.0 
75.1 

A1203 
13.1 
13.0 
12.2 
12.2 
12.2 
12.4 
12.2 
12.1 
12.3 
12.4 
12.9 
12.9 
12.9 
14.6 

FeO 
.71 
.72 
1.57 
1.49 
1.78 
1.56 
1.54 
1.64 
1.30 
1.38 
1.32 
1.45 
.90 
1.79 

MgO 
.05 
.07 
.02 
.04 
.02 
.04 
.04 
.02 
.02 
.05 
.03 
.04 
.31 
.48 

CaO 
.53 
.56 
.54 
.58 
.58 
.61 
.54 
.56 
.19 
.28 
.21 
.26 
1.18 
1.79 

Na20 
3.72 
3.43 
3.57 
3.21 
3.34 
2.49 
3.23 
3.25 
4.03 
3.73 
4.06 
4.00 
3.98 
4.09 

K20 
4.80 
4.80 
4.98 
5.41 
5.21 
4.99 
5.46 
5.47 
5.01 
5.61 
5.14 
4.73 
3.60 
1.56 

Ti02 
.06 
.07 
.10 
.11 
.12 
.10 
.19 
.14 
.08 
.05 
.04 
.04 
.14 
.46 

MnD 

.03 

.03 

.05 

.04 

.06 

.04 

.11 

.08 

.08 

.08 

.06 

Sources : 1 and 2 (Izett et a l . , 1970); 3, 4, and 5 (Sarna-Wojcicki et 
a l . , 1984); 6, 7, 8, and 9 (this investigation); 10, 11, and 12 (Izett et 
a l . , 1972); 13 (Rose et a l . , 1979); 14 (Ritchey, 1980). 

All values have been normalized to 100 percent. 

* represents different operating conditions. 
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genetic relationship with the Bishop tephra. The FeO content of 

the Mazama punice i s considerably greater than the FeO content 

in the Skeen Lake ash and also indicates no genetic 

relationship. 

CaO content within these ash beds ranges from 0.19 to 

2.38 weight percent. Ash deposits and pumice that originated 

from the Valles Caldera area a l l have low concentration of CaO 

(0.19 to 0.28 weight percent) and this concentration has been 

considered to be characteristic of the Bandelier sequence 

(Izett e t a l . , 1972). CaO concentrations from the Bishop and 

Yellowstone volcanics are consistently between 0.5 and 0.6 

weight percent. These values are significant and separate the 

Bandelier, Mazama, and Los Chocoyos tephra from the Bishop, 

Yellowstone, Skeen Lake, and Tulia ashes. 

Based on the major-element compositions of the glass 

shards, the Skeen Lake ash appears to be genetically related to 

the Yellowstone t e^ra group. Of the three ash units that 

comprise the Yellowstone tephra group only the Lava Creek B 

ash has concentrations that resemble concentrations of the 

Skeen Lake ash. Specif ically, the FeO content of 1.57 weight 

percent and 1.54 weight percent for the Lava Creek B and the 

Skeen Lake ash, respectively, and the identical CaO content of 

0.54 weight percent and 0.54 weigh percent for the Lava Creek B 

and the Skeen Lake ash suggest derivation from the same source 
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area. 



CHAPTER 5 

ENVIRONMENT OF DEPOSITION 

The playa lake basin in which the ash occurs is located 

at the south eastern end of the much larger (approximately 

16 km long and 8 km wide) Guthrie Lake Basin in Lynn County, 

Texas. Reeves (1966a, 1966b) suggested that many of the large 

pluvial lakes on the Southern High Plains, were once part of 

an open lake system interconnected by early Pleistocene 

streams. These early Pleistocene drainage channels trend east 

to southeast (Gazdar, 1981). The lake basins formed over 

Cretaceous topographic highs v*iere the Ogallala Formation was 

unusually thin. Once the drainage penetrated the Ogallala 

Formnation arxJ oicountered the more canpetent Cretaceous 

shales and limestones, downward erosion slowed and lateral 

erosion predaninated, carving out the lake basins. 

Reeves (1965) also showed that the Guthrie Lake Basin 

is located at the head of a Cretaceous valley, which was 

superimposed over Jurassic drainage. The occurrence of large 

linear basins in Lynn and Terry Counties could therefore be 

related to Cretaceous drainage valleys and are bordered by 

Cretaceous highs. 

The Guthrie Lake Basin overlies Cretaceous sediment 

(predominantly Duck Creek Shale and Edwards Limestone) 

30 
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which, in areas surrounding the basin, i s unconformably 

overlain by Ogallala Formation sediment (sands, gravels, and 

cal iche) . The age of the Guthrie Lake Basin has not been 

clearly determined. Reeves (oral comm., 1984) considers the 

Ogallala Formation to be of Miocene age, which would give the 

Guthrie Lake Basin a maximim age of mid-to late-Miocene, 

assuming that the basin developed after the Ogallala 

Formation was deposited and had not existed during Ogallala 

deposition. However, the absence of Nebraskan age sediments 

in the basin suggests a late Pleistocene age (Figure 5 ) . 

