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CHAPTER I 

INTRODUCTION 

Statement of Purpose 

The purpose of this investigation is to determine 

whether it is possible to accurately distinguish and map 

geomorphic features on alluvial fans in arid regions using 

digital SPOT imagery. Correlations will be drawn between 

classifications of the SPOT image, past investigations which 

employed remote sensing, aerial photographs, and ground and 

aerial photography studies by previous investigators. 

The study site is Hanaupah Canyon alluvial fan. Death 

Valley, California, chosen for its potential to accurately 

map fan units of different ages. Additionally an analysis 

of drainage, faulting, and previous studies from the 

literature will show formerly unmapped fault traces, and 

help to increase the accuracy of existing maps. Review of 

the literature for this study revealed only limited 

publications. Thus the methods used, in addition to the 

results achieved are of importance. 

In a general sense, this thesis adds to the knowledge 

of the use of remote sensing techniques to obtain geologic 

information. Data acquisition by remote sensing has 

contributed greatly to mineral and fuel discoveries, local 

regional geologic structure understanding, as well as to 

the general geologic mapping of many areas. Additionally, 



regional geologic structure understanding, as well as to 

the general geologic mapping of many areas. Additionally, 

remote sensing increases the efficiency of many geologic 

mapping groups by adding speed, economy, and accuracy to the 

process. Some geologic information which is difficult, 

impossible, or economically impractical to obtain by routine 

field-mapping methods, can now be obtained easily. 

Location of Study Area 

National Science Foundation funding to Dr. Ronald Dorn 

provided funds for imagery acquisition. A long term study 

constrained new imagery purchase to the Death Valley region, 

California. Recent work in Death Valley by Dr. Dorn as well 

as previous ground and aerial photo studies by other 

authors, led to the selection of Hanaupah Canyon fan. Death 

Valley, California as the primary study site. 

SPOT 1, HRV 2, scene # 543-277 was imaged on 17 June, 

1987 according to the geographic specifications (N36° 

15',W117°00' and N36°05',W117°45') (fig. 1.1). The imaged 

scene is 100^ cloud free, includes approximately one third 

of Death Valley National Monument and is centered on 

Badwater, California, the lowest point in the Western 

Hemisphere. The only major north-south road is State 



Highway 176. There are no major east-west roads, but 

several smaller unpaved and unimproved roads branch off of 

Highway 176, including the West Side Road through Death 

Valley which provides the only access to Hanaupah Canyon 

fan. 

Geologic Setting 

In order to familiarize the reader with the geologic 

setting of the Death Valley region, the following discussion 

summarizes the stratigraphy and structure of Death Valley. 

More information can be found in Hunt and Mabey (1966) and 

Miller (1987). 

From a topographic perspective. Death Valley is part of 

a 240 km long, north-south trending fault block which is 

part of the Basin and Range physiographic province. The 

present structure of this part of the Great Basin began to 

develop about 17 Ma ago with initiation of movement on the 

Furnace Creek fault system. A study of Miocene and Pliocene 

lacustrine beds indicates that lake water accumulated in the 

downfaulted blocks. Accompanying uplift, faulting, erosion, 

and volcanism, produced thick sediment accumulations in the 

basin depressions (Hunt and Mabey, 1966). By Late Pliocene 

time the region had become transtensional, which allowed 

rocks to adjust differentially along high angle faults. 



Movement continued on several of the right lateral faults 

and accelerated on the left lateral Garloek fault to the 

south of Death Valley (Miller, 1987). The strong vertical 

movement and subsequent erosion and deposition produced the 

present topography. 

The floor of Death Valley, which averages about 13 

kilometers in width, is bordered by steep faced mountain 

ranges. Saline lake sediments fill the valley to depths of 

several hundreds of meters and a flat salt-crusted playa now 

occupies over 500 square kilometers of its surface. 

Alluvial fans and some remnant volcanic rocks grade 

laterally into the lacustrine deposits. 

The Panamint Range on the west side of Death Valley 

rise more than 3,650 meters above sea level. Telescope Peak 

the highest of these mountains rises from the head of 

Hanaupah Canyon fan, the summit being only 19 km from the 

edge of the saltpan. Along the less lofty but equally 

rugged east side of Death Valley are the Black Mountains 

which at an overlook named Dantes View, rise 2,000 m above 

the floor of Death Valley. To the north east of the Black 

Mountains and outside the Death Valley National Monument lie 

the Funeral Mountains which are also flanked by massive 

alluvial fans on their west side. 



The Panamint Range overlooking the study area contains 

bedrock units of Precambrian through Paleozoic aged 

metamorphosed dolomites, shale, limestone and quartzite 

(Miller, 1987; Kahle, Shumate and Nash, 1984). Miocene 

volcanic rocks underlie the sedimentary features (Gillespie, 

Kahle and Palluconi, 1984) and some Tertiary voleanics, such 

as rhyolitic tuffs and basalt outcrops, are scattered 

throughout the region. 

Bedrock found in Hanaupah Canyon are a complex 

combination of igneous, metamorphic and sedimentary rocks. 

The Amargosa thrust complex cuts the canyon above the fan 

head and results in a multitude of fault-related structures. 

Granites, felsite dikes and numerous older metamorphic rocks 

including breccias of sedimentary rock are found associated 

with the thrust (Hunt and Mabey, 1966). Dolomite, 

limestone, fissile shale and abundant quartzite are commonly 

found in steeply dipping, complexly faulted, often repeated 

sections. This is the source material for Hanaupah Canyon 

fan. 

Quaternary deposits are either lacustrine beds of 

evaporites, saline silts and sands, or alluvial fan clasts 

(Hooke, 1972). The saline crust is the uppermost layer of 

saline minerals that formed during desiccation of the most 

recent lake that occupied Death Valley (Hooke, 1972). The 



floor of the valley is underlain by alternating layers of 

salt and mud to depths of at least 300 meters and perhaps 

more (Noble and Wright, 1954). Lake Manley (Blackwelder, 

1933) is believed to have been the lowest and most 

southeasterly of a connected chain of Pleistocene lakes 

which once extended as far north west as Owens Valley. The 

lake which occupied Death Valley, also received water from 

the Amargosa River which flows into the valley from the 

north. The current Amargosa River is discontinuous and 

rarely transports water into the southern part of the 

valley. 

The coarse debris which forms the complex alluvial fans 

of the west side of Death Valley have a pronounced upward 

concavity in longitudinal profile (Denny, 1965). The fan 

surfaces are not uniform: instead they are a mosaic of 

recent channels, abandoned channels and desert pavements. 

Covering all the debris in various stages of development is 

a rock varnish which is a ubiquitous (Dorn, et al., 1987) 

coating on gravel on arid-region fans. Desert varnish is 

composed of clay minerals, manganese and iron oxides, and a 

variety of minor and trace constituents, including organic 

matter (Potter and Rossman, 1977; Dorn and Oberlander, 

1982) . 
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Abandoned channels are a prevalent feature on Holocene 

fans deposits. These channels look very much like active 

channels except they contain scattered shrubs of creosote 

and have established coatings of desert varnish. Areas of 

desert pavement are generally smooth gently sloping surfaces 

with a concentration of closely packed pebbles, boulders, 

and other rock fragments which "pave" the surface. The 

close packed nature of the rocks protects underlying rocks 

and finer-grained materials from erosion and deflation. The 

pavement areas are cut by meandering washes which often 

originate on the pavement surface. Active channels of 

tremendous size and scale cut through the older surfaces to 

transport debris from the canyons head to the toe of the 

fans. In the ease of Hanaupah Canyon fan the active 

channel, nearly one hundred meters across and over thirty 

meters deep at the mouth forms a classic fanhead trench 

(Bull, 1964). 
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Figure 1.1 SPOT satellite image of southern 
Death Valley. The image was acquired 
17 June, 1987 by SPOT Image 
Corporation. From Dorn, 1988. 



CHAPTER II 

METHODS OF INVESTIGATION 

SPOT Imagery 

Imagery selected for use in this investigation was 

sensed by the French SPOT 1 satellite. SPOT 1, which stands 

for Systeme Probatoire pour 1'Observation de la Terre, was 

launched from French Guiana on February 21, 1986. The 

satellite orbits the earth in a circular sun-synchronous 

near-polar orbit at an altitude of 832 km (549 mi). A 

single scene image covering 60 km by 85 km, is a 

parallelogram created from the north-south track of the 

satellite and the earth's rotation. SPOT carries two 

identical scanners known as "high resolution visible" (HRV) 

instruments which have two modes of operation: a 

multispectral (MSS) mode with a pixel size of 20 meters and 

a panchromatic (PAN) mode with a 10 meter pixel size (Short 

and Blair, 1986). Within the HRV sensors a linear array of 

6000 charge-coupled devices (COD) detectors activate 

simultaneously to record incoming radiation. Each CCD 

represents a single pixel on the resultant image, and the 

combination of all 6000 CCD's equal one scan line of 

approximately 60 km on the earth's surface (Courtois and 
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Weill, 1985). A comprehensive image is produced as the 

satellite moves forward in orbit, and a succession of CCD 

linear array lines is produced. 

The HRV multispectral mode is composed of three bands 

with intervals of 0.50 to 0.59 (green), 0.61 to 0.68 

(red), and 0,79 to 0.89 (near IR). HRV panchromatic mode 

is a single band in the 0.51 to 0.73 range of the visible 

spectrum (Short and Blair, 1986). 

Selection of Imagery 

Resolution and usefulness for geologic interpretation 

were the primary factors which influenced imagery select ir)n. 

Numerous sources (Drury, 1987; Jensen, 1986; Sabins, 1986; 

Clemens, 1980) suggested the use of high resolution MS*; 

imagery as best for geologic investigations. Virtually all 

researchers agree that the better the resolution, the mcjre 

useful the image for detailed geomorphologic investigations. 

SPOT imaging products are available in four different 

processing levels. The lowest level, and thus least 

expensive, is level (lA). This level offers equalization of 

detector response without geometric corrections. The 

highest level of processing, level (2b) offers radiometric 
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correction and geometric correction with a guarantee of 

accuracy to within 5 to 10 meters depending on the imaging 

mode (Courtois and Weill, 1985). 

Compromising between prohibitive costs and superior 

resolution, two types of a single SPOT imagery scene were 

purchased. The first was MSS at processing level (la) and 

the second was PAN at processing level (la). 

Image Processing Equipment 

All of the image processing performed on this SPOT 

image was by a personal computer (PC) based system running 

an Earth Resources Data Analysis System (ERDAS) software 

package. The ERDAS software package, a disc operating system 

(DOS) compatible stand alone digital processing system is 

recognized in 1987-88 as a state of the art system for PC 

based users. 

The raw digital magnetic tapes purchased from the SPOT 

corporation were first transferred onto the PC system using 

a Cipher 9000 1600 bpi tape drive. The PC system used is a 

Compaq Deskpro /386 with expanded memory, graphics, numeric-

coprocessor, and a 130 mb fixed drive. Processing was 

conducted with a 512 x 512 pixel high resolution coior 

monitor. A GTCO 5A high density digitizing board interfaced 
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with the PC system provided table digitizing capabilities. 

A techtronix 4696 color ink jet printer provided high 

resolution hard copy generation and reproduction. 

Method of Field Study 

By studying available aerial photos and the unenhanced 

SPOT image of Hanaupah Canyon Fan, nine transect locations 

were selected for field observations and data collection. 

These locations were pinpointed as well as possible using 

man-made and natural landmarks which are identifiable both 

from the air and on the ground. Exact transect locations 

are documented in appendix B, as well as graphically in 

figure 2.1. 

The purpose of the field study was to perform grcvund 

truthing on selected representative sections of Hanaupah 

Canyon fan. Data collection at each transect consisted of 

laying a 100 foot steel tape across wash or pavement. 

Descriptions were made at 25 foot intervals horizontally 

except where a definite change in appearance was noted such 

as a break between pavement and wash surfaces. This 

procedure was repeated over a 500 foot transect. Twenty 

descriptions were obtained for each location. Transects 

were oriented north-south unless stated otherwise. Primary 

information recorded at each 25 foot increment includes: 
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a. Vegetation type and abundance. 

b. Lithology of the immediate surroundings. 

% igneous material 

% metamorphic material 

% sedimentary material 

c. Size of clasts (measuring the intermediate 

axis). 

d. Topography of the immediate surroundings. 

Note: slopes were approximated using a 

Brunton compass inclinometer. 

e. Weathering of the surface (including % 

clasts varnished; % clasts exposed 

calcrete; % weathering of clasts). 

f. Observations on features which might affect 

image. 

Fault displacement measurements were obtained by tape 

and Brunton compass. The triangulation shots were checked 

for accuracy by rod shots on important points. 

