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1.0 Summary

The tectonic evaluation of the Nubian Shield using Thematic Mapper (TM)

imagery is progressing well and shows great promise. The TM tapes for

the six Landsat 5 scenes covering the northern portion of the Red Sea

hills required to perform Bechtel's contract were received during the

period from September to December, 1985. Preliminary maps and

interpretations have been made for most of the area. Although it is

premature to present much in the way of interpretation at this time, it

is apparent that faulting and shearing associated with the major suture

zones such as the Sol Hamed are clearly visible and that considerable

detail can be seen. Splays, branches and/or smaller suture zones are

also in evidence.

An entire quadrant of scene 173,45 was examined in detail using all seven

bands, and every band combination was evaluated to best display the

geology. A comparison was done with color ratio combinations and color

combinations of the eigen vector bands to verify if band combinations of

7-red, 4-green, and 2-blue were indeed superior. There is no single

optimum enhancement which provides the greatest detail for every image

and no single combination of spectral bands for all cases, athough bands

7, 4, and 2 do provide the best overall display. Special conditions,

however, require different combinations and techniques to obtain maximum

information. The color combination of the eigen vector bands proved

useful in distinguishing fine detailed features.



The Thematic Mapper images are of outstanding quality and have a

versatility that allows the investigator the opportunity to check many

parameters. The 30 meter pixel size and the large electromagnetic

spectrum spread of the TM allows rock units to be differentiated and

traced and the structural fabric to be seen in good detail. Although we

are still in the preliminary mapping and interpretation phase, it is

already apparent that the amount of information available is truly

impressive.

The preliminary map and interpretation will be completed in a few

months. We plan to follow this effort by reconnaissance mapping of

selected areas as a field check on structures and rock types. The

completion of the final map and report can then be accomplished. Work
t

under the contract is progressing satisfactorily. The project goals and

deadlines defined in the contract are expected to be met.



2.0 Background Data

National Aeronautics and Space Administration contract NASS-28757 was

awarded to Bechtel National, Inc. with an Effective Date of August 19,

1985 and received on September A, 1985. The contract is for a Landsat

Thematic Mapper (TM) Data Investigation entitled "Tectonic Evaluation of

the Nubian Shield of Northeastern Sudan Using Thematic Mapper Imagery".

The area to be evaluated is located in northeastern Sudan and

southeastern Egypt as shown on Figure 1. The Landsat 5 tapes to be

studied under this contract were provided by NASA.

The plan for accomplishing this evaluation was subdivided into the five

following phases: (1) literature acquisition and review; (2) Thematic

Mapper data acquisition and processing; (3) map preparation and tectonic-

interpretation; (4) field reconnaissance, and (5) report generation.

The TM imagery provided by NASA consists of six Landsat 5 digitized tapes

recording seven spectral bands of the following scenes:

Path

171

172

172

173

173

173

How

46

45

46

44

45

46

The last of these scenes was received in December.



These Landsat tapes were processed on Bechtel's remote sensing equipment

and are being analyzed to develop a Tectonic Map of the area. At the

present time we are in Phase 3 (map preparation and tectonic

interpretations); some Phase 2 work is still to be finalized. Figure 1

shows the location of the scenes being analyzed. The hachered area

indicates the location of the illustrative quadrant utilized for Figures

2 and 3 of this report.



3.0 Work Accomplished

3.1 Literature Acquisition and Review

The acquisition and review of pertinent Literature concerning the geology

and tectonic history of the project area is largely completed, but review

will continue as needed until the last report is finalized and ready for

publishing. Many excellent papers have been (and are still being)

written on the Precambrian Nubian-Arabian shield complexes and the

accretions to them. References reviewed to date are listed in Section

5. The list will be augmented as new published information becomes

available.

3.2 Landsat TM Imagery

The acquisition of the TM tapes was completed on 13 December; however,

processing was initiated as each of the tapes arrived. The entire Q2 of

Scene 173,45 was examined using all seven bands. Although a variety of

features and colors were seen, a statistical study showed that the data

in the spectral bands was highly correlated. Due to the high

correlation, every band combination was evaluated to best display the

Nubian Shield geology. A combination of bands 7, 4, and 2 was chosen for

primary interpretation with the remaining bands to be utilized as needed

for special conditions or supplementary verifications. To verify that

the band combination of 7(-red), 4(-green), and 2(-blue) was best for



enhancement of major lithologies and structural features, a comparison

was done with color ratio combinations and color combinations of the

eigen vector bands. All color ratio combinations were considered

inferior to the 7, 4, 2 combination. The color combination of the eigen

vector bands did not provide a useful image for overall enhancement, but

is useful to distinguish fine detailed features.

Having chosen a contrast stretch of spectral bands 7, 4, and 2, the TM

scenes were divided into quadrants as the basic size for making

photographic copies. This produced 18 by 18-inch working prints at a

scale of 1:200,000 (1 cm = 2.0 km). These prints are overlain by a clear

acetate plastic sheet and the geologic interpretation is plotted on the

acetate.. The interpretation of the geologic features is made from the

image on the screen, utilizing enhancement and contrast-stretch

techniques of the scene being studied. Plotting and preliminary analyses

of the geologic features on most of the quadrants has already been

completed.

3.3 Analysis

Quadrangle Q3 of scene 173,44 was chosen to serve as an illustrative

example because of its location as well as the diversity of geologic

features it displays. It is entirely within the Egyptian portion of the

Red Sea hills thus may offer a better chance of access for field

verification than would a similar quadrant in Sudan.