(Quaternary drainage has been to the southeast, and one 

would therefore expect the deepest part of the basin to 

develop in the southeastern part of the basin. Upon drainage 

of the upper reaches of the basin most eroded material wauld 

be washed into the southeastern part of the basin. The 

occurrence of ash in the Skeen Lake basin and i t s absence 

from the other small basins that occur within the Guthrie 

Lake Basin suggest that Skeen Lake was the only body of water 

present in the basin, with the possible exception of small 

ponds, during deposition and rewDrking of the ash. Ojtcrops 

of ash 4.6 m to 6.1 m above the present day water level 

indicates a larger volume of water occuppied the basin at the 

time of deposition. 

Numerous small playa basins similar to the Skeen Lake 
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Basin occur within the Guthrie Lake Basin and are the r esu l t 

of def la t ionary processes. These basins are considered to be 

much younger than the Guthrie Lake Basin (Reeves, 1965). The 

absence of ash in these small playas suggest that they 

formed af ter the ash f a l l , \4iereas, the occurrence of ash in 

the Skeen Lake Basin indicates a pre-ashfal l or ig in . 

Volcanic ash was i n i t i a l l y deposited as a i r f a l l and was 

then rewDrked and concentrated in the Skeen Lake Basin by 

pluvial processes. Reworking and subsequent deposition did 

not occur in a s ingle episode. The presence of osc i l l a to ry 

r ipp le marks in the upper portion of the deposit and several 

zones of weathered ash suggest nimerous reworking episodes. 

As the ash was washed into the basin from the upper 

reaches of the drainage system, i t could be deposited ei ther 

as a lens-shaped deposit a t the bottom of the basin 

( ref lect ing basin floor morphology) or as an annular deposit 

around the basin (similar to a ring l e f t in a bathtub). 

Volune determinations for both a lens-shaped and an 

annular-shaped deposit were calculated assumming a maximum 

ash thickness of 5.2 m. The volume of ash in an 

annular-shaped deposit i s approximately 78,000,000 cubic 

meters . This volume, d i s t r ibu ted over 15.2 square km (the 

approximate area of the Guthrie Lake Basin), requires 

deposit ion of a 5.1 to 6.4 cm layer of ash, a s ignif icant ash 

file:///4iereas
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f a l l on the Southern High Plains. Quantities of ash in other 

ash deposits on the Southern High Plains are not consistent 

with these calculated values (Izett and Wilcox, 1982). The 

volune of ash in a lens-shaped deposit i s approximately 

14,800,000 cubic meters. This volume, distributed over 15.2 

square km, requires deposition a 0.6 to 1.3 an layer of ash 

over the basin. These values are consistent with other ash 

quantities that occur on the Southern High Plains. The 

presence of ash below the present day water level (as seen in 

one of the barrow p i t s ) , the relative thickness 

(approximately 5.2 m thick) and volume of the unit suggest a 

lens-shaped deposit rather than a ring-shaped deposit. The 

expected quantity of ash in a ring deposit would be much 

greater than the quantity of ash in a lens-shaped deposit and 

would cover much more area as i t encircled the lower reaches 

of the basin. The isolated occurrence of such a large 

concentration of ash needed to form a ring-shaped deposit i s 

not consistent with ash volumes in other South Plains basins 

(Izett and Wilcox, 1982). 



CHAPTER 6 

CONCLUSIONS 

A Quaternary volcanic ash deposit has been preserved in 

the Guthrie Lake Basin. The ash bed crops out in the 

southeastern part of the basin and lies unconformably on the 

Cretaceous IXack Creek Shale. The deposit is covered with 

ftjatemary eolian sediments that are considered to be reworked 

Blackwater Draw material. 

The microphenocryst content of the ash is similar to 

other ash beds on the Great Plains, except that it contains 

anhedral amphibole grains. Anhedral amphibole in ash beds on 

the Great Plains has not been previously reported. Glass shard 

morphology and optical properties are characteristic of G-type 

ashes that originated at large continental rhyolitic centers. 

Analysis of glass shards from t±is and other ash beds 

indicate that the Skeen Lake ash is chemically distinct from 

glass shards originating from the Valles Caldera of New 

Mexico, the Long Valley Caldera of California, arx3 several 

Mexican volcanic provinces. The shards are compositionally 

similar to glass shards originating from the Yellowstone 

volcanic province. 

Of the three explosive episodes from the Yellowstone area, 

only two tephra units (Huckleberry Ridge, 2.02 m.y. and the 

35 
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Lava Creek B, 0.62 m.y.) have been reported on the Southern 

High Plains (Figures 6 and 7). Occurrence of the third tephra 

unit (Mesa Falls, 1.27 m.y.) has only been reported in the 

Central Great Plains. Chemically, the two Yellowstone ashes are 

very similar but major-element concentrations in the Skeen Lake 

ash glass shards more closely resembles the Lava Creek B ash 

than the Huckleberry Ridge ash. The Huckleberry Ridge ash lacks 

amphibole (Izett, 1981) whereas the Lava Creek B and the Skeen 

Lake ash are amphibole-bearing. 