The topography of Hanaupah Canyon fan is well suited 

for this type of investigation because relief is gradual and 

consistent and the geology/geomorphology is not obscured by 

vegetation. Where channeling has trenched the fan surfaces, 

underlying alluvial material was compared to surface 

exposure for lithologic consistency. Except for varying 
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degrees of weathering and caliche development, or areas of 

obvious overbank deposition by younger units, no anomalies 

were discovered. 

Observations made during transect running and 

traversing of the fan were recorded in field notes appendix 

A. Photographs of unusual or distinct features are included 

where beneficial. However, the detailed study of the SPOT 

imagery contributes the greatest to overall comprehension of 

fan morphology. 
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Hanaupah Canyon Fan 
Field Tp«n«ect LocaUoos (within + or - 40 meters) 

Figure 2.1. Hanaupah Canyon fan field transect location 
map. 



CHAPTER III 

PREVIOUS WORKS 

Denny (1965) Geology 

Denny (1965) based his geologic interpretation of 

Hanaupah Canyon fan on unpublished data gathered by C. B. 

Hunt, (1966). Denny's (1965) work was the first published 

attempt to define multiple units found on various alluvial 

fans in Death Valley, however, his generalized geologic map, 

figure 3.1 lacks detail or extensive field verification. 

Denny (1965) defined three fan units on Hanaupah Canyon fan: 

Qg as unweathered gravel in modern washes; Qgv as varnished 

gravel in abandoned washes; and Qgp as the oldest weathered 

gravels. The Qgp unit, which can also be defined as areas 

of desert pavement, covered about three-fifths of the entire 

fan surface. The remaining surfaces were divided into equal 

parts of modern and abandoned washes. Unit Qgp is further 

subdivided into area Y and area Z, distinct zones which 

Denny (1965) was able to recognize because of variance in 

slope and degree of desiccation. Area Y was considered the 

older of the two, and when combined with area Z they made up 

the majority of the ancient fan surface which is now being 

trenched at the head, and buried at the foot by younger fan 

materials. Many of Denny's (1965) assumptions and 

conclusions followed from communications with C. B. Hunt 

16 
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prior to that author's landmark paper published in 1966 

(Hunt and Mabey, 1966) . For the purposes of this paper 

Denny's (1965) map (fig. 3.1), which is similar but less 

complete than Hunts and Mabey's (1966), is not discussed in 

detail, thus no Geographic Information System (GIS) map was 

created to depict this work. Instead the reader is referred 

to figure 3.2 which represents the first detailed map of 

Hanaupah Canyon fan created by Hunt and Mabey (1966). 

Although Denny (1965) did not map Hanaupah Canyon fan in 

great detail, his paper is a landmark work in the study of 

alluvial fan morphometries and dynamic equilibria. 

Hunt and Mabey (1966) Geology 

U. S. G. S. professional paper # 494-A by C. B. Hunt 

and D. R. Mabey (1966) presents the first comprehensive 

study which illustrated and described the differences in 

gravel fans along the east foot of the Panamint Range. 

Hanaupah Canyon fan was one of seven west side fans which 

were studied and illustrated in those works. Figure 3.2 is 

a GIS map digitized to depict Hanaupah Canyon fan as it was 

described by Hunt and Mabey (1966). 

Hunt and Mabey (1966) distinguished the oldest exposed 

gravel unit, called Qg^, from younger fan units by these 

criteria: 
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The Qg^ gravel forms the highest benches above 
the present drainage; the low parts of Qg gravel are 
overlapped by present drainage; the Qg gravel is more 
bouldery than the younger ones; the Qg^ is more 
cemented; the surface of Qg^ gravel is smooth desert 
pavement, whereas the younger gravels have rough 
surfaces; the stream worn cobbles and boulders on the 
surfaces of the Qg2 gravel have disintegrated to 
produce a new crop of angular rock fragments. 

Generally the Qg gravels are elevated about 30 meters 

above the present washes, but this distance ranges from only 

a few meters to more than forty meters. Composition of Qg 

consists of large quantities of sand, pebbles and cobbles of 

intermediate size, and considerable boulders. On Hanaupah 

Canyon fan the boulders range in size from a few tens of 

centimeters to tens of meters in diameter. Of particular 

interest is that similar boulders can be found throughout 

the entire fan from head to toe. Hunt and Mabey (1966) 

speculate that these boulders may result from exterior 

drainage. Overall lithologic composition consists of 

approximately 20^ granitic rock, 60^ quartzites, and 10% 

lightly metamorphosed carbonate rocks and argillite, but 

field observations show this proportion varies spatially 

over the fan. 

Younger Qg« gravels contain less caliche and are less 

well indur=Ter. "han Qgj • The Qg^ surface is usually lower 

than the Qg surface, but does sometimes overlap the lower 

reaches of Qg«, particularly on the eastern extent or toe of 
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the fan. Weathering, although apparent on the cobbles and 

pebbles of Qg is less pronounced than on Qg. elastics, thus 

when combined with reduced rock varnish development and 

rough surfaces of choked washes and disrupted drainages, 

attests to the more recent flooding of the Qg surface. 

Hunt and Mabey (1966) describe three kinds of surfaces which 

have formed on the Qg^ gravels, these can roughly be divided 

from youngest to oldest by the amount of varnish development 

and the degree of flooding evidenced. No attempt was made 

by Hunt to map these subunits of Qg«, therefor they are not 

depicted on the enclosed GIS map (fig. 3.2). 

Unit Qg./ the youngest deposit recognized by Hunt and 

Mabey (1966) on Hanaupah Canyon fan, is found in the washes 

and major channel bottoms where flooding has recently 

disturbed the gravels and prevented varnish development or 

protracted salt weathering. Hunt and Mabey (1966) speculate 

that Qg gravel is a thin deposit rarely more than a few 

meters thick because estimated volume of Qg gravels 

approximates the missing channel volumes of fan head Qgg and 

Qg gravels. Additionally, large cobbles and boulders can 

be found in tributary washes which originated on the fan 

instead of the Panamint Range. Near the head of the fan Qg^ 

gravels are found only in present washes below the level of 

older gravels, but as the toe of the fan is reached, Qg^ 

gravels can often be found overlapping older units. Shift 
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of Qg debris results from attributed to down cutting at the 

head of the fan and redeposition at the foot, due largely to 

continued faulting and eastward tilting of the Panamint 

Range. 

Hooke (1972) Geology 

Probably the most thorough study of an alluvial fan in 

Death Valley is that of Hanaupah Canyon fan by R. LeB. Hooke 

(1972). Hooke (1972) mapping on an aerial photograph used 

by Denny (1965), divides the gravels into seven morpho-

stratigraphic units (table 3.1), distinguished on the basis 

of topography, topographic position, and weathering 

characteristics (Hooke, 1972). 

The younger units, termed channel facies, were 

subdivided into four units; active, overflow, inactive, and 

transitional. The channel facies comprise the active 

surface of the fan, where as gravels on higher terraces are 

older. This assumption is supported by weathering 

characteristics and development of desert varnish on 

successively higher fan segments. 

The older gravels, termed surface facies, are divided 

into three units: younger; intermediate; and older. These 

units are difficult to distinguish because they have lost 

evidence of their initial bar and channel topography. 

Figure 3.3 shows surface facies which have weathered 
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extensively to well developed desert pavements with darkly 

varnished stones and little topography. The relative age-

determination of these older units was based primarily on 

their relative heights above the channel for a given 

position on the fan (Hooke, 1972). On Hanaupah Canyon fan 

the younger, intermediate, and older surface units are 

approximately 20m, 30m and 60m respectively above the active 

channel facies at fan head. Additionally, terracing of 

higher "older" units are steeper, and recent erosional 

gullies on these facies are deeper and wider. The higher 

units also contain less continuous desert pavement, the 

remnant flat interfluves are narrow, and the exposure of 

caliche is relatively abundant. Figure 3.4 depicts the 

detailed work compiled by Hooke (1972) in GIS format. This 

map was created by superimposing Hooke's (1972) work onto 

the orthophoto map of Hanaupah Canyon fan, digitizing the 

orthophoto map and overlaying the digital results onto the 

rectified MSS image. 

Dorn (1988) Geology 

Dorn (1988) presents an analysis of Hanaupah Canyon 

fans multiple units, including fan development and minimum-

age estimates of the various deposits. Incorporating the 

works of all authors discussed previously, Dorn (1988) 

expands their definitions through the analysis of rock 



22 

varnish. Rock varnish is a thin, dark, shiny film of 

manganese and iron oxide, clay minerals, and trace elements 

that forms on the surface of rocks in desert regions after 

long exposure. Formation is the result of microbial 

concentrations of manganese and iron and subsequent fixation 

to the rock surface by clay minerals (Dorn and Oberlander, 

1982). By sampling numerous sites on multiple alluvial fans 

in Death Valley, Dorn (1988) was able to obtain minimum ages 

for fan deposits by radiocarbon (Dorn, Bamforth et al., 

1986) and cation-ratio (Dorn, 1983) analyses of rock 

varnish. Additionally Dorn (1988) reconstructed the 

depositional sequence of deposit on Hanaupah Canyon fan 

(fig. 3.5). Table 3.2 lists the age estimates for fan 

deposits on Hanaupah Canyon fan according to Dorn (1988). 

Essentially Dorn (1988) arrives at three major unit 

divisions with a further five subdivisions, based on his 

radiocarbon and cation-ratio age-estimates. The youngest 

subunit Q«b is a rough surface of alternating gravel bars 
o 

and washes. The degree of varnish development progresses 

from Q3b which shows only a light orange early stage 

development, to Qgb. where cobbles exhibit well established 

black varnish. Q«b, the composite Holocene unit, was 

preceded by the older Q a unit that makes up the greatest 

percentage of exposed fan surface, extending several 
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kilometers from the head to the toe of Hanaupah Canyon fan. 

The older Q a and Q b surfaces resemble Q a in varnish 

development and pavement formation, but usually lie above Q, 

surfaces and are largely dissected by internal drainage 

development. Additionally, traces of calcrete rubble or 

"caliche" are exposed at the surface of the Q a and Q b 

units. The oldest and highest fan units are Q a and Q,b. 

At this stage, fan surfaces are deeply cut by internal 

drainage systems, little desert pavement is preserved, and 

abundant caliche is exposed on the weathered surface and 

erosional cuts. The high percentage of caliche gives the 

Q.a and Q b surfaces a lighter reflectance signature, which 

in the past has caused mislabeling of the Q a and Q,b 

surface as a younger, less varnished unit. 

Previous Image Processing Works 

Remote sensing investigations of the alluvial fans in 

Death Valley are not new. Several authors including 

(Gillespie, et al., 1984; Kahle, et al., 1984; Kahle, and 

Goetz, 1983; and Daily, et al., 1979) have published 

articles which focused on various aspects and uses of image 

processing to identify alluvial features in Death Valley. 

Others studies like those of (Shipman and Adams, (1987); 

Gillespie, et al., (1987)) have been conducted to enhance 
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or stretch the MSS reflectance spectra to aid interpretation 

by emphasizing spectral differences among surface material, 

or to identify minerals on the fans. Of particular 

interest, Gillespie, et al., (1984) mapped two west side 

alluvial fans just north of Hanaupah Canyon fan, using 

NASA's Thermal Infrared Multispectral Scanner (TIMS) 

imagery. Their investigation was based on conclusions which 

Kahle and Goetz (1983) presented, suggesting that variations 

among colors which represent alluvial fans were, in turn, 

variations in composition of source material, the age of the 

gravels, and the development of desert varnish. This basic 

premise has been adopted and expanded by several studies, 

and is indeed the foundation of the Hanaupah Canyon study. 

The imagery used by Gillespie, (1984), had the advantage of 

being six channel data instead of the SPOT MSS three 

channel. Improved wavelength coverage as well as increased 

separability provides the potential to isolate and enhance 

more narrow spectra. As is discussed in the following 

chapter, that capability enables the researcher to classify 

imagery in greater detail. It should be noted that the 

primary objective of Gillespies (1984) study was to relate 

source rock to gravel deposits, and map accordingly. This 

differs substantially from the Hanaupah Canyon fan 

investigation in that source bedrock was not examined: 

instead only the gradual development of geomorphic units as 
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perceived from orbit is considered. The effect of bedrock 

is largely subtracted in this study, as noted in the field 

observation results section, because lithology is mixed 

throughout the fan. 