Determination of rock types represented on the imagery presently depends •

primarily on the identifications and locations of rock types shown in the

literature. Based on the descriptions in the literature of distinctive

features that can be identified on the imagery and on the reflective

characteristics of these features as recorded by the TM sensors, the

identified unit is traced to its geologic boundary. Units that appear to

be similar and have the same characteristics are considered to be the

same unit.

Many variations of rock type and condition occur in the Q3 area. For

example, one of the major metasedimentary units (BA) locally grades into

older granitics as well as into the older sediment volcanic series and

displays characteristics common to both. Most of the Precambrian

sedimentary units are reported to be volcaniclastics with some

interbedded lava flows and dikes, limestones, cherts, turbidites, and

other marine rock types.

Dikes of many orientations can be seen in Figure 2 but the most prevalent

direction is northeast, parallel to the grain of the formations in this

figure. One of the areas showing a concentration of dikes is the

northeast portion of Figure 2 where the dark coloration of the dikes

makes them stand out against the lighter-colored granitics and

metamorphics. Dikes up to 20 kilometers long can be seen and many are 5

to 10 kilometers long. Several generations of dikes can be observed

based on their cross-cutting relationships.



At times it is difficult to distinguish between dikes parallel to the

relic bedding in the metasediments, and resistant beds that stand out in

relief. On the imagery both are visible in rock exposures, project

through the areas covered by shallow sand, and are often of similar mafic

composition. Generally the dikes can be distinguished by minor

cross-cutting of bedding, or by having spectral characteristics similar

to other well defined dikes in the area.

One of the large fault/suture zones so visible on the TM imagery of Q3,

enters from the southcentral portion of the image, turns westerly and

leaves the scene at the middle portion of the western edge. It appears

to be a branch of the much larger north-south trending Sol Homed suture

zone which extends through the eastern quadrants of Scene 173,45 and

splays in several directions. Figure 3 shows our preliminary

interpretation of scene 173,44 Q3, a photograph of which is shown as

Figure 2.

The sutures (zones marking the boundaries between accretionary terranes)

as seen in the imagery are characterized by bands of sheared rock many

kilometers wide with numerous contorted and strung-out units within a

melange. Lithologies and textures change rapidly, particularly normal to

the strike of the suture. Within the suture zone melange, many of these

units occur as exotic blocks juxtaposed with older igneous intrusions

which have been distorted in outline. Undistorted younger intrusions,

identified by their sharply circular outlines, protrude indiscriminantly

through the sutures, older granitics, and metasediments throughout the

study area.



Major structural units such as sutures, large faults, and igneous

intrusions are readily visible on the photographic copy of a scene, but

similar appearing geologic units can best be distinguished on the screen

where the full, suite of electromagnetic bands available to the TM can be

called up. This can be well illustrated by comparing the "black" areas

in lower portions of Figure 2, all of which look similar in this photo,

with the preliminary interpretation made in Figure 3. The large crescent

shaped area in the lower left is composed of ultramafic material

(probably serpentine); the large irregularly shaped patch to the right of

center is primarily one of the mafic volcanic units within the

metasediments. In Figure 2 the "black" areas look virtually the same,

but manipulated on the CRT screen, distinct reflective differences are

apparent.

A minor feature noted in the southeast quadrant of Q3, scene 173,44, has

been a source of considerable speculation during the preliminary work.

The feature is shown at an enlarged scale in Figure 4. As simply one

more circular feature with an elevated rim in an area noted for circular

intrusions with ring dikes, its unique qualities were initially

overlooked and it was assumed to be just another intrusion. However, due

to the resolving power inherent in the TM imagery system, it was

possible to greatly enlarge this feature and examine it in more detail;

it is now identified as a probable astrobleme (impact crater). This

astrobleme(?) is of sufficiently recent origin that its crater rim,

composed of debris, is still relatively intact. Because of its central



cone, consideration was given to its being a caldera with a resurgent

cone. Lack of apparent lava flows or volcanic ejecta which should be

noticeable near a caldera as young as this, seems to rule out that

possibility.

It appears that much can be learned about the source of the sand in the

imagery from its apparent color even though these colors are false. In

Figure 2 the white sand seems to relate to a granitic source while the

pink to purple sand occurs primarily over the metasediments. The yellow

sand extending southward from the top center of the image represents the

front of a large mobile sand field which covers much of 173,44 Q2 and is

now penetrating Q3. Note the dune field near the top of the figure just

to the right of center. No attempt was made to show the locations of

surficial deposits on Figure 3 at this time.

10



4,0 Work Planned

During the next 6 month period most of the remainder of the work needed'

to complete the Final Report will be accomplished. Included will be:

0 Completion of the preliminary Tectonic Map from the TM imagery

0 Completion of the preliminary map interpretation.

0 Discussion of preliminary mapping and interpretation with

consultants and other workers in imagery interpretation.

* Field verification of as many of the stratigraphic and

structural units shown as possible within budget limits.

0 Based on the results of the field work the imagery will be

reviewed and the map and preliminary interpretations revised if

needed.

0 Start on Final Report draft.

0 Prepare 2nd Semi Annual Report for distribution.

The next 6 months will be very active ones and while the items shown

above are placed in rough chronological order there will obviously be

11



overlap and even some deletion and additions. Much depends on if the

proposed field check proves infeasible. At the present time we have more

information than we .have had time to assimilate. Before the next

Semi-Annual Report is due we hope to have this data largely evaluated and

be working it into the Final Report.
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