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TOPOGRAPHY GI&OLOGY AND SOIL
CHAPTER 1

TOPOGRAPHY

. g Locatlon of the Study Area

o 'I‘he stutiy area, Lake Ypaca1 ai and its xelated basms, is SItuated

' between 5705’ and 57°35'W longltude ‘and between 25°05’ and 25735’ §
B latltude The area liesi in a NW-SE dxrectmn ‘with a length of 65Km, the
. wxdest area at 30Km and an area of 1 084Km2 '

B Study Methods

In thls study, 1nvest1gat10ns on the genexal topography of the land

basm as well as on the water basm were carried out. Land basin
. condltmns and land use. condxtmns were stuched on the basis of emstmg
23 g_mpographlc maps, new, aerlal photog: aphs and on-mte mvestlgatlon

Water basin. topography was studled by conductlng control point

survey, depth smvey and cross~sect10n survey

N .Aerial Photographs and Topographlc Maps

The mdex map of the aer lal phtog1 aphs newly taken in thls px ogect

. is shown in B‘zg S1. 1.1, The: photo numbers, by ongm and course, are
3 shown in Table Sl 1 1

Table Sl 1 1 B,mployed Aer 1a1 Photographs -

| Scale 1 40, 000 Photog‘raph:c Altltude 6 060mts B |
Date: Feb 5, 1988 Photo. Company : Terra Foto, SAO PAULO,

BRAZIL

" COURSE No | PHOTOGRAPH NOS. Number ofPHOTOGRAPHS

LINEa|  BXPOSICION

RN 1) C 128 R : -23

02 o 122 _ 22
04 - 1~19 ' 19

05 - 1~13 1 s

Total 101




Basically, in ordel {0 leam of the past land use condztzons, the

followmg materials were used fory eference

Aerial photo. MARCH 1984
SCALE 1/50, 00{3 (approx )
MMTAP-PT-84-3 R5 7941~7945

MMTAP PT 843 R6 79857987
' Total 8 picces |

- Mosaic semi-controlied pho!;o map N
Prepared by the Army Map. Service. U.S. A, 1965 -
Aerial photo JUN~AUG 1965
SCALE 1/100,000 (approx.)
ASUNCION STOCK No. HO041X56370
- LUQUENo.  HO41X5470

The base map used for the study was a map compﬂed from the 7_ o
sheets indicated in Table 51.1.2 which were taken from the CARTA
'NACIONAL, PARAGUAY 1:50,000 of the DIRECCION BEL SERVICIO
GEOGRAFICO MILITAR, PARAGUAY. .

Table §1.1.2 Employed Topographic Maps

o B370-1 | 5470V
VILLAHAYES | = LIMPIO B
5370-11 5470-1f - 5470-11.
ASUNCION YPACARAI - CAACUPE
| 5469V | 5469-1
- TITA PARAGUARI

‘The baekgfound of the ahove {5 ﬁhe_ foﬂéwlirilg



. B4T0-1E

 AEREAS ~ COMPILADO IMPRESO

‘ S TOMADAS | |
- 5870-1. VILLA 1965~1978 1973 1983
. HAYES - . : _
© 5370-IL ASUNCION 1965 1971 1987
. 5469-1 'PARAGUARI  1965~1978 1969 1987
54691V _'ITA' Cig18 1969 1985
1l CAACUPE ' 1965~1978 1971 1987
5470 YPACARAI  1965~1979 1978 1986
LIMPIO 1965~1984 1970 1985

122

"FOTOGRAFIAS

5470 v

From the tune of topographlc mapplng to that of takmg the recent

N aerlal photogx aphs, changes that have occurred in the topography and in

N natural land features (lakeshore conﬁguratmn, Water courses and roads)

~were checked through airphoto mterpretatlon and correspondmg
. modlf' catmns were made as much as posmble

Survey of the Lake Area " )

A topographlc suwey of the lake and its munediate surroundmgs
was carmed out by local compames under J apanese supervision to obtain
cross SSCthIlS of the major inflowing and outflowing rivers and to prepare

~ a bathymetrie chart which are necessary in estlmatmg the volume of
~ river water mﬂow and outflow as Well as the lake water volume.