Daily et al. (1979) incorporated both Landsat MSS and 

Radar imagery in his broad study of Death Valley alluvial 

fans. Resolution restrictions of the Landsat data and an 

attempt to encompass a greater surface area in the study, 

prevented detailed analysis of the kind sought by this 

author. However the procedures, assumptions, and overall 

conclusions of his study proved to be invaluable for 

evaluating Hanaupah Canyon fan. 
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Geology generalized from 
C. B- Hunt (unpublished data) 

1 .5 0 5 KILOMETERS 

EXPLANATION 

Qs 

Unweathered gravel in modem washes Varnished gravel in abandoned washes 

Weathered gravel 

Figure 3.1. Map of Hanaupah Canyon alluvial fan, Death 
Valley, California. Geology generalized from 
C. B. Hunt (unpublished data). From Denny, 
1965. 
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Interpretation of Hanaupah Canyon Fan 

I ly: C.B. Hunt, 1966 

J 
F i g u r e 3 . 2 . Geologic interpretation of Hanaupah Canyon fan 

by C. B. Hunt and Mabey, 1966. Map created by 
digitizing original data and GIS construction 
with SPOT image. 
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Figure 3.3 Well developed desert pavement surface, 
Hanaupah Canyon fan. Death Valley, California 
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Interpretation of Hanaupah Canyon Fan 

)y: R. LeB. Hooke. 1972 

/ • 

t 

F i g u r e 3 .4 Geologic interpretation of Hanaupah 
Canyon fan by R. LeB. Hooke, 1972. 
Map created by digitizing original 
data and GIS construction with SPOT 
image. 
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Hanaupah CanyonFao^^^^^^K 
Generalized Bfi^^^^suiu^^^^^^^^^^^^^^H 

4Sf 
b 

Figure 3.5 Generalized geologic map portraying Hanaupah 
Canyon alluvial fan units. Screen digitizing 
of Dorn, 1988 results. 
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Table 3 . 1 . S t r a t i g r a p h i c u n i t s de sc r ibed by R. 
LeB. Hooke, 1972. Corresponding 
u n i t s mapped by Denny, 1965 and 
Hunt and Mabey, 1966 a r e i nc luded . 

STRATIGMPHIC UNITS 

FKICS UnU 
Corrtipondlng unU napped by 

Dtfmy (196S) Hunt «nd Nabty (1966) 

Channel 

Active 

Ovtrflo* 

Inactive 

Transit!oneI 

I 
( Inactive I \ 

Inactive] J 

Modem washes 

Abandoned washes 

No. 4 grave) 

No. 3 gravel 

Surface 

Younger 

Inte mediate 

Older 

Weathered gravel No. 2 gravel 
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Table 3.2. Minimum age-es t imates for a l l u v i a l 
fan deposits in Southern Death Valley, 
from Dorn, 1988. Corresponding un i t s 
mapped by Hunt and Mabey, 1966 and 
Hooke, 1972 are included. 

Table 2. M i n i m u m Age^cttimatea for Alhivlai.ran Deposiu In Southern Death VaOcy 

Hum 6> Mabev (19M) 
Hooke (tin} 

Dam (Ihla aludv) 

Mapping tMIt 

Qga 
Older o««> 

Qlb 

Qta Qga 
Inlermadlaie 

Q«« QSb 
YounMr 

03* 
Tranaltlondr 

Q3bl (13ia 
InacHwe 

Q3t»3 

AOuvMFan Millennia a^P. 

Hanaupah 
Trail Canjfon 
Joniiaon 
Death Vallejr 
Galena 
Wann Spring 
Anvil 

*M.A * depoail no* 06 mrmd 
'a.*. > <i(pMi( not sampltd 

800-650 
n.o.* 

770-660 
n.a.' 

7S0-670 
n.«. 
n.a. 

600-490 
n.o. 

610-500 
n.a. 

620-520 
n.s. 
n.a. 

170-140 
165-135 
170-140 

n.«. 
165-135 

n.a. 
n.a. 

130-105 
120-110 
125-110 

n.a. 
120-105 

n.*. 
n.a. 

50-14 
SS-13 
42-13 
55-15 
40-14 
42-14 
42-15 

9.5-7.0 
11.0-7.0 
9.0-6w0 

i a o - 6 . 0 
9.5-7.0 
9.0-6.0 
9.0-&5 

4.5-XO 
4.0-XO 
4.0-2.5 
4.5-2.5 
4.0-2.0 
3.5-2.0 

aa. 

X5-0.5 
2.5-1.0 
2 .0 -a5 
2.0-0.5 
2.0-1.0 
1.5-0.5 

n.e. 



CHAPTER IV 

PROCEDrjRES aSED IN DIGITAL 

IMAGE PROCESSING 

Rectification 

Remotely sensed data usually contain both systematic 

and nonsystematic geometric errors (Bernstien, 1983). These 

errors can be divided into two classes: those that can be; 

corrected using knowledge of platform ephemeris and sensor 

distortion, and those that cannot be corrected without a 

sufficient number of ground control points (GCP)(Jensen, 

1986) . 

Systematic distortions can be subdivided into six 

further categories: scan skew; mirror scan velocity; 

panoramic distortion; platform velocity; earths rotaMon; 

and perspective (Bernstien, 1983). Digital SPOT MSS data 

acquired from the French Centre National d'Etudes Spatiale*; 

(CNES) has had systematic error removed prior to sale. SPOT 

imagery is available in several stages of geometric 

correction (see chapter 2), from level (la) which has only 

systematic distortions removed, to level (2b) which is fully 

rectified to a planimetric map. Level (la) was the imagery 

used for this investigation. 

Rectification is the process by which the geometry of 

an image is made planimetric (Haralick, 1973). Thii5 procfsr-

33 
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involves relating pixel coordinates (by row and column) to 

their map coordinate counterparts, such as latitudes and 

longitudes, a procedure which is often referred to as an 

image-to-map rectification. If the user has no intention of 

correlating an image to an existing map, and does not wish 

to identify image locations by conventional map coordinates, 

then image rectification may not be necessary. 

According to Green (1983), two basic operations must be 

performed to geometrically rectify a remotely sensed image 

to a map coordinate system. The first, spatial 

interpolation, requires identification of the geometric 

relationship between image pixel locations and associated 

map coordinates. This establishes the geometric coordinate 

transforms (Green, 1983) which must be applied to relocate 

or rectify each pixel into the rectified output image. The 

second operation, called intensity interpolation, arises 

because pixel brightness values can not always be directly 

moved one-to-one from input to output pixel locations. 

Often a pixel in the rectified or output image requires a 

value from the input grid which does not fall neatly on a 

row and column coordinate. Intensity interpolation is the 

mechanism for determining the brightness value (BV) to be 

assigned to the new rectified pixel. For an in depth review 

of the above concepts the reader is referred to (Colwell, et 

al., 1983). 
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Rectification of SPOT imagery used proved to be 

difficult because there are almost no cultural features 

(such as road intersections) on the image which could be 

correlated to a topographic map. Only through the use of 

orthophoto maps were reliable ground control points (GCPs) 

acquired for Hanaupah Canyon fan, and these were entirely 

morphologic or geologic features. It should be noted that 

for maximum reliability and accuracy in rectification only 

sharply defined and preferably cultural features should be 

used for GCPs. 

After seven reliable GCPs had been selected, a 

coordinate transformation matrix was created for a 

correspondence between the image and a Universal Transverse 

Mercator (UTM) map grid system obtained from the 7.5-minute 

orthophoto map. To determine how well the seven 

coefficients account for the geometric distortion in the 

input image, a computation of the root mean square error 

(RMS ) was calculated for each GCP. Any GCP with an 
^ error 

RMS tolerance greater than 1.25 was discarded appendix 
error 

A. In so much as possible given the scale differences 

between the MSS and PAN images, identical GCPs were used for 

rectification of both images. 

To facilitate merging (discussed in the following 

section) the MSS image needed to be resampled to a 10 x 10 

meter pixel size. This was accomplished during the final 
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stage of rectification. The resultant resampled image 

contains four pixels of similar brightness value in place of 

each original single pixel. Figures 4.1, 4.2, 4.3, depict 

the pre rectification and merged image of Hanaupah Canyon 

fan. 

Merging 

Merging of the MSS and the PAN images together to form 

a single four band image at 10 x 10 meter pixel size is a 

simple procedure. The original MSS image is copied into a 

new output file of similar size, but formatted for four 

output bands instead of the original of three bands. The 

input image SPOT MSS bands 1,2,3 are then copied into the 

output image bands 1,2,3. Next, the original PAN input 

image is copied into the output image, however PAN's single 

band is copied into output band 4. The result is a four 

band image with MSS data in the first three bands and PAN 

data in the fourth band. Any single band and/or any 

combination of the four bands can be displayed on the 

monitor, three bands at a time. Figure 4.3 shows the merged 

image with bands (3,4,1) displayed. This versatility 

enables the user to display, enhance and analyze the 

original imagery in sixty four different formats, or thirty 

seven more possible combinations than before merging. 
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Classification 

Multispectral classification is a statistical procedure 

where by pixels with a similar signature are grouped 

together. The information extraction techniques rely on 

analysis of the reflectance properties of an image and 

employ special algorithms designed to perform various type?; 

of spectral analysis (Townshend, 1981). The process of 

multispectral classification can be performed using either 

of two general methods, supervised or unsupervised. 

In a supervised classification, the identity and 

location of some of the landcover types, such as vegetation, 

soils, urban development, mineralization, or rock type, are 

known in advance through a combination of field work, 

analysis of aerial photography, maps, and personal 

experience (Heaslip, 1975) . Given the above information, 

the analyst attempts to locate specific "training" 

(Townshend, 1981) sites in the remotely sensed data which 

represent examples of known land cover types. Adopting 

recommendations outlines by Jenson (1986), the following 

procedure was followed in conducting a supervised 

classification of the Death Valley image. 

First, an appropriate classification scheme had to be 

defined. This was accomplished following the advice of 

several other researchers (Aulbach and Dorn) currently 

performing digital image classifications at Texas Tech 
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University, and the outlines provided by an ERDAS training 

course. Next, and perhaps the most important factor in 

supervised classification, is the selection of 

representative training sites. Four independent information 

sources were used: field observations and statistical 

analysis, examination of geologic maps prepared by Hooke 

(1972), recent geochemical analysis and mapping by Dorn 

(1987), and visual assessment of both aerial photography and 

the Death Valley image. Once the sites were selected, 

statistics were extracted from the training site spectral 

data. The statistics were then analyzed to select 

appropriate bands and evaluate the degree of separability. 

The ERDAS program provides excellent opportunity for the 

user to evaluate and accept or reject training sites on the 

basis of statistical reliability. After site selection, an 

appropriate classification algorithm was chosen. For a 

complete explanation of the theory the reader is referred to 

(Colwell, 1983; Townshend, 1981). Finally, the image is 

classified into a specified number of classes, and the 

results of the classification are evaluated for accuracy. 

This final step is discussed more thoroughly later in this 

section. 

In an unsupervised classification, the identities of 

land cover types, which are to be specified as classes 

within a scene, are either not known before classification, 
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or are not specified, perhaps because of lack of definition 

(Jenson, 1986). The computer is required to group or 

cluster pixel data into different spectral classes according 

to some statistically determined criteria. Once this if; 

accomplished, it is the responsibility of the analyst to 

label these clusters. Often if too many classes are used, 

some of the clusters may be meaningless because they 

represent mixed classes of surface material. The reverse is 

also true. If too few classes are used then classes that 

the user may wish to distinguish separately may be grouped 

together. It is vital that the analyst have a ground truth 

understanding of the terrain to be able to label clusters as 

representing information classes. 

Those readers who wish to learn more about the 

technical nature of supervised and unsupervised 

classification should read Drury (1987), Jenson (1986), 

Colwell (1983), or Townshend (1981). 

Multiple classifications were run on numerous possible 

combinations of unrectifled, rectified and merged imagery. 

Comparison of the results with field studies and the 

investigations of Hunt and Mabey (1966) and Hooke (1972) 

defined which classificcttions were of maximum value. 

Classification of the merged MSS and PAN imagery produced 

results which were consistently unreliable due to poor 

merging of imagery resulting from lack of precise GCP 
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control in the Hanaupah Canyon fan area. The merged image 

was therefor excluded from the remainder of this study 

because false signatures would be created by merging pixels 

that are geographically offset from one another. Future 

investigations should attempt to correct this problem for 

the benefits of a merged MSS and PAN image would be a 

resolution of 10 meters for multispectral imagery. 

In both the supervised and unsupervised clas

sifications, the maximum number of classes found to be 

useful for distinguishing morphologic units was twelve. As 

many as twenty one classifications were run but it was found 

that this many classes interfered with interpretation of 

data. At the other end of the scale less than five 

classifications tended to group ground units into too few 

categories. The decision as to what was not enough 

categories and what was to many was based on knowledge of 

previous geological studies and field transect data. 

