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1.0 INTRODUCTION _

1.1 Scope

~ This document describes a ground. and atrcraft data collection,plan to be carried
out as part. of the Texas Applicat_ions System Verification and Transfer (ASVT) Project,
which -i“s a joint effort of the Texas Natural‘Resources Information - System (TNRIS)

Task Force and the Natmnal Aeronautics and Space Admlmstratlon (NASA) The

Texas Department of Water Resources/TNRIS has contracted wrth the Bureau of'

Economtc Geology for the preparation of "this Data Collectmn Plan (DCP), to be

'mmally 1mplemented during the per1od June August 1980 as descrlbed herem. ThlS

DCP apphes to a test site in the Trans- Pecos region of Texas, Wthh is one of five test
srtes de51gnated within the state Prev1ously, a ground data collectlon plan had been
prepared for the coastal test site (leey, 1973), and a plan is in preparatxon for the
High Plains test ‘51te. :

1.2"' Test sne' Objectives

- The. part of Trans- Pecos Texas 1ncluded wrthm the ‘ASVT test site 1nc1udes four

m1mng dlSt[‘lCtS, mostly actlve in the past, as well as numerous prospects or

occurrences (Garner and others, 1979). Commerc1a1 interest in- the Shafter District

(fig. 1) is high, and production of silver may resume’ in that area within the next few

: years Mineral resources known to occur within the ‘test site include silver, ﬂuorspar,

)

" lead, manganese, copper, zmc, barLte, and uranium. Many of these metalhc and

nonmetallic mineral resources are spatially related to'Tertiary volcanic caideras, or
cauldrons (McAnulty, 1976; Henry, personal communication, 1980). Three such centers
of igneous intrusive and extrusive volcanic rocks have therefore been selected for

intensive study within a ,larger area of volcanic rocks. These are the Quitman,

~ Chinati, and Christmas Mountains (fig. 1), all of which contain known areas of

/

mineralization.
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The objectives of this study are (1) to test and apply remote sumng thhmque

as a tool for general geologic mappmg in complex volcanic sequences often including

terrain that may be - inaccessible, (2) to differentiate rock _types within the volcanic

sequence with emphasis on rock types that are specifically related to mineralization,

and (3) to detect directly hydrothermal . alteration zones of the type that may be
. : ~ |

associated with mineralization. These.applications of remote sensing techniques fall -

within the role of the Bureau of Economic Geology in providing extensive advisory,

~ technical, and informational services relating to the natural resources of Texas.

1.3. The Trans-Pecos Test Site

The Trans Pecos test sxte trends NW-SE through parts of five countles in West

~ Texas (fig. 1). The long- dlmensron of the site is approximately 307 km (190 m1) and

- the approx1mate w1dth varies from a minimum.of 51 km (32 m1) to a. maximum of

67 km (42 mi). Physmgraphlcally, the test site 1s thhm the Trans-Pecos Basm—Range

Province (Kler and others, 1977) and is characterlzed by mountain ranges and

intervening basms of alluvial flll The mountains within the test site are primarily

composed of fine-grained volcanic rocks, generally of rhyolitic,'“‘trachytic, or basaltic

_ composition (Garner and others, 1979). Both extrusive and intrusive volcanic igneous

: . : : (
“.rocks are present» often in complex associations developed during multiple stages of

volcanic activity. Structurally, the test srte is part of the Diablo Platform, an area of

past moderate uplift, except for the southeastern end of the site that overhes part of

. the buried Ouachrta Mountains front.