The topographxc survey conmsted of eontrol pomt survey, depth

g survey and Cross- sectmn survey

The control pomt survey was carrled out to determlne the posxtlon

_ _.__of contml pomts thch are necessax v for the depth survey and sampling
. _work in the lake, ' '

- The posxtlons of 50 control pomts were deternuned by a tra averse survey

- __a,nd forward 1ntersect10n method

The depth ourvey was- carried out’ by an echo- soundmg method
using a 12 KHz echo- sounder 'I‘otal length of the survey line amounted

g about 150Km
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The cmss«sectwn survey was carued out by darect leve]mg, 14

sections of 4 rivers being surveyed.

' ’I‘opographu, Suminary

The Lake Ypacarai and its basins lie between the followzng

boundaries : at the SE, upstream side, Paraguari city; 65Kms _f‘rom _tha_t

point at the NW, downstream side, Rio Paraguay; at the NE side,
Cordillera de Los Altos plateau at an elevation of 400-200m, and at the
SW suie, Cordillera de Yaguaron and the adaacent hilly land at an
elevation of 300-100m. _ : .
The zone lying between these two mountams is a marsh which has B
an elevation of 150-100m and a width of 5- BKm At the center of this is

Take Ypacarax (area 59.6Km?, Iength lle avex age W1dth 5Km, water

depth less than 3m) Upstxeam in the Lake 1s a grassy marsh and

' downstream isa swamp

_ Principal mﬂowmg rivers are the Parayu commg down through the
SE plam and the Yuquyry, coming down through the western hxlly 1and -

‘Qthers are parts of a group of small rivers on the east and west shores of

the Lake., That outflowing TIVBI is the Salado, which meanders through
the Lake’s downstream expansive swamp before Jommg the Paraguay .
Rwer ‘ k ' :

In order to un&erstand the generql outlme of the geomorphology of
the study area, a reljef map was made, whmh is shown in Fzg 8.1, 1.2, '
At the SE side of the plain, the searp: at the front margin of the
Cordillera de Los Altos plateau and the connectmg pedlment attain
continuous elevatmn of 400~20(}m an.d then at the dawnstream side,

gradually turn to hills.

In'the upstream area, some Inserbery gs of'ferlng a spectacular sight

of small mountains can be observed in places They have been left
' behmd due to their hard hthology, by erosion and the consequent process

of retreating and reductmn of the front slope of the plateat.’ ’I‘hese are .
known as the Cerro Mbatovz. ‘the Cerro Santo Tomas i;he Cerro Jhu the
Cerro Pero and ; soon. . E
At the SW mde, in the erayu basm, the Cordﬂlera de Yaguaron:{' '
exists, howeverin a dlssected state of hllly mountams. s '

The Yuquyry basin i is undulating hllly Iand at elevatmns ranging
between 200-80m, In the NE area of the basm Patmo-Aregua hill,



i achacent to the Cord. de Yaguaron, extends in a SE- NW direction facing

the Lake. The Yuquyry flows down, enclosmg the west side of this same
’ hﬂl passes through the swamp downstream of the Lake and enters the
" Lake. The course “of ‘the water within ‘the swamp lacks a definite
f'omahon, becommg scattored downstream. : R

_ The main branch stream flows in a S-N~3SW-NE direction on the
-left bank of the main course of the river and dissects the hill continuing
_until neally the divide of the Yuquy1 y basm, formlng a 1Rm- w1de ﬂat
nver bed plaln, re veahng a large amount of past erosion.

, The plam at’ the upsin eam side of the Lake shows sumlar

configuratlon atits 80m, 100111 and 120m elevatlon lines. Between the -

~ 80m and 200m lines there isa large dlstmbutlon of small ponds.