Differences in classification results between unrectifled 

and rectified imagery were found to be negligible. In order 

to have the benefit of a planimetric grid system attached to 

the classification results, rectified images were utilized 

in subsequent image processing. 
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Geographic Information Systems 

Geographic information systems (GIS) are a convenient 

and organized means to maintain large volumes of spatial 

data derived from a variety of sources (Marble et al., 

1983). Through the use of GIS the user can efficiently 

store, retrieve, manipulate, analyze, and display data 

according to the nature of the study. Simonett et al . 

(1977) suggested that the real utility of remotely sensed 

data is intimately related to whether or not the data can be 

associated with other spatial information, usually stored in 

a GIS format. Numerous other authors (Dueker, 1987; Hansen, 

1985; Knapp and Rider, 1979; Calkins and Tomlinson, 1977) 

have also described the significant potential for 

integrating remotely sensed information into a GIS with 

other representative data. 

Only recently have authors like Drury (1987) and Goetz 

and Rowan (1981) recognized the important applications of 

GIS in geology. Through the use of GIS geologists can now 

easily store a variety of information including: contour; 

rock; soil; vegetation; hydrology; cultural; thermal; 

structural; geochemical; stream surveys; airborne surveys; 

gravity surveys; logging of a borehole; or down-hole seismic 

reflections. Any or all of this information might be useful 

depending on the application. The point is that by using 
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GIS the user is able to compare and contrast, combine or 

delete any combination of information at the press of a 

button. The blending of critical information either prior 

to a projects initiation or as it is acquired at various 

stages within the project, forms the basis for both planning 

and interrogating a GIS (Drury, 1987). 

The input or "raw" data in a GIS created for geologic 

purposes can be presented in five general forms. The first 

is a variable which can be attributed to a given point such 

as an elevation or borehole data. Second is a continuous 

line of information which, for example, would be generated 

in a seismic profile. Third is the designation of enclosed 

areas as homogeneous such as would be found on a lithologic 

or vegetation map. Fourth is the expression of linear 

categories like faults or roads, portrayed as lines. And 

finally the representation of remotely sensed data in a 

continuous or semi-continuous shade or color. 

This investigation makes extensive use of GIS to 

incorporate and utilize various different types of data. 

GIS maps were constructed to portray surface contours, 

several previous geological studies, drainage patterns, 

transect locations, and cultural features. Finally a 

composite GIS map was created to represent the best 

portrayal of this studies results, including morphology, 

structure, and elevation. 
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Digitizing 

Also included within the ERDAS system is the capability 

to digitize information either from the displayed screen 

image or from a digitizing table. Once digitized, or 

converted to digital format, this information can be 

displayed separately or in conjunction with image analysis, 

or it can be converted into a GIS file. Numerous kinds of 

data whether numeric, linear, polygonal, random or even 

three dimensional can be converted into a digital format, 

assigned to a planimetric coordinate system and utilized in 

a GIS. 

Digitizing information from a screen image is an 

uncomplicated procedure which involves recording data 

coordinates (rows and columns) through keyboard cursor 

movement, and storing that information for conversion to GIS 

format. Use of the digitizing table is equally simplistic. 

The user need only inform the computer of what geographic 

coordinate system is being used and give three reference 

points on the table to establish a grid system. Once done 

each reference point, vector or polygon is recorded 

according to the corresponding coordinate system location. 

As with screen digitizing this information is stored for use 

as is or for conversion to GIS format. 

Contour digitizing for this study was done from the 
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Hanaupah Canyon Quadrangle 7.5-minute series provisional 

topographic map. A GIS map created from this procedure 

without any other image information combined is used in 

conjunction with all other image and GIS maps presented in 

this paper which portray elevation contours. 

The previous works of Hunt and Mabey (1966), Hooke 

(1972), and Dorn (1988), are represented in GIS maps shown 

in figures 3.2, 3.4, 3.5. In each case it was determined 

that the most accurate recreation of the original works 

could best be generated by table digitizing of the Hanaupah 

Canyon orthophoto map. 

For screen imagery digitizing it is suggested that 

regardless of number of bands and or combinations thereof, 

the increased initial resolution of 10 x 10 meter pixel size 

found in SPOT PAN imagery offered the most accurate detail 

GIS construction potential. Experiments were performed 

using the MSS image as well as the merged four band MSS and 

PAN image. The results were unsatisfactory for the merger 

of MSS and PAN, due to the overlap of pixels from different 

geographic locations. 

Figure 2.1 represents the locations of all field 

transects. This information was converted to GIS map format 
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as accurately as possible given the error of precisely 

locating field positions. I feel that they are reliable to 

within forty meters or approximately two pixels of accuracy. 

The final and most complicated GIS map created for this 

study represents a combination of the best classification 

results, all structural interpretations made, drainage 

evaluation on the various unit surfaces, and contour 

information figure 5.1. This map is discussed in detail in 

chapter 5. 
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Figure 4.1 Hanaupah Canyon alluvial fan, 
image, displayed bands 3,2,1. 

multispectral 
Unrectifled. 
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Figure 4.2 Hanaupah Canyon alluvial fan, panchromatic 
image, single band. Unrectified. 
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Figure 4.3 Hanaupah Canyon alluvial fan, merged MSS and 
PAN images, displayed bands 3,4,1. Rectified 
to 10 meter pixel, UTM coordinate system. 



CHAPTER V 

INTERPRETATION 

Geomorphic 

Thorough analysis of previous works described in 

chapter three, and in particular those studies which 

utilized remote sensing, led this investigation to consider 

six factors for geomorphic image interpretation: desert 

varnish development; internal drainage development; 

topography; vegetation; weathering; and grain size. 

All of these factors were considered for the 

comprehensive evaluation of Hanaupah Canyon fan to determine 

if spectral signatures were sufficient to accurately map the 

multiple fan units. By utilizing the results of other 

investigations (Denny, 1965; Hunt and Mabey, 1966; Hooke, 

1972; and Dorn, 1988) it was possible to narrow and expedite 

much of the investigative procedures. However, occasional 

assumptions and conclusions arrived at by previous 

investigators were either modified or contradicted. 

A major factor that influenced image classification, 

mapping, and interpretation, was the variation of desert 

varnish development on exposed rock surfaces of the fan. As 

a rule the visual appearance of varnish development cannot 

be linked directly with age of exposure to the elements 

because the color of the varnish has a complex relationship 
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with age. In initial stages of development, as the varnish 

starts to first cover exposed rocks, the darker the varnish, 

the older the exposure. This progressive relationship stops 

when exposed clasts are primarily covered. Once this stage 

has been reached then, the concentration of manganese at the 

surface of the varnish takes control of color darkness. 

Higher concentrations of manganese result in darker varnish. 

However, it is possible that older exposed rocks will be 

lighter in appearance than potentially nearby younger ones. 

Later, as fan morphology advances, gullies will slowly 

incise the surface, destroying pavement and reducing 

varnish. This incision results in a lighter tone, higher 

reflectance signature. Based primarily on reflectance 

values distinguished by classification, six separate classes 

were defined on the fan surface (fig. 5.1). Those classes 

correspond closely to the work of both Hooke (1972); and 

Dorn (1988) . 

It should be noted that this investigator could not 

distinguish all of the age breaks presented by Dorn (1988). 

Nevertheless six positive classes were identified and 

correlated to the fan units, significantly improving the 

accuracy and detail of mapping presented by oLher studies. 

For example. Daily (1979) said that it was impossible to 



51 

distinguish between Q^ and Q^ gravels on Hanaupah Canyon fan 

using Landsat MSS imagery, but SPOT MSS imagery allows such 

distinction. 

Class number one, represented as green, clearly defines 

the extent of the oldest fan unit which is defined as unit 

(Q.). Because this area is heavily dissected by internal 

drainage and contains remnant patches of desert pavement, it 

is not surprising that some traces of other classes were 

portrayed within its boundaries. Despite these inclusions 

the extent of this unit is readily apparent. Some traces of 

green are also found at the extreme head of the fan. Hooke 

(1972) speculated that there was a patch of older fan 

surface to the north of the main channel. Ground truthing 

of this area led to the conclusion that this area in not 

older fan unit, or Q surface, but instead is talus from 

adjacent bedrock outcrop. The bedrock formation that 

adjoins the fan at this location is a light toned quartzite, 

roughly similar in reflectance signature to areas of well 

developed and exposed caliche, as are seen on the Q^ 

surface. 

The next oldest fan unit (Q ) could not be classified 

into one single class due to the extremely unhomogeneous 

nature of its surface and the clustering of classes. Traces 

of each class are represented from the light toned caliche 
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and active channel, through the darkest tones of well 

developed desert varnish. The primary composition consists 

of darker varnish signature and transitional lighter 

signature that are found more homogeneously to the north and 

east. This pattern is easily understood and interpreted 

when integrated with field observations. The Q surface is 

well channeled by internal drainage systems that result in 

lighter reflectance values where the desert pavement has 

been destroyed. Additionally, there are isolated but intact 

patches of pavement and varnish that retain their dark 

reflectance properties. Occasional outcrops of caliche that 

have weathered along the channels explain the isolated green 

linear traces. As a whole, this unit is the most difficult 

to distinguish and isolate through methods used in this 

investigation. Without the benefit of previous works or 

field observations, accurately classifying this area using 

SPOT data would be impossible. 

The areas of well developed desert pavement, mainly on 

the north lobe of the fan, are assigned the class number 

three (Q^) and represented by the color light green. 

Because of the distinct nature of this area, and its well 

developed varnish and pavement surface, there was little 

difficulty is defining it as a homogeneous unit. Extensive 

channeling of both active and inactive drainage can be 

traced through its surface. The several orange and rose 
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colored meanders represent the locations of active and 

inactive internal drainage discharge channels. More 

abundant gray green and light blue traces represent internal 

drainage areas which have not seen active run off in at 

least one hundred years, or the approximate time it takes to 

initiate varnish development. A surface with the 

reflectance of Q can also be seen in isolated patches in 

the central part of the fan toe. These surfaces represent 

part of what was once a single connected unit, but have been 

separated from the main body due to the action of Holocene 

flooding, channeling, and debris deposition. 

The classification of two units represented by gray 

greens and light blues substantially improves the unit 

classifications Hooke (1972) presented and they correlate 

with the Q b transitional unit proposed by Dorn (1988). The 

gray green color represents a unit slightly younger than the 

Q surface on the basis of varnish development (Dorn, 1988), 

and thus correlates well with Dorn's Q^b^ unit. The light 

gray class correlates to the even younger Q3b2 unit also 

described by Dorn (1988). These Holocene units have a 

similar appearance to part of the Q^ unit but the large 

amounts of light gray found in the previously described Q^ 

unit should not be mistaken for Holocene. This mis-

classification is the result of anomalous reflectance values 
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found in the Q unit that could be from a mixture of dark 

pavement and broken calcrete rubble that gives the 

appearance of a developing Holocene desert pavement. 

Certainly multiple narrow detection bands in the SPOT 

MSS imagery would have been useful, but in the central fan 

wedge, and also in the older channels found throughout the 

fan, the classification appears to be consistent with field 

observations and results of previous workers. 

The unit represented by the rose color is inactive 

channel facies. Hunt (1966) did not try to delineate this 

unit. Both Hook (1972) and Dorn (1988) did define an 

inactive channel surface, which correlates extremely well to 

the results of this study. The inactive channel surface is 

generally slightly elevated above the active one, and has 

early stage development of desert varnish on its exposed 

surface. The classification results for this unit are much 

more detailed than any other studies examined by this 

author. 

The final class of orange represents active channel 

facies. Again the detail of classification is greatly 

improved for this unit because the very subtle difference 

between active and inactive channel surface can noL readiiy 

be seen in aerial photos and mapping by ground surveys is 

beyond the scope of most projects. Occasional small patches 

of this class are found throughout the fan surface. These 
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are not misclassifications, but rather areas where drainage 

systems developed on the different fan units have 

experienced recent disturbances. 

Evaluation of the Hanaupah Canyon fan image is based on 

several other factors besides just varnish development. 

Drainage development in both the main channel as well 

internal drainage on individual fan surfaces plays an 

important roll. As the abandoned aggradational units get 

progressively older, they undergo changes that ultimately 

effect drainage. In arid locations, after an extended time 

and exposure to weathering, a gravel surface transforms into 

a pavement surface. This takes about 10,000 - 14,000 years 

in Death Valley (Dorn, 1988). As pavement forms, internal 

drainage begins to develop into the pavement. An 

understanding of this procedure and careful examination of 

the image is vital to discrimination between units which may 

appear similar but are in fact of different age. The 

drainage patterns and relative development on Hanaupah 

Canyon fan are easily seen and studied with the aid of 

computer enhancement. Lack of substantial vegetation on the 

pavements also makes this procedure easier, because the 

enhanced vegetation in the washes affects the multispectral 

signature. 