. Mean annual rainfall over the test site is"305 mm (12 inches) or less per year, and the
naturlal vegetatien is a desert shrub, savanna (Kier and others, 1977). Bailey (1978)
classi_fies the region aa the tarbush-creosotebush section of the Ch’ih’txahuan Desert
Province. C.haracteristic vegetation includes thorny 'shrubs in open stands to closed

thickets and some short grass in association with the shrubs. All climax vegetation is -

drought tolerant. Perennial grasses include black grama, threeawns, and burrograss;
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Shrubs include creosotebush,'tarbush, fourwing saltbush, acacias, and mesquite (Turner,
1977) Overall, the vegetatlve cover is sparse, except toward the interior of the inter-
range basin fills where more exten51ye grass cover is present, such as the Marfa Plain
near Mar‘fa in Presidio Count'y. |

Soils of the region are light reddish-brown to .brown sands, clay loams and clays,

‘most of which are calcareous and some of Wthh are salme. Rough stony lands are

also present (Kier and others, l977) ‘Many smls in 'the region are shallow to very

“shallow.

As a result of sparse vegetatlon and thin 50113, bedrock is - reasonably well‘ _

exposed to airborne and satelllte remote sensmg dev1ces. T he area is theref—ore

, su1table for attempts to detect altered and unaltered rock types without relymg

--strlctly on geobotamcal methods, as must be done in areas of heavy vegetatlve cover.

Some mterference from vegetatlon 15 expected, however, in relatmg spectral sxgna-

ture’s to specific rockr types. A comblnatlon of data types (aerial photography and

- multispectral scanner imagery) from platforms at several different altltudes may be

‘most helpful in overcoming this problem. To this end, three areas of intensive study

have been selected within the test site (fig. 1) wherein ground d‘ata"colle"ctio'n and
collectlon of data by aircraft will be‘concentrated.

1.3.1 Test Site Intenswe Study Areas

The mtenswe study areas are: described-here inorder of importance to this
investigation. These descriptlons were prepared in consultation with Dr, Christopher
D. Henry, of the Bureau of Economic Geo‘logy,' whose ongoing work in West Texas

relates to geothermal. reSources, geologic mapping of complex volcanic sequences, and

‘potential for caldera-related mineralization in the region.

1.3.1.1 Chinati Mountains

‘The Chinati caldera includes all of the Chinati Mountains and is a roughly

circular feature 20 km (12.4 mi) by 23 km (I4.3 mi) (McAnulty, 1976). The' volcanic



rocks of Oligocene age include a sequence of rhyolite and trachyte 'llows more than
1,000 m (3,300 ft) thick. As the younger West Chinati stock, which consists of a

monzodiorite margin and a core of porphyritic hornblende granite (fig: 2) (Cepeda,

”

11979), was intruded, it tilted the ov’erlying volcanic rocks. Along the north side of the

Chinati caldera is ev1dence for an older, buried caldera, the Infiernito caldera; an ash-
flow tuff is ev1dence of its actlve phase (Henry, personal commumcatlon, 1980)
Mlnerallzatlon in the Shafter District (flg 1) lies along the south margin of the

Chinati caldera and is found within a Permlan dolomltlc llmestone in veins and along

‘beddmgﬂ. Mlnerahzatlon.ls a hydrothermal emplacement assocrated w1th the magmas

of the Chmatl caldera._ Altered volcamc rocks are present but are not mlnerallzed ’

ng fracture intrusions of porphyrltlc hornblende andesite are present in the Shafter

area and may be related to the source of mlnerallzatlon, but further 1nvest1gat10n is

Ny

required.

The sequence ascribed to the Infiernito caldera includes (1) a rh?olitic flow over

Permian and Cretaceous sediments, (2)a ‘porph)?ritic flow of intermediate silica

content, and (3) a thick ash-flow tuff, followed by intrusion and late doming to tilt the

" rock ‘units te the north (Henry, pe’rSdnal‘eom’municatien, 1980). All parts of this

volcanic sequence show some hydrothermal alteration, occasionally showing an in-

tense, bleached appear.ance. This alteration occurs over allarge enough area that it
| should be detectable using remote sensing data. There may be some potential for

- associated mineralization, but no occurrences are known. Because flow-banded

o

rhyolites have been intruded along a fracture zone in thls same area, llneaments and

J
- L4

their relationship to the alteration zone should be examlned using remote sensmg data.