‘ Furthermore, consxdermg geology and the nature of the soil, it is

estlmated that the plaln was submerged up to 150 200111, formmg atone

R tlme (the prec1se era unknown) a Iarge Iake

_ The formatmn process of the central plam zone which includes the

L Lake 1sn’t defined but lt could be con51dered due to the graben theory,.
the “erosion along the step fault - echelon fault” theory or the Cuesta

o _theox ¥, However for any theory, geomorphically, the past occurrence of

" a tremendous Spr ead of evosion and debris transpox tation throughout the

entlre basm is 1llustrated

Coo o Ttis ‘hard to believe that; this large scale erosion ami tr ansportatmn
' -Lould be related to the present scale of the Pirayu. Itis possible that ata
 stagein the geologlcal age, the Pirayu was a large river extending as far
- as @uth'of city of Pa_lfaguari, that was however later cut opstream by

- river capture | S | |

_ It is d1ff“ cult to thmk that the px esent Yuquyry, even if con31der1ng
| the river channel g1 adlent, contams a large erosive agent However, if it
s assumed that at one time the Lake water level was 120m above sea
- lovel then itis posss.ble that the Lake’ s water invaded the Yuquyry basin
“pear the Cerro Patlno ‘betwaen Ypacarm and Aregua and thereby

’ moreased the grosive agent: ' ' :
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To;;og"raphm Clasgjﬁcatron '

" The main objectwe in mmstxgatmg the character:qtlcs of Lhe basms
concerning debris supply sources was to pmduge a basin landform
classification map. This is shown in Fig. S1.1.3,

1 Plateau and its front scarp

“This is the front margin zone of the Cord de Los Aitos, bordered by

the basin’s SE-NE edge. The plateau at 400~200m elevatmn possesses
scarp, comprising a zone which faces the central plam ‘

The plateau 1tse1f forms an extenswe plateau of the Plrxbebuy basm
dxppmg gently east—northeast wards. _ A

“This’ plateau has prmc1paﬂy consmted of & nearly honzonta}
Paieozom Age sandstone formation, It has shallow, mde, dissected
streams and, in places, hard rock sectlons reﬂectmg the geolog:cal

structure ast 1dges or Inserbel g are dlspersed ina regular fashlon

As for the study area side, ‘the original plateau slepe due to erosmn
and consequent recession, possesses an outer edge which is abundaﬁt in

" bends and, from the edge of the plateau at the pomt of a searp and steep

slope drops off suddenly : :
As for the surface of the plateau, in genergl, the soil layer is

| undeve]oped and the base rock has nuinerous outcroppmgb, but it is
“atilized for f‘armmg and urbanization. On the front scarp, the vegetatlon

is comparatively Well preserved. : :

Movmg downstream, the searp becomes. less remarkable and
changes gradually from a dissected mountain to a hllly formatmn
At the near side of San Bemardmo and dowmtream ares of the
Salado many small seale quarrles are d}stmbuted

(2) Mountams

These refer tx) hlghlands extendmg frem Cord de Yaguaron to the -
Cerro Patifio, at elevations exceeding 200m., An appropriate name for
this formation would be a “hilly mountain”, rather than a mountain,

The vegetation is comparatively good, but it is dzzmmshmg' due to

_the advance of farmland, Because the base rock is hard outside the

vegetated areas the soil is of low development and, in many places the

-surface soil 1sn’t settled.



Dependmg on the growth of the pediment path resultmg from
eroelon and d1ssect1on, the narrow tall mountem body contracts into a
sausage formatwn, gr adually tr ansformmg mto 1solated hxlls

() =Ped1ment

At the lower parts of the front scarp of the plateau and the
_ _mountam theie is- clearly a pledmont llne and a contxnuous gradually

o slopmg area. Wlth the recession’ of the plateau slope arxses an outer edge

| abundant in bends and also ar eas of dlssected valley
| At one tlme, it is thought that the plateau was covered by for est
" howevex presently, 1t rests largely t1 ansfoxmed into farmland on whlch :
is grown Paraguay coconut and corn, and also mto colony land

‘The plateau consxsts of Paleozoic conglomerate - coarse sandstone
' aiong the Cord. de Los Altos as well as from Paleozoic sandstone and

- conglomerate from post~Cretaceous Era, along the Cord. de Yaguaron.