What vegetation does exist is almost entirely 

concentrated in the drainage channels. On the oldest fan 
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surfaces like Q^ and Q^ this rule is not strictly so, but 

field observations there found that the percentage of 

vegetation outside drainage channels was negligible in terms 

of spectral signature. This was confirmed by isolating MSS 

band three and image enhancement, which clearly showed 

brightness value variation in channel locations which 

coincide to field observations. On all fan surfaces the 

concentration of vegetation in more recent and abandoned 

channels led to a darker signature and assignment of a class 

different than the adjacent pavement. By displaying the MSS 

image at variable bands and contrast stretching that band 

that best defined vegetation, it was found that the drainage 

channels frequently contained vegetation not visible on an 

unenhanced display. This factor is confirmed by field 

observations. The gray green and light blue signatures 

found throughout the image in drainage channels are probably 

affected by this concentration. Many of those channels may 

in fact be active, but appear darker to the computer due to 

vegetation and thus are classified as inactive or 

transitional. 

Weathering and grain size are closely related on all 

fan surfaces. Where the unit is young or freshly exposed 

the pebbles and boulders are generally unweathered and 

larger than those exposed on older surfaces. Drainage 

development can be accelerated by tectonic activity as is 
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the case on Hanaupah Canyon fan (Hunt, 1966) where faulting 

and block titling in the Panamints has increased the slope 

of the different fan units progressively over time (Hooke, 

1972) . 

Field observations determined that there was little 

variation in cobble size over the three fan units 0 , 0 , 
^1 ^2 

and Qg. Average sample size for those units was 10.75 cm, 

sampled along the intermediate axis, thus it was concluded 

that gravel and cobble size could not be used to help in 

classification confirmation for those units. Large boulders 

(.10 - >10.0 meters in circumference) primarily of igneous 

origin were found stranded on the older well weathered 

surfaces. The boulders were somewhat {^5%) more abundant on 

the younger Q surface than the older Q and Q . From a 

classification perspective these anomalous occurrences of 

boulders do not warrant consideration except where they have 

been weathered completely until only a patch of lighter 

toned unvarnished gravel remains. At the resolution of the 

studied SPOT image, boulders of this size and occurrence can 

not be resolved. There is a noticeable increase in sample 

size between the Q^ surface and the younger active and 

inactive channel deposits. In the former no break down of 

the cobbles and boulders has yet begun. The inactive 

surfaces show initial stages of erosion that reduce the 
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average sample size slightly. The differences, however, are 

not significant and could not be detected with the studied 

imagery. Only by separation of desert varnish development 

is it possible to define these two surfaces. Daily (1979) 

was able to successfully distinguish various rock units in 

Death Valley on the basis of their textural differences by 

using composited Radar and Landsat imagery. It would be a 

useful next step to conduct such an investigation for high 

resolution radar on Hanaupah Canyon fan. 

Geologic 

From a lithologic perspective limited interpretation is 

possible as a result of the image classification. Unlike 

Gillespie (1984), this study did not consider the 

composition of the source rock found above Hanaupah Canyon 

fan, therefor no correlations can be drawn between 

reflectance values on source bedrock and those found on 

modern fan surfaces. Transect evaluation revealed that 

there is only a (̂ 15%) variation in lithologic composition 

over the entire fan surface. 

It is probable that the underlying unweathered 

composition of the various units is not uniform, however, 

the surface composition of the selected transects does nor 

reflect that. Perhaps subaerial weathering changes the 

lithologic compositions to material more stable in the local 
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environment, thus less resistant rock types if ever 

originally present, have been reduced to sand on exposed fan 

surfaces. Only resistant igneous and metamorphic rocks now 

pave the surface (appendix B). 

The evidence for ongoing tectonic activity in the 

Panamint Range is persuasive. Hunt and Mabey (1966) 

proposed that the Panamints had undergone a 20 to 30 

eastward tilting since Miocene time. 

Evidence for continued tectonic activity during late-

Quaternary times can be seen on Hanaupah Canyon alluvial fan 

(Hooke, 1972). The first is the downcutting and truncation 

of older, yet stratigraphically higher fan units. The Q 

surface, accepted as the oldest unit on Hanaupah Canyon fan, 

is only found exposed at the head of the fan and 

considerably above younger Q- and Q units. This 

progression of older to younger units is consistent from 

head to toe with only a very few anomalous areas. Although 

the recent channel incision may have a climatic cause, 

deposition of the semiarid Q^a, Q2a, and Q^a phases at 

progressively lower elevations indicate a base level drop 

(Dorn, 1988) . 

The five fault traces defined in this study (fig 5.1) 

are also evidence for Recent tectonic activities on the 

Hanaupah Canyon fan. If the facies dates presented by Dorn 

(1988) are used for approximate fault age minimums then all 
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of the mapped fault occurrences on Hanaupah Canyon fan are 

less than 1 my. Four distinct fault traces were found 

cutting the Q^ and Q^ surfaces. At least two of the four, 

the westernmost and the easternmost, are also evident on the 

Qg surface north across the main channel. This implies that 

they are between 170,000 and 50,000 years old. 

The youngest and most pronounced fault scarp on the fan 

cuts the Qg surface at the north east extent of that lobe. 

This is a distinctive morphologic break that can be seen on 

the SPOT image without enhancement. The extent of this 

fault to the south beyond the current main channel wash was 

questioned by previous authors (Hooke, 1972), however, from 

Dante's View, at an elevation of 2,000 meters across the 

valley to the east, it is possible to trace the southward 

progression of this fault at least into the mid-channel Q b 

surfaces. Hooke (1972) mapped features at the eastern 

extent of the Q surface as strandlines from ancient Lake 

Manly, but it is the opinion of this author that those 

features are the southern most traces of the Q fault 

described above. No enhancement technique conducted was 

capable of confirming or denying this conclusion. 

Regardless of the dispute, the age of this fault is less 

than about 14,000 years based on radiocarbon ages (Dorn, 

1988). 
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Interpretatior^^^lHanaupah Canyon Fan< 
Supervised Classification 
by: P. B. Goodwin, 1988 

Og) . 0»3» 

Fig. 5.1 Geologic interpretation of Hanaupah Canyon 
alluvial fan by P. B. Goodwin, 1988. Constructed 
using digital image processing of SPOT satellite 
imagery. 



CHAPTER VI 

CONCLUSIONS 

SPOT multispectral and panchromatic imagery can be used 

to define and map Quaternary surficial geologic units in 

Death Valley, California based on desert varnish, desert 

pavement, and drainage development. MSS imagery proved the 

more useful for this purpose due to the narrower band 

ranges, but wider overall coverage of reflectance values. 

This allowed subtle differences in varnish development 

throughout the fan that are not visible without computer 

enhancement, to be recorded and utilized for classification 

purposes. The results are a GIS map which portrays the 

geomorphic units on Hanaupah Canyon fan in greater detail 

than the best available human analysis of aerial photos. 

Additionally several fault traces were identified which had 

not been mapped on Hanaupah Canyon fan. The extent of the 

faults is approximated and ages are constrained by 

radiocarbon and cation ratio dates (Dorn, 1988). It is not 

possible to more than speculate on lithologic composition of 

fan units using this type of imagery without a thorough 

source rock analysis. No study of that kind was conducted 

for this investigation. Incorporation of high altitude 
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lazar and radar imagery might improve the accuracy of this 

studies results and permit conclusions as to lithologic 

composition and texture analysis. 

The selection of whether to use supervised or 

unsupervised classification methods depends on the amount of 

information that the interpreter has available prior to 

classification. If an area is unfamiliar, and little or no 

ground or ancillary data are available, then the 

unsupervised classification may prove useful for 

distinguishing what multiple "classes" are present. 

Supervised classification appears more valuable because the 

classes which an investigator may want to discriminate are 

decided and defined in accordance with the objective of the 

study. While this admittedly is forcing the data to conform 

to the investigators constraints, without such constraints 

unsupervised classifications often result in classes of no 

interest to the investigator. It was found that by 

performing a series of both supervised and unsupervised 

classifications, it was possible to utilize the unsupervised 

results in combination with field data, to further constrain 

the supervised classification and thus better classify the 

entire fan surface. Without thorough field inspection it 

would not have been possible to perform this step 

accurately. Thus, detailed accumulation of various kinds of 
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data, both field and laboratory, that is available to the 

investigator prior to computer enhancement is critical to 

useful conclusions. 

Geographic information systems interfaced with remote 

sensing systems are providing capabilities never before 

available to the geologists without vast mainframe computer 

data bases. By incorporating GIS information such as 

vegetation or soils, the remote sensing analyst can improve 

classification accuracy significantly. As information and 

time pass a GIS can be easily updated and almost immediately 

the revised information can be incorporated into the 

geologic investigation. While only field auxiliary data was 

incorporated into this study for classification and GIS 

construction, all comparisons of previous work performed on 

Hanaupah Canyon fan were translated to GIS format. 

A major benefit of a study such as this is the ability 

to thoroughly map an area, with minimal generalizations 

normally required to save time and expense, when 

interpreting aerial photographs manually. Without the use 

of computers to analyze a picture or image in exhausting 

detail, it is understandable that often isolated occurrences 

would be mislabeled. 

As Drury (1987) writes, "all of this may seem to 

suggest that the geologist is becoming a redundant part of 
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the analysis, except as a computer supervisor." This is 

definitely not the case. Very few places on the earth are 

completely devoid of vegetation or are not overlain by soils 

or debris which inhibit geologic analysis. This leaves only 

the option of interpreting enhanced images visually on the 

traditional basis of color, texture, pattern and context. 

Even in Death Valley, an ideal remote sensing location, the 

weathering, drainage, and varnish development all contribute 

to spectral pattern recognition. 
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APPENDIX A 

LISTING OF THE STATISTICS USED FOR IMAGE 

RECTIFICATION OF SPOT DEATH VALLEY 

IMAGE (HANAUPAH CANYON AREA ONLY) 
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Listing of the statistics used for image rectification of 
SPOT Death Valley image (Hanaupah Canyon area only). 
Coe-f-f icient Filename : 

RECMSS 

Here are the paints you are using: 

Point 
Count 
^JS^SSZS 

1 
2 
3 
4 
5 
6 
7 

Po int 
Number 
^^S: ==== 

1 
2 
3 
4 
5 
6 
7 

X 
^ ^ ^ 3 S ^ S 

509692. 
509708. 
509921. 
507655. 
504668. 
504249. 
507980. 

z^ss-^ss 

0940 
,3750 
,7810 
,7190 
, 4370 
7500 
, 2500 

Y 
===== 

4009630. 
4008112. 
4005845. 
4005235, 
4007574. 
4006854. 
4009205. 

==== 

, 2500 
,5000 
, 2500 
,7500 
,5000 
0000 
,0000 

Image Pi : 
X 

= ===== ===== = =: 

843. 
860. 
895. 
794. 
630. 
618. 
764. 

:;els 
Y 

====== 

781 
856 
963 
1018 
935 
976 
823 

Here is the matrix you are using: 

Al= 0.2009694E+06 
Bl= 0.2128978E+05 

A2=-0.1078223E-01 
B2= 0.4685749E-01 

A3=-0.4855599E-01 
B3=-0.1105608E-01 

These are the computed results o-f the matrix above: 

1 

3 
4 
5 
6 
7 

RMS 

1 

3 
4 
5 
6 
7 

error= 

841.88 
859.42 
894.49 
795.05 
629.21 
617.56 
766.37 

1.15684 

-0.1121E+01 
-0.5774E+00 
-0.5108E+00 
0.1046E+01 

-0.7880E+00 
-0.4408E-t-00 
0.2368E+01 

Y RMS error= 

782.22 0.1216E+01 
855.74 -0.2634E-»-00 
963.52 0.5242E+00 
1017.55 -0.4477E+00 
936.20 0.1201E+O1 
975.70 -0.2995E+00 
821.32 -0.1678E+01 

0.95411 

Total RMS error= 1.49953 

Point Count Point Number 

1 
2 
3 
4 
5 
6 
7 

1 
2 
3 
4 
5 
6 
7 

Error 

1.6538 
0.6346 
0.7319 
1.1377 
1.4368 
0.5329 
2.9024 

Error Contribution by Point 

1.1029 
0.4232 
0.4881 
0.7587 
0.9582 
0.3554 
1.9355 

Number o-f Control Points 6 
Maximum acceptable RMS error specified by user 1.250U0 

Here are the points that were NOT used 

Point Point 
Count Number X 

Image Pixels 
X Y 

507980.2500 4009205.0000 764. 82: 
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RECPAN 
Here are the points you are using: 

Here is the matrix you are usint 
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Point 
Count 
^^^^^ 

1 

2 
3 
4 
5 
6 
7 

Point 
Number 
S£SS5S^S^^£ 

1 
2 
^ 
o 4 
5 
6 
7 

X 
========== 

509691.6250 
509702.6560 
509917.2810 
507645.4370 
504662.9690 
504244.6870 
507980.0310 

Y 

4009635.5000 
4008111.5000 
4005850.7500 
4005233.7500 
4007577.0000 
4006856.5000 
4009203.2500 

Image 
X 

2075. 
2109. 
2179. 
1979. 
1651. 
1627. 
1917. 

