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1.0 Introduction

Remote senging by means of satellites has opened new possibilities in
research on natural resources. The imazes sent by satellite, as a result
of their peculiar features, make possible to carry out integrated studies
of natural regsources in the shoriest time and with smull investments,

in comparison with other conventiocnal methods.

The present study demonstratas the feasibility of obtaining statistical
maps recordei on bagic maps of cartographic accuracy, produced by the
Military Geographic Institute. This means that, after demonstrating the
feasibility of adaptation of ERTS images, we could have available
1:250,000=gcale s*atistical maps of the entire country in the near
future.

Thie information will make possible rational planning of development
projecte at the national level.

240 Working method /128

The stages followed in the present study are as follows:

- Monoscopic interpretation of ERTS images, multispectral system, red
and infrared band (MSS-5, MS35=7), since they are the most versatile
in the evaluation of resources generally.

- Compilation of geological, geomorphological, hydrological and mining
data obtained in the preceding stage on traced copies, at the approx-
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imate scale of 1:250,000.

= Adaptation and transfer of the data previously recorded on precise-
scale basic maps by means of oontical-mechanical methods. The geo-
graphic location and compilation of Sheet Aiquile SE-20-9, prepared
by the Military Geographic Institute, is illustrated in Figure lNo. 1.

2.0 Information obtained

3.1 Geomorphology

The purpose of a geomorphological survey is to provide a concise and
systematic regional picture of the relief and of the phenomena related
to it.

Since surface relief is a very important element of geographic develop-
ment, Imowledge of it constitute & highly valuable tool in the rational

utilization of natural resources oy man, because of the relation existing

between the geomorphological features of a place and the other environ-
mental factors. Geomorphological maps are of great value for the pre-
paration of soll maps and soll engineering maps, for the study of
industrial and urban development projects.

Ceomorphological maps provide engineers, planners and other specialists
with information that is used in determining the location of roads,
protection of existing structures, selection of areas for the installa-
tion of dams, reservoirs, tuanels and other engineering works.

One should also mention the great importance of these maps in the ex-
ploration or search for new mineral deposits, where certain geomorpho-
logical features constitute excellant guides to the selection of areas
having economic potential and then to the development of exploration
programns.

Major geomorpholo-ical uaits

To the sout: of parallel 17° 30', the Lastern Andeg mountain range in
Bolivia obviously changes ite aspect entirely, becoming lower and
flatter than the sector to the north of that latitude. This change
appears to be the result of the geotcctonic weaknesgs line of Ichilo-
Ivirizu de Rod, which approximately follews 17° 30' south latitude,
extending to the west through Lake Titicaca with the dielocaticn
described by Norman Newel under the name of "Huaculleni Fault'.

From this brief description it appears that the area under etudy

has morphological features totally orposite to the country to the
north, where especially glaciation has been more intengse than in the
gouth, Fere elevations do not exceed 4,000 m., and evidence of
preneplains or erosion surfaces appeare very regularly from Arampampa
to Villazdn.
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A.E. Lobeck regarde as major structural formme those originated /12
from diastrophic forces; thus, taking into account the geclcgical
structure prevalling in each regicn, he identifies the fellowing

major forme 1 secondary relief features.

l, - Plateaux

2.a) Dome-yhaved mountaine
b) Mountain mageif
¢) Mountaine with ridgees or marked folds
d) Mountain systems.

The stratified rocks which form the upper part of the crust in a given
place may be arranged horizontally or have been subjected to folding
and fractures cf varyving intensity.

In the former case, when the diastrophic movements that affected them
have been of the epeirogenic type only, geomorphologiste talk of
plateaux, In the latter case, depending on whether there was folding,
fractures, or both phenonena together, the resulte are as follows:

a) When the top layers have formed an arch, locally protruiing above
vhe surrounding recks, it is called dome-shaped mountain,

b) When, as a result of faults, different tlocks have been formed,
which have moved with respect to one another, there is a moungn{n
massif,

¢) IT, ae a result of tangential forces, the layers are folded forming
anticlinale and synclinals, we have a relief with mountaing with
ridges. o i

d) When both folding and faults are the predominant features, the re-
sulting landscape will be a mountain system.