- The surface Iayex soilis of comparatively good distribution, however due
to rainfall; a zone has developed which suffers drasti¢ sheet erosion. In
vegetation-meager areas, the surface layer is washed out and the basic
rock exhlblts abundant outoroppmgs L

3 ( ) Mantled pedlment (pal tly Fan)

; Contlnumg from the (2) ped1ment downstream border is a gently

: slopmg zone and due to creeping and washmg out of debris supphed from

() and (2), there is transported sedimented matter In the VIlety of
Pzrayu, a fan hke topography has ’neen for med

_ Baswally, t}ns is a half marsh / half grassland which, up untd a
comparatlvely recent geologlc period, is thought to have been submerged
and, grade mto consequent alluvial deposit, in mterﬁngel contacts. Due

_ :to ﬂoodmg, thisisan easﬂy submerged zone,

- On’ the Cord de Les Altos, the chseeetlon has progressed along the
' '“streem untll the upper end. of‘ the slope There bave also been formed

o ,_ waste~ﬁlled valleys

.'I‘he eaet sideis principally used as pasture, partly farmland and for
“housing. The west side, usage in the form of farmland and for housing is
even greater. .. | | '



(5) Hills

Hllls are d1str1buted widely thloughouf; the entlre Yuquyry basm
and the western side of the Cord. de Yaguaron, achlevmg elevations of .
200-100m. The hills are of the post-Crefaceous red sandstones.” Due to
progressed dlssectmn the surface is rounded and eXhlbltS a gently'
sloping topography. B

Wxthm the study area, Jand use is hxghly advanced m the form of
urban land housing, mdustnal Iand farmland and roads ‘In recent
years urbamzatwn has rapidly progressed and farmland has dmnmshed
Essentlally, geologlc and topographm condltxons for eagy surface soil
development exist, however because of sparse vegetatmn and progressed _
w bamzatmn soil erosion is strongly actlve under various forms |

(B) Marsh (Moor)

L 'i‘hls is the Plrayu S h)w, ﬂat marsh-like zone. The surface dep031t is
sandy soil at a thickness of 1m, The posxtmn of groundwater isalso hlgh
_ Within the marsh, round ponds with dlameters up to 200m, are
| widely scattered. :

The areais prmcnpaliy used as pasture
Traces of former meandering river channels and trlbutarses and

ponds can be interpreted from aerial photography, however theyare ofi,en
bur 1ed by floods ther by giving the 1ami an extt emely ﬂat 1ow surface '

(7} Natural Le_vee

This is the long, continuous micxo- rehef runmng akmg the, mam
course of the Pirayu and its prmmpal branch stream whmh often gwes
rise to river bank forests. ' -

(8) Swamp

@ is a zone found along the Pirayu’s main course w1th a width of 1
ZKm @ is a zone found mdely spread betWeen the lower reaches of the
Lake and the Paraguay River.’ o ' ' '

® is a marshy grassland formed of graylsh black«browmsh b]ack, '

. clay deposits. A% normal tzmes, it is not full of water, however in

torrential rains, it is easily submerged Near the mouth of the  river, the
swamp is coruposed of hydrophyie and normally full of water
This is used for large scale pasture



@ is extremely similar to O, however is of a larger scale, has wide
y dlstnbutlon of nor mally flooded areas and areas of loxuriant vegetation
and also a tall tree forest.

. The sedimentation process takmg place over many years has

a pmduced 4 soft zone composed of sand, clay and humus from lake bottom

alluvial deposits. N orth of Aregua 10Kms, the Nueva Asuncion area is
relatwely higher from the circumference and exhibits, on comparatively
" 'dry flatland, the beginnings of a housing dev elopment however as there
“isan msufﬁmency of potable water, the project has been abandoned. The
~land, other than being used as pasture, is almost completely unused.

_ 'I‘hls zonie is said to represent the former natural environment of the
- Lake, m a preserved state and a treasury of aquatlc plant, animal and

bn‘d specmb ‘ '

- (9) Rlvel bed Plam

_ T}ns is the river bed of the mam stredm and mam branches of the_
Yuquyl y, with an elevation of 120m abovesealevel.
- The riverbed has a dlssected flat, dish-like proﬁle, is covered by
sand and clay deposxts ‘has a normally low flow amount and is however,
' durmg forrential rains, easily submerged. Black-brownish black clay are
- _dxstrlbuted in various places and are mmed to make bricks.

'( 1{)) J_Isolated small hilis

_ On the plam at m1d—p01nt between Pirayu and Ypacarm thh a
relatlve helght of 100111 are located elhpsmdal 1gneous rock hills of a
- magor axxs below le whlch are quarned for road constructlon use.