This correlation suggests a minimum age of 0.62 m.y. for 

the Skeen Lake basin and the larger Guthrie Lake Basin. The 

correlation would also indicates a minimum age of 0.62 m.y. 

for the small basin in v*iich the TUlia ash occurs because the 

Tulia ash is chemically similar to the Skeen Lake ash. 

The absence of other volcanic ash beds in the Guthrie 

Lake Basin is also significant. The occurrence of the Valles 

volcanics has been documented on the Southern High Plains 

(Izett et al., 1972; Izett, oral communication, 1984). If the 

basin were present during eruption of Bandelier sequence, one 

would expect Guaje or Tsankawi airfall to be concentrated near 

the basin floor. The absence of Guaje ash from the Guthrie Lake 

Basin could be the result of at least two possibilities. One 

possibility is that the basin had existed before the 

Valles eruption, that the Guaje ash was deposited within the 
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I 

0 AOO miles 

Figure 6. Map showing the location of the Lava Creek B ash 
(0.62 m.y.) arxJ inferred area (circled) where this 
ash might be found (after Izett and Wilcox, 1983). 
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0 400 miles 
_J 

Figure 7. Map showing the location of the Huckleberry Ridge ash 
(2.02 m.y.) arx3 inferred area (circled) v*iere this 
ash might be found (afer Izett and Wilcox, 1983). 
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basin and has either not been exposed or has been eroded. 

A second possibility suggests that the Guthrie Lake Basin 

formed after the Valles eruption, giving the basin a maximum 

age of 1.4 million years, the age of the Guaje ash. The absence 

of Nebraskan and Kansan aged sediment:s in the basin support 

this theory. Further drilling within the basin is necessary to 

distinguish between these possibilities and ultimately 

determine the maximum age of tJie Guthrie Lake Basin. 
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In i t ia l mineral separation was accomplished using a 

water tower separator (Harris, 1965). Precise calibration of 

the apparatus and constant sample flow are d i f f i cu l t . Precise 

calibration was not necessary to achieve eff ic ient separation 

and simple lab techniques can produce consistent sample flow. 

Constant sample flow must be maintained in order to 

incorporate the sample into the water tower. If t±e flow i s 

sporadic a suctioning effect occurs and the sample i s 

washed out of the tower. Air bubbles in the water hoses can 

also produce this e f fect . A flow meter in the water l ine that 

feeds the lower portion of the tower eliminates air bubbles 

in the l ines and allows much easier water velocity 

calibration. 

Harris (1965) suggests sieving samples into 3 size 

fractions, #60-120 mesh, #120-230 mesh, and <#230 mesh. Three 

techniques must be employed to adequately introduce these 

fractions to the separator. 

Constant flow can be obtained with grains from the #60 

to 120 s i ze fraction by putting this fraction in a 500 ml 

separation flask, adjusting the stopcock for slow, constant 

flow, and positioning the flask over the funnel so that the 

grains fa l l into the water stream that introduces the sample 

to the primary column. A small squirt bottle can be used to 
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wash grains that have collected on the funnel sides into the 

flow of water. 

The #120-230 s ize fraction i s too fine to pass through 

the separator flask without clogging and i s too large to be 

used with the magnetic st irrer technique which will be 

discussed shortly. The best method for introducing this size 

fraction into the column i s to pour the sample by hand, with 

a small spoon or spatula, into the funnel where a small water 

hose moves the sample into the main column of water. 

The <#230 s ize fraction can be mixed in a 1000 ml beaker 

with water at a ratio of one part sample to four parts water. 

A magnetic st irrer i s used to keep the sample in suspension . 

By positioning the beaker above the separating column, the 

solution can be siphoned through a small hose and directed 

into the funnel. TWo clamps are needed, one to hold the upper 

part of the hose in the beaker and the other to fasten the 

hose to the funnel and regulate the flow of solution into the 

funnel. The hose v*iich generally provides the constant stream 

of wash water dovffi the funnel i s now placed into the beaker 

and replenishes the siphoned water. Ideally, the flow of 

water into the beaker should match the flow of water being 

siphoned out. This i s not a simple adjustment and nearly 

constant attention i s necessary to make sure that the 

flow rates do not fluctuate. A beaker full of water i s 
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convenient to have on hand v*ien outflow i s s l ight ly greater 

than inflow. I t i s not necessary to l e t the sample beaker run 

completely dry before more sample i s added. 50 ml of sample 

can be added to the solution (and more water if needed) about 

every f ive minutes or v*ien the solution begins to look 

translucent. 