From a careful examination of the map, it appears at first sight that
the area has been subjected to intense folding and fractures, evidenced
by the presence of anticlinal and synclinal structures and Innumerable
fractures, such as fault cliffe and features related to possible diglo-
cations. Pagically, the landscape under gtudy would be referred to as
a mountain system,

The presence of peneplaing or flattened surfaces indicates that the
region was subjected to intense erosion, mainly due to the action
of running waters which levelled the country into a flat ghape.

These features are indicative of an alvanced stage of develcpment,
FNevertheleag, cother features, such as relief inversions, sharp
dividing lines and deep valleys, reveal that the relief of the resion
was rejuvennted,

The elevations at which such peneplains are found in the region tend
to decrease toward the wnast,

For example, at Ocur{-Maragua the altitude is 4,548 m, above sea level,
at Presto aprroximately 3,160 m., at Mojocoya 2,900 m,
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Thie decreage in altitude ralses two questions; Vere there two /}gg
or more stages in levelling? Or is thie unevenneoss due to fracturing
into blocks?

Then we are able to answer these questions, it will then be poseibdle to
pinpoint in the chronolegy of the earth the various tectonic events and
to determine when the most important changes in the landscape tock place,
primarily with respect to the paleozoic block and the sub-Andean belt,

Minor gecmorphological unite

Subsequently, the mountain syetem was subjected tc the destructive agents
of the earth's surface, which shaped and created the infinite number of
exigting minor features. In their action, the dietructive agents produced
erosion features, such as dip-slopes, peneplains, hille, plateaux, ridges,
etc. (see legend).

Cf the four destructive agente which are involved in all work of thie
kind, running waters congiderably affected the shaping of the landscape,
contributing to a large extent to the develipment and geomorphel ogical
evolution of the area,

Rocky cliffe or slopes, ravines or gorgees are forus of destruction
caused by river erosion.

Of course, all the destructive angents were preceded or accompanied

by the univereal activity of bad weather, which can be regarded as

a preparatory agent for the subsequent action of the agents, removing
the material detached or weakened by the former.

For the identification of the minor structures, use was made of the
internaticnal nomenclature prepared by the Internatiocnal Geographic
Union (IGU), Sub-committee on the world geomorphological map. It is
clear, becauge it i arranged in chronological-genetic order, in
which the structuree require no additicnal explanation. The great
processes and a~ents which originated structures, both destructively
and by deposit, are analyzed chronologically.

PRACTICAL APPLICATION OF THE STRUCTURES

We shall limit ourselves to consider those structures which offer
practical applicatiocns, without proceeding to discuss each of them,
wiich would draw us away from the purpose of the present study.

The greatest nickel depoeit of San José de Tocantins (Brazil) was
discovered thanks to the location of a peneplain, related to the
profound effects of meteorological agents on peridotite (Pdcora,

W - Deposits of Nickel, Cobalt, Manganese silicates in the vicinity
of San José de Tocantins, Brazil) USGS Bull. 935-E-1944.

W. Figher, of the Geological Service of the United States, has pointed
out that "a high percentage of known mineral depcsits is associated to
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faults or fractures". For the reasons noted above, areas of peneplain
and showing marked fractures have been selected to receive priority
congideration in a future egploration program,

The fractures and fault cliffe muet also receive great attention /131
in taking decigions ag to the ingtallation of civil engineering worke,
because they are weak areas in which the ground is usually fractured
and unsgtable.

Structures such as ravines or gorges appear to ve appropriate places
for the installation of dams, reservoirs or basins for irigation purposes
or for the potential inetallaticn of lydroelectric power plante.

Passes, fords or gave (see legend) constitute natural passages which can
be ugsed by technicians and planners in designing roads, railreals, etec.
Thege areas are well defined in the geomorphological map that 'was obtained
(Fig. 2) and will be used as a basgie for tr: planning of civil engineer-
ing works in thie regzion,.