Pixels 
Y 

1461 
1611 
1823 
1937 
1773 
1855 
1549 

Al= O.400282lE+06 
Bl= 0.44a0795E+05 

A2=-0.2246a40E-01 A3=-0.9660884E-01 
B2= 0.9335587E-01 B3=-0.2252532E-01 

These are the computed results of the matrix above: 

1 
2 
«d 

4 
5 

1 
2 
6 
4 
5 

2075.12 
2108.89 
1627.24 
1979.01 
1650.74 

0.1226E+00 
-0.1079E+00 
O.2384E+00 
0.9a29E-02 

-0.2620E+00 

1461.31 0.3114E+00 
1610.26 -0.7437E+00 
1853.82 -O.1185E+01 
1937.46 O.4634E+00 
1774.03 0.1033E+01 

X RMS error= O.17452 Y RMS error= 0.81676 

Total RMS error= 0.83520 

Point Count Point Number Error Error Contribution by Point 

1 
2 
3 
4 
5 

Here are 

Point 
Count 
s:s^^^ 

1 
2 
3 
4 
5 

1 
2 
6 
4 
5 

the po 

Point 
Number 
^^^ss^ss 

1 
2 
6 
4 
5 

e points that were used: 

0 . 3 3 4 7 
0 . 7 5 1 4 
1 .2084 
0 . 4 6 3 5 
l .Qii5S 

509691.6250 
509702.6560 
504244.6870 
507645.4370 
504662.9690 

4009635.5000 
4008111.5000 
4006856.5000 
4005233.7500 
4007577.0000 

Number of Control Points 5 
Ma:<imum acceptable RMS error specified by user 

0.4007 
0.8997 
1.4469 
0.5549 
1.2762 

Image 
X 

^ S S ^ ^ S S ^ ^ ^ ^ ^ S S 

2075. 
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1627. 
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1651. 

1.25000 

Pi 
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xels 
Y 

====== 
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1611 
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1773 

Here are the points that were NOT used 

Point 
Coun t 
3 S S = = 
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Number 
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^ ^ ^ S S S S S 
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0310 
2810 
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^ ^ ^ S S 
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:^^s 
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X 

S t = ^ ^ ^ = = ^ ^ ^Z 
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=r;^ 
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APPENDIX B 

FIELD TRANSECT DATA COLLECTED ON 

HANAUPAH CANYON ALLUVIAL FAN 

DEATH VALLEY, CALIFORNIA 

74 



75 

Field transect data collected on Hanaupah Canyon alluvial 
fan Death Valley, California. 
TRANSECT t 1 

See iMge overlay for exact location. 
Bearing N IS M, transect run fron south to north. 
Fan surface 3a (Dorn, 1988) radio carbon dated • 50,000 • 14,000 b.p. 

Data collected: 
IS October. 1987 

Varnish scale: 

none : Q% 
partial * 1 - )S\ 
coeplete ' 2i - TSI 
advanced > 76 - I00\ 

Location Vcget'n 
In Mters \ cover 

Lithology Meathering 
observed: \ Varnishing 

Average \ Igneous X Calcrete dvlp. Topography: 
Vegetation Particle \ KetaMorphic Mathering of clasts Generalized 
type site (ca) \ Sedlnentary (scale 1-6) slope N - S est. 

listed in listed In channel depth est. 
this order this order 

:::=sssss=:::3:33ss:=s:s3:::s3SSssss:ss:3:s:zrs:ss:ss=:s=z:=::s:::s=srs=:::s3rssx3S3s 

Weathering clasts scale: 

partial > I 
complete : 6 

Carbonate scale: 

none = iX 
partial * I - ]5\ 
co«p1ete : 26 • IIX 
advanced * 76 - lOOt 

Convents: 

::s:zrs3::333S3«ss:==3 

0.00 

7.62 

15.21 

22.86 

30.48 

38.10 

45.72 

53.14 

60.96 

sparse: 
1\ creosote bush 

dry eriogonua 
drfed grasses 
S M I I cactus 

t\ save 

it saae 

\\ sa*t 

W saM 

It saM 

l\ saM 

]X same 

]X sane 

10 

10 

8 

10 

14 
(boulders) 
present 

8 
(boulders) 
present 

20 

10 

19 

m 
trace 

20\ 
m 

trace 

20t 
m 

QX 

lot 
90t 
Ot 

20t 
80t 

trace 

20t 
80t 

tot 
sot 
tot 

tst 
90t 
St 

sot 
sot 

t.-«ce 

complete 
none 
6 

advanced 
none 
6 

advanced 
none 
6 

advanced 
none 
6 

partial 
none 
5 

partial 
none 

s 

advanced 
none 
6 

advanced 
none 
6 

partial 
none 
s 

fan road 
1-3t fan surface 
none 

sloping Into channel 
S-tSt slope 
Sd 

channel base 
St slope 
5a 

exiting channel 
5-15t slope 
none 

flat fan paveaent 

0-3t 
none 

flat fan paveacnt 
0-3t 
none 

flat fan paveaent 
0-3t 
none 

flat fan paveaent 

0-3t 
none 

sharp Incised gully 

20-30t 
7a 

started 10' N. car bearing 
NISN froa fan road 

Kcaslonal boulders <1a 
granitic 

saae as above 

Isolated Mathered patches 
of light granitic - gruss 
•/little varnish 
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S3 58 St creo<;ote bush 

75.20 

83.82 

91.44 

93 06 

106.58 

t14.30 

'21 .92 

129.54 

137.16 

M4 .78 

152.40 

St creosote bush 

sparse 
It Ci-ecsote bush 

dry eriogonuBi 
dried grasses 
smalt cactus 

Ot none 

15 

Ot none 

Ot none 

3 
(boulders) 
present 

3 
(boulders) 
present 

St croQsote bush 10 

Ot none 

Ot none 

25 
(boulders) 
present 

6 
(boulders) 
present 

Ot none 

Ot none 

Ot none 

70t 
30t 
Ot 

sot 
sot 

trace 

St 
80t 
15t 

30t 
70t 
Ot 

tot 
90t 
Ot 

lot 
90t 
Ot 

tot 

90t 
Ot 

30t 
70t 

trace 

lot 
80t 
tot 

20t 
70t 
tot 

sot 
sot 

trace 

sot 
sot 

trace 

partial 
none 
4 

partial 
none 
3 

partial 
none 
3 

advanced 
none 
6 

advanced 
none 
6 

advanced 
none 
6 

partial 
none 
4 

partial 
none 
4 

advanced 
none 
6 

advanced 
none 
5 

partial 
none 
5 

particl 
none 
S 

gully side 
5-1St 

gully base 
S-ISt 
7ni 

steep out of gulty 
20-30t 
none 

flat fan pavement 
0-3t 
none 

flat fan pavement 
0-3t 
none 

flat fan paveaent 
0-3t 
none 

shallow gully 
3-10t 
.5m 

shallow gully 
3-tot 
none 

flat fan pavement 

0-n 
none 

flat fan pavement 

0-3t 
none 

gentle slope down 
3-5t 
none 

edge najor channel 
10-30t 
tOm 

channel related vegitation 
concentration 

channel related vegitation 
concentrated 

occasional boulders <tm 
very steep gully cliff 

'2t 20cm boulders present 
calcareous 

'It 20-30cm boulders present 
calcareous 

channel related vegitation 
concentration 

1.5m boulder on transect 
"3t 20-30cm boulders 
primarily granitic 

occasional 20-30cm boulders 
metamorphic 

same as above 

extensive light patches of 
weathered gran it boulders 
in 'lOm irregular spots 

same as above 
decreased varnish signature 
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TRANSECT 8 2 

See laage overlay for exact location. 
Bearing N 15 H, transect run froa north to south. 
Fan surface 3a (upper) (Dorn, 1988) radio carbon dated 

Data collected: 
16 October. 1987 

This transect was coapleted In segaents (2a - 2e) 

50,000 - 14,000 b.p. 

Varnish scale: 

none - Ot 
partial = t -
coaplete - 26 
advanced = 76 

I5t 
- 75t 
- toot 

Weathering clasts sc 

partial = t 
coaplete • 6 

Carbonate scale: 

none * Ot 
partial = 1 - t5t 
coaplete = 26 - 75t 
advanced - 76 - tOOt 

Segment 2a: 

Location Veget'n 
In aaters t cover 

Lithology Meathering 
observed: t Varnishing 

Average t Igneous t Calcrete dvlp. Topography: 
Vegetation Particle t Metaaorphic weathering of clasts Generalized 
type size (ca) t Sedlaentary (scale t-6) slope N - S est. 

listed In listed In channel depth est. 
this order this order 

Coaaents: 

0.00 

7,62 

15.24 

22.88 

30.48 

38.10 

45.72 

53.34 

sparse: 
It creosote bush 

dry erlogonua 
dried grasses 
saall cactus 

3t saae 

35t creosote bush 
dried erlogonua 

5t saae 

25 

tt saae 

3t saae to 

Ot none to 

It creosote bush 25 

2St 
75t 
Ot 

2St 
75t 
Ot 

30t 
70t 
Ot 

tot 
90t 
Ot 

tot 
90t 
Ot 

tot 
90t 
Ot 

tot 
90t 
Ot 

5t 
95t 
Ot 

coaplete 
none 
4 

partial 
none 
5 

advanced 
none 
6 

coaplete 
none 
6 

coaplete 
none 
6 

coaplete 
none 
6 

advanced 
none 
6 

advanced 
none 
6 

flat fan paveaent 
0-3t 
none 

sloping into channel 
5-15t 
ta 

gully base 
5-t5t 
3a 

slope out of gully 
5-l5t 
ta 

flat fan paveaent 

0-3t 
none 

flat fan paveaent 

0-3t 
none 

flat fan paveaent 

0-3t 
none 

edge of main channel 

5-15t 
ta 

extensive light patches of 
weathered gran it boulders 
in '4a irregular spots 

saae as above 

transect ended on the clif 
edge of the main fan chann 
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Section 2b: 

location is 100' west of section 2a (up fan) measured south to north. 

0.00 

7.52 

15.24 

2r.8'! 

10.18 

33.10 

15.T2 

53.31 

sparse: 
It creosote bush 

dried eriogonum 
dried grasses 

Ot none 

sparse: 
It creosote bush 

dried eriogonum 
dr̂ e'.l grasses 

It same 

It same 

It same 

abundant: 
tst creosote bush 

sparse: 
It creosote bush 

dried eriogonum 
dried grasses 

15 

15 

10 

35 

55 

lot 
90t 
Ot 

tot 
90t 
Ot 

lOt 
Ot 
Ot 

tot 
90t 
Ot 

St 
95t 
Ot 

25t 
75t 
Ot 

sot 
sot 

trace 

30t 
70t 
ot 

partial 
none 
6 

complete 
none 
5 

complete 
none 
6 

complete 
none 
6 

partial 
none 
5 

partial 
none 
6 

icne 
none 
2 

partial 
none 
3 

erroded channel edge edge of steep c1iff/main 
3-5t channel 
none 

flat fan pavement 
0-3t 
none 

flat fan pavement 

0-3t 
none 

flat fan pavement 
0-3t 
none 

channel edge 
3-5t 
none 

channel bottom 

3-5t 
2.5m 

channel bottom 

3-5t 
2.5m 

well formed desert pavement 

lighter colored exposure 
with less varnish and less 
weathering 

same 

large poorly weathered 
boulders (igneous) present 

sloping fan pavement possible contamination from 
3-5^ debris on N. side of fan 
<ln, originating at bedrock 

outcrops. >1m boulders 
present 



Section 2c 

location i? 100" west of 2b (up fan) measured north to south. 
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0.00 

s? 

15.24 

22.?6 

30.48 

33.10 

sparse: 
3t creosote bush 

dried eriogonum 
dried grasses 

3t 

3t 

It 

Ot 

Ot 

same 

same 

same 

none 

none 

15 
m 

S 
(boulders) 
present 

3 

6 

5 

10 

30t 
70t 
Ot 

sot 
sot 

trace 

lot 
90t 
Ot 

lot 
90t 
Ot 

lot 
90t 
Ot 

lot 
90t 
ot 

none 
none 
1 

partial 
none 
4 

complete 
none 
6 

complete 
none 
6 

complete 
none 
6 

complete 
none 
6 

channel base 

3-5t 
Tm 

gully slope 
3-5t 
<1m 

weatherd fan pavement 

1-3t 
none 

flat fan pavement 

<1t 
none 

*lat fan pavement 

<lt 
none 

cliff edge 
l-3t 
none 

'I.Sm froa road in channel 

large numbers of >1m 
boulders present, Ign. and 
Metamorphic, heavily 
weathered 

location of S. Stedelman 
soils pit Number (?) 