Other mineralization in the Chmatl Mountams mcludes uramum mmerallzatlon

Aalong fractures in a rhyolite porphyry intrusion (the Shely prospect), and disseminated.

copper in-an outlier of ‘the West Chinati stock. The West Chinati stock itself contains

potentially commercial deposits of lead, zinc, silver, and tluorspar (McAnulty, 1972).

\
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1.3.1.2 Quitman Mountains

~ The Quitman Mountains are also a volcanic feature with ash-flow tuffs.and other

extrusive igneous rocks as caldera fill. Lead, zinc, silver, copper, and -minor

| molybdenum sulfide mineralization is associated with an intrusive igneous stock in the -

northern part of the intensive study area (flg 1). (McAnulty, 1976) ‘Fluorspar has been

found as veins w1thm a sheeted zone and prospected over a drstance of several hundred

feet (McAnulty, 1974); this suggests that the relationship of lineaments and such )

‘ occurre-nces should be investigated. Fluorspar is also associated with the Sierra Blanca

1gneous mtruswes northwest of the Qu1tman Mountams (Garner and others, 1979)

1.3.1. 3 Chrlstmas Mountams '

The Christmas Mountains are located in the southeast part of the test site

(fig. 1) and include both intrusive and exfrusive,,..vigneous. rocks of 'Tertiary age.

Numerous small intrusions occur w1th1n Brewster County in the area around thlS _

1nten31ve study site. Many of these, as well as 1ntru510ns w1th1n the Chr1stmas

Mountams, have been hydrothermally altered (Henry, personal communication, 1980)

Fluorspar is present at contacts.of rhyolite and other igrieous rocks with Lower _
Cretaceous limestones such as the Buda and Santa Elena Limestones.: The rhyolite is

altered and may be the source of the fluorine, which has reacted,w'ith the . calcium

carbonate to form the ﬂuorspar dep051ts. Most of the deposxts are small, and many

are difficult to reach even on foot: (McAnul‘ty, 1974)

1.4~ Objective of Surface Ob’servations

Surface observations will be aimed at providing collateral data that will assist in

developing classification techniques for use with the remote sensor data. Geologic

mapping at a scale of 1:250,000 has been completed for the entire Trans-Pecos region
as part of the Geolog1c Atlas of Texas (Barnes, in progress). At that scale, however“,
1nd1v1dual rock types within. Tertlary intrusive and extrusive 1gneous complexes are not

drfferent‘lated. Data from work in progress by Dr. Christopher D. Henry and Timothy’
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~W. Duex of the Bureau of Economic Geology will be utilized to document spectral

differences among rock types in these complexes at scales as large as 1:24,000'."

No ground observations are planned to coincide with the Landsat satellite

overp‘ass.‘ An effort is being made to coordinate weather predictions available in

Houston and Austin with actual cloud-cover observations in Marfa (fig. 1) at overpass

.time. U.S. Department of Agriculture Soil Conservation Service personnel in Marfa

are being contacted in this regard.

Once lLandsat dat‘a have been successfully collected, field'_observations of the

. relative radiance of different rock types present in the caldera complexes will be

made. These should be carried out shortly (within several weeks) after the Landsat
overpass so that the sun angle is similar to that associated with the Landsat data.
Further activities in supportof the surface observation objective are listed in Section 2.3.

-
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2.0 DATA REQUIREMENTS AND ACQUISITION

A selection of .L,andsat.produ_cts will be utilized by the ASVT Project Team as
part of analysis of the Trans-Pecos test site. These requirements are oqtlinéd here, as

" is the need for surface and airborne data.