2.2 HYDROICSY

The ERTS satellite images, especially those corresponding to the infrared
band of the multispectral gystem, enable experienced interpreters to
obtain an important mase of information In the field of hydrelogy. Pata
were obtained concerning:

= Hydrographic basine and sub-bagins

- Drainage analysis.

EASIN AND SUB-BASIN MAP

In view of the importance of water resources as scurces of irrigation and
energy producticn, and making use of the wide coverage of ERTS images,
which ma¥e possible regional interpretations - a primary factor in the
gtudy of lydrographic basina = they have been defined with the following
resulte (Fig. 3).

AMAZON BASIN (A)
Approximately 907 of the drainage syetem of the Aiquile sheet involves
tributaries of the Mamoré river and therefore belcngs to the Amazon

basin.

The geographic area affected by it corresponds to the §-NE and E sectors
of the region under study, with an area of 16,588,7 Km-,

Within it, the following sub-basine have been identified:
R{o Caine a‘u_b_-—_l}_t}_sj_r_\___(_h_-_}_)

The main water-collecting stream, rfo Caine, is located at the NW end
5




of the sheet and runs along the eastern side of the Tor: Toro synclinal.
Genetically, it corresponds to a subsequent river, wnich receives the
waters of the rivers Laguna Mayu, Podeo, Challapampa and Molinero. Its
principal tributary is the San Pedro river, and Rio Grande originates
at their confluence.

The area of this sub-basin is 1,432, Kn<.

/132

R{c Mizque gub-basin (A-2)

It corresponds to the central sector of rfo Mizque, receiving as its
main tributaries the rivers Salte Mayu, Pojo and Comarapa, the last-
mentioned joining it at the latitude of the town of Saipina. This sub-
basin ie important because it provides irrigation for the agriculture
of the area.

The area affected by the sector stuiied measures 3,447.% Kn®,

San Pedros and Chayanta river sub-basin (A-3)

The riverg Guadslupe and Chayanta, which begin in the western and south-
western area of the Aiquile sheet, follow an anomnlous course to MW,

in contrast with the general tendency which ies toward te southeast.

Thig leads to the hypotheeis of a diversicn phenomenon., related to a
1ifting which tock place to the SW of the area under gtudy, in combina-
tion with the deposit of lava and rocks of the Los Frailee plateau.

Recauge of its origin, ric Chayanta is important from the economic view-
point becauge it forms tin seams.

The total area of the sub-basin is 4,558.7 Km°,

E{P Grande sub-basin (A-4)

It 18 the most important in the region because of the volume of water
collected by the r{ioc Grande, which receives the waters of the rivers
Zudsnez, Mojocoya, Presto, lagar and other smaller ones.

Rio Chico sub-basin (A-5)

This small sub-basin is located in the south-central area of the sheet
and joine rio Grande at the level of the Arce bridge.

RIO DE LA PLATA BASIN (B)
Ite influence is limited to the SW sector, where there is formed the

sub=bagin of rfo Ravelo,.

Rf{o Ravelo ) sub-basin (E-1)
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It originates at the place bearing the same name and recelves the waters
ef the rivers Tamayu and Pirca.

PRAINAGE ANALYSIS

For the purpoese of obi.dning information in addition to the peolosic
interpretations and of determining their relation to the regional tectonic
structure, a drainage analyels of the hydrographic gyetem of the area
under study wae carried out,

Basgically, the arrangement of the water streame, thef geometric :_l"“_
relations and the density of the drainage system were gtudied, The
results obtained are as follows:

AFEA I. TRELLIS OR NETWORK CONFIGURATION

It reflectes a marked structural contrel, in which the wain water-collect-
ing streams correspond to subgequent riverg which run alonyg areas of
weakness caused by faults or fold axes.

On the basie of the drainage density data, this area was subdivided inte
two sub-areas.

I A~ _I_._c_:_w_-fi _e_r_!__s_i.t.,v_ .t'_r:e_l_l_i_n_ confipuration

A predominance of raormeable rocks, probably arenscecus, as compared wit!
pelitic rocke, 18 suggested,

I B - Medium-density trellis configuration

- — i — ——— . — - e

Probably developed on arenaceous-argillaceocus rocks.