Section 2d 

location is 100' east of Za (down fan) measured north to south. 

80 

0.00 

7.62 

15.24 

22.86 

30.18 

38.10 

15.72 

sparse: 
It creosote bush 

dried eriogonum 
dried grasses 

IS 

It same 

3t same 

7t same 

It same 

16 
(boulders) 
present 

30 

Ot no'-'e 

spar«e: 
It cpri'^ote bush 

dried eriogonum 
dn'ed grasses 

SO 

70t 
30t 
Ot 

70t 
30t 
Ot 

20t 
80t 
Ot 

20t 
30t 
Ot 

5t 
95t 
Ot 

St 
95t 
Ot 

15t 
85t 
Ot 

complete 
none 
6 

complete 
none 
6 

partial 
none 
3 

partial 
none 
3 

complete 
none 
5 

complete 
rone 
6 

partial 
none 
4 

flat fan pavement 

<1t 
none 

flat fan pavement 

<1t 
none 

channel base 
3-5t 
I.Sm 

channel base 
3-5t 
t.Sffl 

sloping into gully 
1-5t 

>.5m boulders present 

heavily vegitated gully 
base, more large >1m 
boulders, mostly Ign. 

same as above 

well developed pavement 

dm 

flat fan pavement 

1-2t 
none 

c l i f f edge v«?athering ?dge of z'^^f hr na^n 
i -2 t channel 

none 
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SectioT 2e 

ioca''ion is '00' east of 2d (down fan) measured south to north. 

0.00 

7.62 

15.24 

30.18 

38.10 

15.T2 

53.34 

60.69 

sparse: 
it creosote bush 

dried eriogonum 
dried grasses 

Ot none 

sparse: 
2t creosote bush 

dried eriogonum 
dried grasses 

22.86 tst creosote bush 

sparse: 
3t creosote bush 

dried eriogonum 
dried grasses 

It same 

3t same 

3t same 

20 

12 

40 

28 

40 

3t same 

9 
(boulders) 
present 

12 

lot 
90t 
Ot 

lot 
90t 
Ot 

sot 
sot 
Ot 

30t 
70t 
Ot 

20t 
80t 
Ot 

tot 
90t 
Ot 

30t 
70t 
Ot 

30t 
70t 
Ot 

sot 
sot 
Ot 

partial 
none 
6 

complete 
none 
6 

partial 
none 
4 

partial 
none 
4 

partial 
none 
4 

complete 
none 
5 

partial 
none 
6 

partial 
none 
5 

none 
none 
3 

sloping '̂nto channel § cliff face of primary 
1-2t channel 
none 

flat fan pavement 
t-2t 
none 

sloping into gully 

2-5t 
none 

gully base 
2-5t 
1.75m 

well developed pavement 

weathered to tan (light) 

sloping out of gully well developed pavement 

2-5t 
none 

>1m boulders present flat 
1-?t 
none 

flat 
1-2t 
none 

flat 

i-:t 
none 

ruff 
1-2t 
.2Sm 

fan 

fan 

fan 

sma 

pavement 

pavement 

pavement 

n channels 

light signature from 
gruss, weathered granit 

'Im boulders present 

edge of road cut, possibly 
disturbed pavement 
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Varnish scale: TRANSECT 8 3 

See image overlay for exact location. 

Bearing N 15 W, transect run from north to south. none = Ot 

Fan surface 2b (lower) (Oorn, 1988) radio carbon dated 9 130,000 - 105,000 b.p.partial = 1 -

complete = 26 
advanced = 76 

Data collected: 
17 October, 1987 

ISt 
• 75t 

• toot 

Location Veget'n 
in meters t cover 

Lithology Weathering 
observed: t Varnishing 

Average t Igneous t Calcrete dvlp. Topography: 
Vegetation Particle t Metamorphic weathering of clasts Generalized 
type size (cm) t Sedimentary (scale 1-6) slope N - S est. 

listed in listed in channel depth est. 
this order this order 

Weathering clasts scale: 

partial 
complete 

Carbonate scale: 

none 
partial 
complete 
advanced 

= Ot 
= 1 • 

= 26 
= 76 

Comments: 

1st 
- 75t 
- loot 

0.00 

7.62 

15.24 

22.86 

30.19 

33.10 

45.72 

53.34 

occasional: 
It creosote bush 

dry eriogonum 
dried grasses 
small cactus 

Ot none 

Ot none 

Ot none 

Ot none 

Ot none 

Ot none 

3t creosote bush 
dries eriogonum 

10 

13 

lot 
sot 
ot 

30t 
70t 
Ot 

30t 
70t 
Ot 

30t 
70t 
Ot 

30t 
70t 
Ot 

30t 
70t 
Ot 

30t 
70t 
Ot 

lot 
90t 
Ot 

complete 
none 
6 

complete 
none 
6 

complete 
none 
6 

complete 
none 
6 

complete 
none 
5 

complete 
none 
5 

partial 
none 
5 

advanced 
none 
6 

sloping into channel Very well preserved pavement 

0-3t 

flat fan pavement 
0-2t 
none 

flat fan pavement 
0-2t 
none 

fat fan pavement 
0-2t 
none 

flat fan pavement 

0-2t 
none 

flat fan pavement 

0-2t 
none 

sloping into gully 

0-3t 
llTl 

gully 
3-5t 
1.25m 

same as above 

same as above 

same as above 

tone change (lighter) as 
slope increases and t 
varnish decreases 
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,60.96 3t same 15 

68.58 

76.20 

83.82 

91,11 

99.06 

106.58 

H.30 

121.92 

129.54 

137.16 

114.78 

tt same 17 

tt same 1? 

Ot none 
(boulders) 
present 

Ot none 

Ot none 

3t creosote bush 
dried eriogonum 

Ot tone 

Ot noo« 

sparse: 
It creosote bush 

dried eriogonum 

Ot none 

13 

12 

22 

sparse: 
It creosote bush 25 

dried eriogonum 

tot 
90t 
Ot 

30t 
70t 
Ot 

30t 
70t 
Ot 

30t 
70t 
Ot 

30t 
70t 
Ot 

sot 
sot 
Ot 

25t 
75t 
Ot 

40t 
sot 
Ot 

40t 
60t 
Ot 

30t 
70t 
Ot 

30t 
TOt 
Ot 

sot 
sot 
ot 

advanced 
none 
6 

partial 
none 
4 

partial 
none 
4 

complete 
none 
6 

complete 
none 
6 

advanced 
none 
5 

partial 
none 
5 

complete 
none 
6 

partial 
none 
5 

partial 
none 
5 

partial 
none 
6 

partial 
none 
5 

gully base 
0-1t 
1.25m 

sloping out of gully Extensive lighter toned 
1-St patches from weathered 
none Ign. rocks 

sloping out of gully 
1-5t 
none 

flat fan pavement 
0-1t 
none 

flat fan pavement 
0-1t 
none 

f^at fan pavement 
0-1t 
none 

minor desication 
0-tt 
1m 

minor desication 

0-1t 

.4m Ign. boulders 
present 

Moon like! 

Very minor desication 
into channels 

Lighter weathered Ign 
patches present 

minor desication 
0-tt 
.1m 

minor desication 

0-tt 

same as above 

same as above 

minor 
O-'t 
.Iffl 

minor 
0-1t 
.1m 

desication 

desication 

same as above 

C'if' face into major 
channel, end of transect 
7.52m short of 152.1m 
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TRANSECT » 4 

See image overlay for exact location. 

Sealing N 15 W, transect run in segments to maintain unit integrity 
Fan surface 3a (Oorn, 1988) radio carbon dated 9 50,000 - 14,000 b.p 

Oata collected: 
9 January, 1987 

Varnish scale: 

none - Ot 
partial = 1 - 15t 
complete = 26 - 75t 
advanced = 76 - tOOt 

Section 4a 

Weathering clasts scale: 

partial = ' 
complete - 6 

Carbonate scale: 

none = Ot 
partial = 1 - I5t 
complete = 26 - 75t 
advanced = 76 - lOOt 

Location Veget'n 
in meters t cover 

Lithology Weathering 
observed: t Varnishing 

Average t Igneous t Calcrete dvlp. Topography: 
Vegetation Particle t Metamorphic weathering of clasts Generalized 
type size (ca) t Sedimentary (scale t-6) slope N - 3 est. 

listed in listed in channel depth est. 
this order this order 

Comments: 

sparse: 
0.00 It dried eriogonu lot complete 

90t none 
Ot 6 

flat fan pavement 
none 
none 

partially disected by 
interna! drainage, povt 
bar feature 

oectiop lb 

location is 30.18 meters east (down fan) from 4a measured south-north 

3.00 

7.52 

15.24 

It dried eriogonu 

Ot none 

Ot none 

5t 
95t 
Ot 

St 
95t 
Ot 

St 
95t 
Ot 

advanced 
none 
5 

advanced 
none 
6 

complete 
none 
5 

r.^t fan 

none 
none 

flat fan 
none 
none 

flat fan 
none 
none 

pavement 

pavement 

pavement 

location of campsite and 
frontier debris 

well established burrow 
trail along cliff edge 
of primary channel 



85 
Section 4c 

location is 30.48 meters east (down fan) from 4b measured south-north 

0.00 

7.62 

15.21 

sparse: 
3t creosote bush 

dried eriogonum 

Ot none 

25 

sparse: 
It dried er'ogonu M 

St 
95t 
Ot 

St 
95t 
Ot 

5t 
95t 
Ot 

partial 
none 
4 

advanced 
none 
6 

complete 
none 
6 

overflow deposits 
0-2t 
.Otm 

flat fan pavement 
none 
none 

flat fan pavement 
none 
none 

channeling from adjacent 
established channel 
poor varnish-lighter rx tone 

edge cliff face major 
channel '7m depth 

Section 4d 

location is 30.48 meters east (down fan) from 4c measured south-north 

0.00 

1 52 

15.24 

22 ?6 

Ot none 

Ot none 

3t creosote bush 

3t creosote bu 

10 

25 

28 

Ot 
toot 
ot 

St 
9St 
Ot 

lot 
90t 
Ot 

20t 
80t 
Ot 

partial 
none 
4 

coaplete 
none 
6 

partial 
none 
3 

none 
none 
2 

gully 
1-3t 
none 

flat 
none 
none 

minor 

1-2t 
.1m 

^dge 

fan pavement 

channeling 

edge of large channel 

overflow channels (?) 

channeling prevelant graduation from one aged 
l-lt surface to a lower one 
.25m 
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Section 4e 

location 'S 30 48 meters east (down fan) from 4d measured south-north 

0.00 

7.62 

15.21 

Ot none 

tt creosote bush 

Ot none 

20 20t 
80t 
Ot 

St 
95t 
Ot 

St 
95t 
Ot 

partial 
none 
5 

complete 
none 
6 

complete 
none 
5 

gradational 
1-3t 
none 

flat fan pavement 
none 
none 

flat fan pavement 
I-2t 
.1m 

adjacent units grade 
into this one, minor 
channeling disects slope 

edge of major channel 
cliff face '7m drop 
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TRANSECT 9 5 
See image overlay for exact location. 
Bearing N 12 W, transect run from north to south 
Fan surface la (Oorn, 1988) radio carbon dated 9 800,000 

Oata collected: 
10 January, 1988 

650,000 b.p. 