2.1 Landsat Data Requirements "

Landsat data ‘are to be provided by Landsat=3, with four bands of Multispectral '
Scanner (MSS) data, and ‘by four Return Be‘a}_m‘ Vidicon (RBV) images corresponding to,
each Landsat sc‘ene.over the test site. Because of the possrible present lack of
Landsat-3 MSS data along the west boundary of the image area, parts of four and
pbssibly‘ﬁvé Asc'e»nes will b_e needed to cover the entire test site (fig:'3). All Landsat
_produclzts. will be sent to TNRIS for indexing, étorage, and retrieval to support the ASVT
Project- Team. | o L
MSS Products |
() Compufer.—c:ompatibl.e‘: tapes, allll‘data‘

‘(2)  Black-and-white positive 'transparencies, 1:1,000,000 scale, all bands

" (3) FCC positiye transparency, 1:1,000,000 'scalé .

(4)  FCC paper print, 1:250,000 scale
(5)  Black-and-white paper prints, 1:250,000 scale, bands 5 and 7

6) Black—and—wh:ité positive transparencies, 1:3,369,000, all bands

RBV Products

(1) Black%;md—white |j_osifiVe 'transparenc.y, 1:500,000 (four for each MSS_scene where
coverage includes part Qf the test site) .

(2) Black—and-w-hite_ negative transparency, - 1:500,000 (four for.each MSS scene

where coverage includes part of the test site)



q # g = <

0

1

e

[II[H] ~ Test site
° Scene required to cover test
site - ‘ =

I

o Scene may be required to cover
NW corner of :test site

R

. Figure 3. Path/row index map for Landsat scenes covering parts of the Trans-Pecos test
e site. ’ :

-

10

—r=



(3) Black—and—whi'tc positive paper prints, 1:125,000 or as large a scale as available

* (four for each MSS scene where coverage includes part of the test site)

The following schedule of Landsat- 3 overpasses will cover parts of the Trans-

A Pecos test site:

,/

__Path33 - path3y - __Path35
June 18, 1980 . © June 19,1980 " June 20, 1980
July 5, 1980 July 6, 1980 - July 7, 1980 -
July 23, 1980 © July 24, 1980 July 25, 1980

August 10, 1980 ~ August 11, 1980 August 12, 1980

Data from Path 35 may be required to cover the northwest part of the test site owing

to possible lack of data reoovery in part of each Landsat scene.:

2.1..l»~Landsat Data Acquisition ‘
" Landsat products defined above will be obtained by TNRIS through the EROS
Data Center. | '

2.2 Aircraft Data Requirements and Acquisition

Aerial photography is an effective means of providing natural res‘durce informa-
tlon at large scales and hlgh resolution and of a1d1ng in the analy51s of small—scale,
low resolution Landsat data ThlS is especially true over the Trans-Pecos volcanic

terram, ‘much of. Wthh is not readlly acce551ble A1rcraft data are requn‘ed to

=) ssupport:” the development of analysis techniques w1th1n the Remote Sensmg Informa-

‘tlon Subsystem (RSIS), (2) evaluate other sensor systems and components, such as

NS-001 scanner data and hlgher resolutlon RBV 1magery, (3) determme the opt1mum

-mlx of aircraft and satellite data that will meet the resource mformatmn needs of

state agencnes, and (4) develop and carry out an evaluation - of Landsat—derived
classification products using aerial photography in conjunction with ground data and
published informatlon. The prlmary aircraft support will be prov1ded by NASA,

utilizing cameras and scanners as outlined below.

1
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2.2.1 NASA Aircraft

NASA aircraft will obtain ae‘riallphotographs bf the entire Trans-Pecos test site,

scale of 1:120,000, and over three intensive study areas (fig. 1) at a scale of 1:30,000.

Mu‘ltispeCtr‘al' scanner data will be obtained in conjunction with the photograpl’iy‘.? All

] imagery and scanner data will be titled and indexed in accordance with standard NASA

p'ro‘c‘edures to show the l'ocat’i_‘g)n and extent of coverage.