AREA II, DENDRITIC CONFIQURATION

Helated to a lithologicael control of semi-permeable or impermeable rocks.
Two sub-areas can be distinpuished.

IT1 A - ll_nf fum-den 8 i H.'_ _{e_n_d_rit}_g co _:*.-1_'_ ig_r_a_t_,_i_o_g

Pogsibly related to intercalations of sandstone and lutites, with pre-
valence of the former.

II1 B - E._}_g_p_—:_denaitg.:_ dendritic con:‘_l_gp\rnt.ion_

Sugrests a predominance of pelitic rocks.




AREA III - SUBPARALLEL CONFIGURATION

This type of drainage indicates litholegic contrel or fractures of
gpedimentary rocie.

ARKA IV ~ RECTANOULAR CONFIGURATICN

The tributaries enter at right angles, which indicateg control exercised
by diaclases.

DEAINAGE ANOMALIES

The streams which deviate from the general tendency of the drainage
systen are so regarded.

Their importance is due to the relation between structural controls,
location of igneocus rocks andjor cave-in of folds.

Their features are briefly describod below. /154

——

1-2 ANIULAE ANONALIES

Imply relation to domes located in depth. Their importance is due
to their connection tc potentially favorable areas for mineral deposits.

3=4 RADIAL AUOLALIES

They produces cent=!1lugzal configurationa which may indicate igneous
rocks or structural rises, which, in view of thelr geographic position
in relation to known mineral deposits (Marapua-Ocuri) may be economical-
ly important,

5 - SUDDEN CHANGES IN THE GENERAL TREND OF DRAINAGE

They are found in the area of rio Chiyanta and are probably related
to diversion due to rising.

6-9 CURVED DEFLECTIONS OF RIVERS

They determine probable cave-in of anticlinal folds.
10-4 ANOMALOUS WIDENIHG OF RIVERS

correspond to ayneclinal folds.

12-13 DOUBLE DEFLECTIONS

Produced by structural control of longitudinal faults in a general
direction N=S to NW-SE and readjustment faults in direction E-W.

Poem oy

LI st

19 REGIONAL ALIGNMENT OF A MAJOR R

L]

Is represented by rio Quiroga and rio Chico, which delimit the area
of the Aiquile ridgeline.
8




20-29 ALIGHMENT OF RIVERS

It indi. stes structural coatrol and they run along the weak or
fracture lines,

30 DOUBLE DEFLECTION OF RIVERS

It is a typical example of anticlinal with doutle care-in.

31 MINOR SIVPLE DEFLFCTIONS

They are controlled by faults and or diaclase areas.

32 SIMPLE PARALLEL ALIGHMENTS /138

They indicate lithological control.

3.% GEOLOGY

This study malnly covers two basic aspects:

= The structural interpretation, which made poesible to locate, define
and dietinguish the configuration of some folds, faults and features
of great magnitude, and especially areas with complex tectonics.

- The lithological analyeie which made posslible to locate, define and
describe litho-stratigraphic units at the gyetem level and to find
their relation in space and in their order of guccession (Fig. 4).
STRATIGRAPHY

From the stratigraphlic viewpoint, a differontiation was made at the
"System" level, considering the limitation imposed by the scale. Each
of the gvstens is briefly described below:

A) ”ﬂdovicAan avetem - Rocks of the Ordovician gystem occupy a greater
area than those of the other systems, and are characterized by being
rocks with many folds.

Lithologically, this system is composed of lutites intergpersed with
sandstone and quartzite.

B) § Silurian system - Sediments from this wvstem are widely found in
the area under studv and include the folliwing lithologieal units:

- At the bnse, tilithic sediments without stratification.
- Phyllite particlea

- Quartzite

- Lutite

- Sandstone at the top.