Varnish scale: 

none = Ot 
partial = 1 - tSt 
complete = 26 - TSt 
advanced = 76 - lOOt 

Weathering clasts scale: 

partial - 1 
complete = 6 

Carbonate scale: 

none = Ot 
partial = 1 - tSt 
coaplete = 26 - 75t 
advanced = 76 - lOOt 

Location Veget'n 
in meters t cover 

Topography: 

Lithology Weathering 
observed: t Varnishing 

Average t Igneous t Calcrete dvlp. 
Vegetation Particle t Metamorphic weathering of clasts Generalized 
type size (cm) t Sedimentary (scale 1-6) slope N - S est. 

listed in listed in channel depth est. 
this order this order 

Comments: 

0.00 

7.62 

15.21 

22.36 

30 7.8 

J8.10 

!5.\" 

S3 34 

sparse: 
4t dried erlogonua 10 

creosote bush (boulders) 
present 

Ot none 

abundant: 
20t creoscte bush 18 

(boulders) 
present 

sparse: 
St dried eriogonu 

creosote bush 

3t same 

5t same 

St 5ame 3 
(boulders) 
oresent 

It same 

60t 
40t 
Ot 

30t 
70t 
Ot 

20t 
80t 
Ot 

lot 
90t 
Ot 

tot 
90t 
Ot 

lot 
90t 
Ot 

30t 
70t 
Ot 

20t 
30t 
Ot 

partial 
none 
6 

partial 
none 
6 

partial 
none 
5 

partial 
none 
S 

advanced 
partial 
6 

advanced 
partial 
6 

advanced 
complete 
6 

partial 
complete 

6 

cliff edge 
5-25t 
'10m 

shallow channel 
5-lot 
3m 

channel bottom 
none 
none 

sloping out channel 

5-lot 
none 

channel slope 
5-lOt 
none 

flat fan paveaent 
none 
none 

minor channel 

l-5t 
2Sm 

flat fan paveaent 
none 
none 

boulders present (0-1m) 

boulders present(.5-.75m) 

first traces of caliche 
"L'bble from upslope 

increasing caliche rubble 
with first in place 
occurance 

boulders present (.5-1m) 

occasional boulders like 
above 
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60.96 3t same 

68.58 

76 20 

83.82 

91.14 

99.06 

106.68 

111 30 

12'.92 

129.54 

137.16 

144.79 

152.40 

X same 

It same 

same 

Ot none 

Ot none 

Ot none 

sparse: 
3t dr-'ed eriogonu 

3t same 

3t same 

3t same 

3t same 

3t same 

8 

8 

3 

8 

8 

8 

6 

1 7 

(boulders) 
present 

15 

8 
(boulderj) 
present 

8 

:D 

20 

'20t 
80t 
Ot 

20t 
sot 
Ot 

20t 
sot 
Ot 

20t 
80t 
Ot 

20t 
sot 
Ot 

20t 
80t 
Ot 

20t 
sot 
Ot 

20t 
sot 
Ot 

lot 
sot 
ot 

lot 
90t 
Ot 

10t 
30t 
Ot 

25t 
75t 
Ot 

2St 
TSt 
Ot 

complete 
complete 
6 

complete 
advanced 
5 

advanced 
partial 
6 

advanced 
partial 
6 

advanced 
partial 
6 

advanced 
partial 
6 

advanced 
partial 
5 

partial 
advanced 
S 

partial 
advanced 
6 

partial 
advanced 
6 

partial 
advanced 
6 

partial 
advanced 

6 

partial 
advanced 
6 

minor channel 
'l-5t 
.2S« 

minor channel 

1-st 
.25m 

flat fan pavement 
none 
none 

flat fan pavement 
none 
none 

flat fan pavement 
none 
none 

flat fan pavement 
none 
none 

channel crest 
5-20t 
none 

sloping into channel 
20-30t 
•30m 

sloping into channel 
20-30t 
'30m 

sloping into channel 
20-30t 
•30m 

sloping into channel 
20-30t 
•30m 

sloping into channel 

20-30t 
•jOm 

sloping into channel 

?0-30t 
'30m 

lighter surface color from 
abundant caliche exposure 
on surface 

entered 50m dark patch on 
crest of ridge, little 
exposed caliche, heavy 
varnish development 

same as above 

approx. location of Steve 
Stedelmans pit II (?) 

abundant boulders exposed 
on steep slope 
(.5-1.5m) 

boulders (.5-1.5m) 

same as above 

metamorphic bou'dofs presef̂ i 
wi'h tighte'" color 
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TRANSECT » 6 

See image overlay for exact location. 
Fan st/rface 'active" (Oorn, 1938) 

Oata collected 
10 January, 1988 

Location midway between western fault trace main channel intersection 
and next eastern fault trace channel intersection. 

Weathering clasts scale: 

partial - 1 
complete = 6 

Varnish scale: 

none - Ot 
partial = 1 - ISt 
complete = 26 - 75t 
advanced = 76 - lOOt Carbonate scale: 

none = Ot 
partial = 1 - tSt 
coaplete = 26 - 75t 
advanced = 76 - lOOt 

Location Veget'n 
in meters t cover 

Lithology Weathering 
observed: t Varnishing 

Average t Igneous t Calcrete dvlp. Topography: 
Vegetation Particle t Metamorphic weathering of clasts Generalized 
type size (cm) t Sedimentary (scale t-6) slope N - 3 est. 

listed in listed in channel depth est. 
this order this order 

Comments. 

0.00 5t creosote bush 1cm-Ira 30t 
60t 
tot 

none 
none 
0 

cliff edge 
loot 
3Sm 

description encompases 
area 'lOffl̂ iOffl 
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TRANSECT 8 7 

See image overlay for exact location 
Bearing N 0 3, transect run from north to south 
Fan surface 3a (Oorn, 1988) radio carbon dated 9 50,000 - 14,000 b.p 

Oata collected: 
11 January, 1933 

Varnish scale: Weathering coasts scale: 

none = Ot partial = 1 
partial = 1 - iSt complete = 6 
complete = 26 - 75t 
advanced = 76 - lOOt Carbonate scale: 

none = Ot 
partial = 1 - 15t 
complete = 26 - 75t 
advanced = 76 - lOOt 

Location Veget'n 
in meters t cover 

Lithology Weathering 
observed: t Varnishing 

Average t Igneous t Calcrete dvlp. Topography: 
Vegetation Parf'cle t Metamorphic weathering of clasts Generalized 
type size (cm) t Sedimentary (scale 1-6) slope N - S est. 

listed in listed in channel depth est. 
this order this order 

Comments: 

0.00 Ot none 

•' P2 

.21 

22.86 

30 18 

38.10 

15.72 

53.34 

Ot none 

Ot n-P€ 

Ot none 

sparse: 
It dried ariogonu 

It same 

St dried eriogonu 
creosote bush 

St same 

3 

6 

5 

8 

5 

4 

8 

8 
(boulders) 
present 

25t 
73t 
Ot 

70t 
30t 
Ot 

70t 
30t 
Ot 

70t 
30t 
Ot 

sot 
sot 
Ot 

sot 
sot 
Ot 

sot 
sot 
ot 

sot 
sot 
ot 

complete 
none 
6 

complete 
none 
6 

complete 
none 
6 

complete 
none 
6 

partial 
none 
5 

partial 
none 
5 

partial 
none 
5 

partial 
none 
5 

flat fan pavement 
3-3t 
none 

'•"at fan pavement 
0-3t 
none 

flat fan pavement 
0-3t 
none 

flat fan pavement 

0-3t 
none 

flat fan pavement 

0-3t 
none 

flat fan paveaent 

0-n 
none 

flat fan pavement 

0-3t 
none 

flat fan pavement 

C-3t 
none 

well developed pavement 
scattered .06m - .18m 
cobbles 

same as above 

same as above 

all vegitation is within 
the shallow swails Incised 
on older surface 

occasional t-3m boulders 
in extream states of 
weathering 
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50.96 

63 58 

76.20 

83.82 

r .14 

99.06 

'06.68 

114.30 

•1.92 

129.54 

137.16 

144,79 

152.10 

5t same 

Ot none 

Ot none 

Ot none 

Ot none 

Ot none 
(boulders) 
present 

Ot none 

Ot n:ne 9 
(boulders) 
present 

8t dried eriogonu 9 
creosote bush 

St same to 

5t same 15 
(boulders) 
present 

8t same 

5t same 13 

sot 
sot 
ot 

sot 
sot 
ot 

sot 
sot 
ot 

sot 
lot 
ot 

65t 
35t 
Ot 

sot 
20t 
Ot 

sot 
50t 
Ot 

25t 
75t 
Ot 

sot 
lot 
Ot 

lot 
sot 
Ot 

75t 
25t 
Ot 

sot 
sot 
Ot 

TSt 
25t 
Ot 

complete 
none 
6 

complete 
none 
6 

complete 
none 
6 

complete 
none 
6 

complete 
none 
5 

complet? 
none 
5 

complete 
none 
6 

complete 
none 
5 

complete 
none 
1 

complete 
none 
4 

complete 
none 
6 

complete 
none 
4 

partial 
none 
5 

flat fan pavement 
0-3t 
none 

flat fan pavement 
0-3t 
none 

flat fan pavement 
0-3t 
none 

flat fan pavement 
0-3t 
none 

flat fan pavement 
0-3t 
none 

flat fan pavement 
0-3t 
none 

flat fan pavement 
0-3t 
none 

shallow swai^ 
0-3t 
,1m 

shallow swail 
0-3t 
.Im 

shallow swa-'l 
O-'t 
.Im 

shallow swail 

0-3t 
, Im 

shallow swail 

0-3t 
.Im 

shallow swail 

0-3t 
.Im 

very dark surface signature 

same as above 

.25-4m boulders 

SWal*^ tOpO .2- JC! 

vouldp'"' as above 

1-1 5m boulders present 



TRANSECT : 8 

See image overlay for exact location. 
Fan surface recent channel (Oorn, 1988) 

Oata collected: 
12 January, 1988 

Location: approx. 150 meters west of intersection north boundary channel and 
north south trending eastern most fault, samples taken 
in the fresh surface of active channel bottom 

Varnish scale: 

none = Ot 
partial = 1 - 15t 
complete = 26 - TSt 
advanced = 76 - tOOt 

92 
Weathering clasts scale: 

partial - " 
complete = 6 

Carbonate scale: 

none = Ot 
partial = 1 - ISt 
complete = 25 - 75t 
advanced = 76 - lOOt 

Location Veget'n 
in meters t cover 

Vegetation 
type 

Average 

Lithology 
observed: 
•• Igneous 

Weathering 
t Varnishing 
t Calcrete dvlp. Topography: 

Particle t Metamorphic weathe'*ing of clasts Generalized 
size (cm) t Sedimentary (scale 1-6) 

listed in listed in 
this order this order 

slope N - 3 est. 
channel depth est. 

Comments: 

3t creosote bush .5cm-.25m 20t none 
TSt none 
St 1 

deep channeling 
0-10t 
0-5m 

recent bar and swale 
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TR.ANSECT R 9 

"pp iriage overlay for exact location. 
Bearing N 57 E, transect run from west to east 
^an surface 3b1 (Oorn, 1988) radio carbon dated 9 9.500 - 7,000 b.p. 

Data collected 
12 lanu^ry, 1398 

Weathering clasts scale: 

partial = i 
complete - 6 

Varnish scale: 

none = Ot 
partial = I - ISt 
complete = 26 - 75t 
advanced - 76 - tOOt Carbonate scale: 

none = Ot 
partial = t - ISt 
complete = 25 - 75t 
advanced = 76 - lOOt 

Location Veget'n 
in meters t cover 

Vegetation 
type 

Lithology Weathering 
observed: t Varnishing 

Average t Igneous t Calcrete dvlp. Topography: 
Particle t Metamorphic weathering of clasts Generalized 
size (cm) t Sedimentary (scale t-6) slope N - 3 est 

listed in listed in channel depth est. 
this order this order 

Comments: 

0.00 ot none 

7.62 

15.21 

22.36 

30.48 

38.10 

45.72 

53.34 

(boulders) 
present 

Ot none 

sparse: 
It creosote bush 6 

3t same as above 13 

Ot none 

Ot none 

9 
(boulders) 
present 

10 

sparse: 
It dried eriogonum 3 

St creosote bush 10 
dried eriogonum 

2St 
75t 
Ot 

25t 
TSt 
Ot 

:ct 
sot 
ot 

3St 
55t 
Ot 

35t 
65t 
Ot 

35t 
55t 
Ot 

35t 
55t 
Ot 

3St 
65t 
Ot 

complete 
none 
6 

complete 
none 
6 

complete 
none 
6 

partial 
none 
5 

complete 
none 
5 

complete 
none 
6 

complete 
none 
5 

partial 
none 
6 

flat fan pavement 
0-3t 
none 

flat fan pavement 
0-3t 
none 

flat fan,pavement 
0-3t 
none 

shallow swale 

0-St 
.25m 

flat fan pavement 

0-3t 
none 

flat fan pavement 

0-3t 
none 

shallow swale 

o-st 
.25m 

shallow swale 

1-5t 
.25m 

1-1.25m multi composition 
boulders present 

same as above 

safre as above 

axcensive saU weat^er'ng 
and well decomposed granitic 
boulders into light patches 
on the grourd 

same as above 

well weathered swale 
topography 
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60.96 ot none 3 

(boulders) 

present 

sparse: 
58.58 It dried eriogonum 10 

3St 
65t 

Ot 

20t 
sot 
Ot 

complete 
none 
5 

complete 
none 
6 

flat fan pavement 
0-3t 
none 

flat fan pavement 
0-3t 
none 

.S-2m boulders present, 
of multi composition 

same as above 

^6-20 It creosote bush 1 20t complete 
sot none 
Ot 6 

flat fan pavement 
0-3t 
none 

same as above 
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