2.2.2 S’en‘sor Parameters

‘The NASA aircraft data acquisition will be governed by the following require-

¢

ments and constraints:

o

(2)

Hi_gh-Alﬁt.ude Data[ Acquisition (1:120,000)

Alrcraft RBS7 at 18,288 m (60 000 feet) altltude

Area of coverage: Entlre test site (fig. l) e

Sensors:  Zeiss 152 mm (6 mch) focal length camera with color film (EK

Type SO 397 haze fLIter)

Zelss 152 mm (6-inch) focal length camera with color IR film (EK Type

2443, Wratten No. 12 filfer)

RS- 18 scanner simultaneous with 'photogrephy .
Overlap: 60% forward overlap and-30% sidelap over total area with Zeiss

cameras ©

Permissible cloud cover: 10% maximum

Low-Altitude Data Acquisition (1:30-,0(50)'

Aircraft: C130 at 4,572 m (15,000 feet) altitude

' Area of coverage: Three areas within the test site (fig. 1)

Sensors: Zeiss 152-mm (6-inch) focal length camera with color film (EK

Type SO-397, haze ﬁlter)

Zeiss 152 mm (6-inch) focal length camera with color-IR film (EK Type

2443,-Wratten No. 12 fllter)

12
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be the most favorable

NS-001 scanner is mandatory in 0.63-0.69, 1.55-1.75, 2.08-2. 35, ~and

- 10.4-12.5 rhicron bandwidths- other bandwid'ths are highly deslrable

Overlap 60% forward overlap along flight line with Zeiss cameras.

Perm1551ble cloud cover: ‘Maximum of 5% w1th1n ﬂlght line : area

Table 1 hsts bandw1dths assoc1ated with three airborne muluspectral scanners-
that may be utilized for data collectlon The NS- OOI scanner is to be used excluswely‘ o

in the C-130 because the 1.55 to 1.75- and 2 08 to 2.35-micrometer bandmdths are

needed for geologic applications. It is recogmzed that the RS-18 scanner cannot be
operated for low-altitude data acquisition. Radlometer data are to be collected along

ﬂlght hnes to aid in calibration of the thermal mfrared channel of the multlspectral
) .

: scanners.

2. 2 3 Alrcraft Deployment

The flight window for the C 130 and. RB-57 alrcraft is June 16, 1980, through_, :

July 11 1980 There are no requirements for these alrcraft to synchronize operations

" either with each other or with the Landsat-3 overpass Experience in the area
indicates that cumulus cloud build-up often begins around noon if it is ‘to oceur. The

| 'early part of the usual 10 a. m. to 2 p m. data acqu1smon perlod is therefore likely to

~

2 2.4 NASA Alrcraft Data Products

The followmg products are to be supplied. by NASA to TNRIS for 1ndex1ng,

‘ storage, and retrieval to support the ASVT Project Tearn

(1) lTwo second-generation color positive transparencies deriyed from all color
and color infrared original rolls. | o |

(2)  One second-generation black-and- whlte p051t1ve transparency of selected
bands (see table 1) of multrspectral scanner data, as Well as one set o’f‘

negatives for the same data.

13




3 _ ‘Table 1. MSS Sensors and Bandwidths (in microns), "
. - available at NASA/JSC for aircraft operations.l -

- 45 - .52 38 - L4l 5 - L6
! | | 52 - .60 B SR 2
- | | 63 - .69 49 - s 7 -8
1! - - .76 - .90 S~ 58 8 - .9
| | 1.00 - “1.30 58 - .62 10.0
1.55 - 1.75 .62 - L66%
2.08 - 2.35 .66 - .70

| . S10.4 - 1205 70 - 7
o 76— .86
A L 97 - 1.06
o LT 8,05~ 13.7

o . NS-001 . ms RS- 18

1
: —
N
O

F:}va . . L/
l’Ba‘nds indicated with'an-asterisk (*) will be provided to ASVT Projecf Team as black-

J ‘ ~ and-white positive transparencies (and as negatives) for ‘data review' purposes.
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(3) Digital scanner data,-in computer-compatible tape format (Universal JSC
format).
(4) Indexes to all i»rnag'ery and data. showing the location and extent ‘of
coverage. | o
“(5) Copies of mission logs and any assoc,i'ated materials that help to define
rnission"parameters and " existing ‘conditions  (e.g., 'weather, time-of-day,
etc.).. .