') Devonian gvetem - Surface material of the Devonian ayat is well

egpnsed in the eastern reslon of the area. Lithologically, this avatenm
is composed of lutite at the base and sandetone at the too,

D) Carboniferoues svetem - Carboniferous rocks rise to § surface to the

east of AlquiTe and to the north of Presto. The lithole.ical composition
of the Carboniferous gystem is as follows:

= Lower part: Sandstone, partly intergpergsed with conglomeratic banks.

= Middle part: Several layers of tilite, with sandstone particles
folded in all directlions.

= Upper part: Sandstone.

1136

E) Pernian sgystem - Permian soediments rise to the surface in the

northwest part of the area, more precisely to the south of Toro-Toro.

Lithologically, the Permian system is composed of alternate calcareous
rocks and margarite.

F) Cretaceous gystem - Above the paleozolc roclts and at discoriant
angles in some cases and with faults in others, there are isclated
remnants of rocks of the Cretaceocus svstem, the majority commoging
nucle! of synclinale, of which the synclinal structures of Toro-Toro
and R{o Caine are noteworthy for their great size.

Lithologically, the Cretaceous svetem is mainly composed of sandetone,
margarite, clay, calcareous rocks and lutite.

G) Tertiary system - Tertiary sediments are found exposed in the syn-
north and Presto to the south., There are also tertiary sediments to
the west and to the south of Mojocoya.

Yithin thls syvetem, a tentative differentiation was made between the
clastic sediments and extruded igneous rocks, designated by the letters
T, TL, whose lithological couposition iz as follows:

(T) Conglomernte, sandstone and lutite.

TL) Lava, which lies in disorder above the folded rocks.

Intrusive bodies - There are two intrusive bodies in tie vicinity of

Ocur{ and another close to Colquechaca, and they are ol the subvulcanic
type. These igneous rocke are estimated to date from the meso~ or neo-
tertiary period, becauge of structural r:lations as well as potassiun-

r T\

argon radiometric analysis (data recorded in Geobol Bulletin II).
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H) Quatermary gyatem - The quaternary system is composed of accumulations
and deposits of unconsolidated material, consisting of gravel, sand and
clay, which has been classified accorling to its origin or morphological
aspect as follows:

Und“fferentiate! deposits
Landslides
Colluvial=flvvial deposits
Alluvial depoaits
Terraces

The 1ithological contacts in the images show a greater or legser degree
of accuracy in their delimitation, s3 for example: extruded igneous rocks
of considerable size can be differentiated from the sedimentary-meta-
morphic system; the distinction between paleozolc rocks instead becomes
difficult, because of their lithological similarity and because they

show ill-defined photogiological features.

a) Tonal anonalies /139
b) Geomorphic anomalies

a) These anomalies interpreted in satellite images may correspond to
areas which have suffered from the action of bad weather, areas affect-
ed by great features or their intersections, sulphur-containing areas,
metamorphic halos, concentration of vegetation; in some cases they

may be rock formations. Two tonal anomalies have been interpreted in
the rezion of Aiquile: one to the west of Maragua, located in an area
co:taining Sn minerals, and the other In the vicinity of rfo Mozque,
which possibly contains meteoric rocks; for these reasons, field work
is alwaye rocommended and is indispensable to recognize and formulate
clear ideas concerning such anomalies.

b) These are anomalous configurations of the ground which are directly
or indirectly related to endogenous processes, especially magma for-
mation, as a result of which dome-like shapes can be observed in the
ERTS inages, sometimes with some small igneous rocks surfacing, for
example in the area of ocur{.

In nearby areas it has been established that these anomalies are related
to the location of mineral deposits, and therefore it was deemed
essentlal to carry out field reconnaissance for future mining explora-
tion.

Target areas for exploration
By combining the data obtained from the interpretation and knowing the
genesis of the minerals existing in the region covered by the sheet,
an attempt was made to find whether there is a direct connection between
the structural features shown on the map and the mineral deposits.
On tize other hand, indications concerning the significance of features

|




can be obtalned by a comparative analysis of the maps showing the features
and the reglional distribution of the minerale. In some cases, thls can be

determined empirically by sluple gsuperimpoaition of the two typas of in-

formation, Two areas studied on ERTS images were selected for fleld recon=-

nalssance as promising areas for mineral prospectings

a) Tonal and geomorphic anomalies, hydrothermal alterations, igsneous
and vuleanie rocks.

b) Am™as with large featurss and their interasections.