2.2, 5 State Agency A1rcraf.t

The Texas General Land Office (GLO) operates a twin- engme Beechcraft Baron
with'a Fall’Chlld camera and a 152 mm (6 mch) focal length lens. This alrcraft w111 be
avallable should additional, large—scale photography be required of specrfrc locations
w1th1n the test site. Such a reqmrement could arise during data analy51s. .This aircraft
will not be operated durmg initial data acqu1smon.

2.3 Surface Data Reqmrements and Acqmsmon

2.3.1 PrOJec_t Team Observations
_ In contrast to operations in the Coastal Applications Test Site (Finley, 1978), no

project team observations are needed in conjunc'tion with the Landsat o'verpass. If we

 cannot obtain the cooperatlon of U.S.D.A. personnel for cloud cover observatlons at

overpass tlme, 1t may be necessary to have a project team member in the area.

- However, Bureau of Economic Geology personnel w111 probably be engaged in geologrc

mapping within the test site during June an_d may assist with weather observations.

Following collection of Landsat data, observations of the relative reflectance of
various substrate types will be made using an Exotech hand-held radiometer. This

device utilizes the same four spectral channels as does the Landsat MSS. Results will

be:useful in refining the delineation of different substrate and substrate-vegetation

mixes from Landsat and airborne MSS data. The collection -of ground data will be

constrained by access to privatelylowned ranchland within the intensive study sites.

15
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Permission is readily gained to enter some tracts, while for others it is unlikely that
entry will be allowed.

2.3.2 Observations at Existing Facilities

i

Most observations at existing facilities ‘would relate to applications other than

the primary geologlcal apphcatlons W1th1n the test su:e. An investigation of rangeland

" condition, for example, would requ1re rainfall records for several months preceding

the Landsat overpass. At presentrlt is not antxapated that observations at existi_ng )

facilities will“be required to evaluate Landsat imagery over the test site other than to
review rainfall in the few days before the overpass. Such a review is required if tonal
differences owing to varying soil moisture are noted on any of the remote sensing

data.

©2.3.3 Weather Data ) Al o

Weather - data to meet the poss1ble requ1rement noted in Sectlon 2.3.2 are

-available from local observers cooperatmg w1th the Nauonal Weather Service. The
nearest first- order weather station is at El Paso, Texas, some 128 km (80 mi)

- northwest of the northwest margin of the test site. Daily ramfall is recorded at Van

Horn, Valentme, ‘Marfa (ﬁg. 1), and at Candelaria and Pre-31d10 w1thm Presidio County' '
along the Rio Grande. Data is also-available for Sierra Blanea, near the Quitman

Mountains in the northwest part of the test site.

2.3.4 Published Reports ¥ o

The bibljography attached to this plan includes additional publications about the

- geology of the Trans-Pecos region not referred to specifically in the ‘text, Most of

these have been prepared by the Bureau of Economic Geology. Also mcluded are

references to processing of remote sensmg data for geologlc applications. These‘v

pubhcauons are under review to help develop the appropriate processing procedures

for data from the Trans-Pecos test site.
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2.3.5 Map Availability

Published gedlogic maps are listed in the bibliography (Sectipﬁ' 4.0). Topographic |
mapping at-1:24,000 scale is only in progress or programmed for parts of the Trans-
Pecos test site, notably in parts of Presidio and Brewster Counties. Pér’t‘é‘ofAthese‘
areas are covered, however, by 15-m§nufe quadrangle maps dated 1917. Analysis of
t'he‘ -Chinati Mountains intensive study area (iig. 1) may be impacted by lack of

7.5-minute topographic map coverage.
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