In the reglon of Alquile, the following can be rogarded as examples:
the two tonal anomalies, the igmeous rocks of Ocur{, the features of
Alquile, the feature of Marcoma, the feature of Toro-Toro, the feature
of Toracari-Rio Chayanta and the intersections of these large features
which show areas suitable for mining., Example: mining dlstrict of
Asiento-Bogton (Pb-8Sb), Foster (Sn-Ag-Pb), Yaco (Pb-Ag), Mtiri (Sn-
Az)

3¢5 _5_9“_}_

Up to the present time goll studies have been very gsporadic in Folivia,
a feature which ralses a varlety of problems for national and inter-
national arencies in charge of planning the development of the country.
The ERTS images constlitute a highly valuanble instrument to evaluate
thoge resources in a rather ghort time, in comparison with the con-
ventional methods.

Process

Basically, this work conslated of three mapping stages: an initial
exploratory mapping, a complementary mapping in which new units were
created, and a third stage of field work.

As can be imagined, the map prepared on the basis of the firat mapping
will show a modest accuracy because it is highly general, and for this
reason a second mapping was carried out, and the map presented here

is its result (Pig. 7).

The rule adopted in the interpretation was the physiognomical analysis,
which consiste in identifying different landscapes with reference to
the area of the country, although it cannot be identified physiograph-
ically.

/1
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Slassification

As mentioned above, in the firat stage of mapping a classification
based on natural features was established; each mapping category or
unit is ldentified by a letter and one or two digits, on the basle
of visual and or deductive criteria, since this classification shows
vaatl 1e found in nature,

This stuly is based entirely on interpretation techniques and therefore
is mainly baged on physiography. Therefore physiography is used in
the map legend as much as possible. Thisg can be done in two ways:

l, In field work, to be subsequently modified in the final map.

2« As a bnsic map for the final legend of the map, where the physio-
graphie legend is expanded to inclide the description of the profile
of the ground,

The second alternative was selected, considering that it reconie better
the information concerning the landscape, since when we use phyaiography
we are describing geographically different landecapes; these landacapes
are related, with goil differences.

Nap legend

C = Mountain Region

Ca
-t
i

Mountain Reglion
C2 - Sub-iountain Region /141
C3 - Hill Reglion

C4 - Direct Plateau

3
e
I

Slopes with gurfacing rocks.

F - Slopes, Valleys, Terraces

- - —

Fl - Slopes - alluvial formations - colluvial areas - sloping relief.

A - .A-l._lu_v_i_nl Plains

Al = Fecent alluvial areas, flat or nearly flat relief.

A2 = Recent alluvial areas, including colluvial deposits.

AZ - Floods with suall hills or remnants of hillas.

A4 - Alluvial, sub-alluvial terraces with reference to the jresent

13




datum level.

Relation between goil, original material and phyelography

‘he types of soll have been grouped first in accomdance with definite
landscapes; soils with different original materiale have been mapped
in acconlance with the form of their depoeits and the type of rocks
from which they originated.

l - 12'1_\1_3"_.\;@ O

Composed of residual material, it is composed of old, high ani steep
terraces, with slopes susceptible of severe and moderate erosion. The
rocks are lutite predominantly and sandstone, which have produced wvery

guperficial soil located on alopes.
2 - Landgcepe F

'his soll is of colluvial-alluvial orisin, with slopes ranging between
12# and 251, The natural vegetation is largely composed of thorny xero-
phytic species altemating with some crops of the annual type.

3 - I..'\'l-“lh."l'l'u.‘ A_
T™his is soll developed by sedimentation of the material eroded from
andscape C and deposited in this landscape; the majority of the crops
in the region are located in this area: because of its edaphic nature,
this ie scll which is suitable for all types of crops ecologically
alapted to the area.

fhis land is characterized by good and decep soll with good drainage,
classified as inceptisol in the seven-dlg it 1.5, clewnification ayastem.

n
Conclugions

—— e m——— e -

T e

l. = The transfer of statistical information cbtained from an
mass-procegsed, onto an accurate cartographic map, is feasible.

2s = The preparation of statietical caps where there are ERTS luages,
and of cartographic maps in 1:250,200 scale will make poseible
the develcpment and preparation of geological, gpeomorphological,
mineml-rich area distribution, eoll and hydrologlical maps.

i, - The preparation of statistical mape by using ERTS is extremely
cheap, in comparison with conventicral methods, since these maps
can be obtained in the scale mentiony above in a relatively short
tiue.

14
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The information obtained in the interpretation of E°TS images,
together with the coupilation of existing information, makes poe-

gible to prepare more detailed maps.
Becauge of the cartographic features orf ERTS images, they con be
used as dbasic maps in those areas in which there are no couventional

mape, eince the invernal peometric discrepancies i1 the luage are

not considerndle.
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BOLIVIA AIQUILE

Fige 1 - Compilation of topographic aheet SE-20-9 1.CG.M.
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B) Structures of vulcaniec origin
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Undifferentiated deposits
Landzllaes
Colluvial=fluvial deposits
alluvial deponite

Terraces

Ti Intrueive

Lava

Conglomeratee, sandstone and lutite
Sandstone, multicolored margarite and lutite
Calcarerus rocke and margarite

Sandstone, intercporsed with tiiite and lutite

Lutite and sandstone

Sandstone, quartzite and lutite

| O l Lutite interspersed with sandstone;

siltite and quartzite
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Lithological contect

Avproximate 1ithological contact
Covered lithological contact
Congpicuous layere

E s . Anticlinal axis

" i L Arproximate anticlinal axie
- % » Anticlinal axis with cave-in direction
----- ) LI Covered anticlinal axias
~—---'-——— Synclinal axie
‘ - Approximate synclinal axie
------ t S Covered synclinal axis
e *-' - S8ynelinal axis with cave-in direction
— Fault
==  Approximate fault
Aaaaa Inverted fault, the projections indicate the upper block
wrvrrvre Normal fault, the projecticns indicate the fallen block

S M Rivere




Stmecturml lap
Maoure !
References

St r‘t_'n':_\.l_ _‘S\L"::'.l‘(‘l_!

Fault line
Probable fault line

Inverted fanult line

Probable inverted fault line

Normal fault line

Anticlinal axie

Anticlinal axis with cave-in

Probable anticlinal axis

Synelinal axia

Synelinal axis with cave-in

Probable aynclinal axis

Rivers
Intermittent rivere

Townsn




_F'«‘n t ure _‘.-'n}\

Floure 6

References

Inferred lines

Probable lines

Linea or faults

Anomaliea generally

Ieneous rocks

R s», Mineral deposits in operation
X, Abandoned mineral depoaite
Alau. Placer being explored

Noau., Abandoned placer

"y

O ither

al watersheds




n
s ion
v tenn

1 1 tiene, colluvial fo: ts v,
lat 1 \ “. lat relint

all hille or remnants of hille




	GeneralDisclaimer.pdf
	0001A02.pdf
	0001A03.pdf
	0001A04.pdf
	0001A05.pdf
	0001A06.pdf
	0001A07.pdf
	0001A08.pdf
	0001A09.pdf
	0001A10.pdf
	0001A11.pdf
	0001A12.pdf
	0001A13.pdf
	0001A14.pdf
	0001B01.pdf
	0001B02.pdf
	0001B03.pdf
	0001B04.pdf
	0001B05.pdf
	0001B06.pdf
	0001B07.pdf
	0001B08.pdf
	0001B09.pdf
	0001B10.pdf
	0001B11.pdf
	0001B12.pdf
	0001B13.pdf
	0001B14.pdf
	0001C01.pdf
	0001C02.pdf
	0001C03.pdf
	0001C04.pdf
	0001C05.pdf
	0001C06.pdf
	0001C07.pdf