A Also upon the gently slopmg hllly land of Cerro Coi and Cerro

_ _C}mrorl (both’ at 180m elevatlon) 1Km west of Ar egua, there are
Qprotrudmglsolated hills. .

o At one tlme, unique rock of a columnar Jomt mth a hexagonal

profile developed Whlch isnow used for road pavementmaterial,

“The same type of rock is processed also at the quarmes of San

.'Lorenzo and 2- 3Km east of Luque

(_11) l.fak'e



1.5

_ The Lake is situated at nearly the center of the central 1ow1and
zone, is swamp-like and has, at present, & surface area of approxxmately

B0Km?2,

Through thls study, the water depth and landform of the lake basm

became clear.
- The profile presented is en’urely and extr emely ﬂat and dxsh-hke

and has a maximum depth of 3m, Ata pomt 500m from the aakeshore,

the lake floor gradually slopes, however at the bottom after the 500m

point is almast completely flat. ,
Excluding the Pirayu river opemng at the mﬂowmg s1de of the

- Lake, the fairway is not identifiable at the lake bottom.

At the Lake hottom, black mud seems to be Wldely spread On the

east shore at San Bernardino and on the west shore af Aregua, a sandy

quality is present and the land near the water is used as a resort area.
The thickness of the mud at the lake bottom could not be conﬁrmed _

' by a columnar bottom sampler

- Basin Dx'ws'lon

_ Accm dmg to air photo interpr etatmn, extractlon was made as far as
first order d;amage and on a 1;50,000 topographm map, the baundary of

‘drainage basins was established, Thisis shown in F;gs S1.1.4, S}. 1.5,

Due to the distribution of flat marshlike - swam;}y plams
throughout the study area, by rainfall and submergmg, channel
alterations and river captures frequently and easxly occur, thus
characteristics are traces of perp]ex dramage pattem and dramage
divide, -

The Lake’s basin is divided into 4 basins : at the SE Pirayu basm,
at the W, Yugquyry basin, on the east shore, the east shore basm and on
the west shore, the west shore basin. ' :

The results from the order-analysxs of the dramage system* state
that the P1rayu and the Yuquyry are eqmvalent 4th order streams and
on the east and west shores of the Lake, small 2nd lst ordel streams are
present, :

I-10
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*1  The terminology for this stream orfd.er : stream class and / or stream

‘order, It signifies a system of rating main water courses and tributaries
of various degr ees by assigning numerical values. As for A.N. Strahlers

stream order, from: the top to the point of confluence, from the pomt of

' conﬂuence toa pomt of conﬂuence w1th another water course of the same

or der 3 orders are given in the so - called 1nte1 val between pomts of
cooﬂuenee of same order water courses and the exit of the basin.. ‘There

" are. mény methods for assigning orders. In all the methods, affixing

orders on the map from the contour line configuration over the valley

_topography, by extendmg the vertical line over the valley topography
‘and aceor dmg to the water system map :

Lower Stream Area of the Yuquy1 y

Topographlcally, the Yuquyry doesn t flow dnectly into the Lake,

. bot 1nto the Lake’s downstream swamp, resultmg in an mdehnable flow
o path.

On the Pax aguay sxde as well water from the Yuquyry doesn’t enter
the Lake, but is thought to enter into the Sal_ado - Land use in the
Yuquyry basin is expansive and facilities dischar rging every type of -
pollutant are abundant. Thus, whether or not the Yuquyry's water

- enters the Lake will make a big dlfference in dewsmg Lake pollution

measures. Clariﬁcatlon of this matter was attempted

On the Yuquyry, between the iron bndge 7Km NW of Aregua and

' 3 4Kms east of thls, “water course w1th a width of IUm has clearly

formed howevex it gradually has become a swamp zone, losing its
smgulal water course char acteristics. Traver: sing the swambp, natural]y,

even in a small boat is dlfflcult Besxdes among even the local people,
~there is not one Who really is interested in where the Yuquyry water
goes.

For this study, _bes1des a detalled 1nte1pretatlon of the aerial

o photography (Fig. 81.1.6), on-site mvestlgahons along the Water courses
:and from the air by use of the N avy s hehcopter were carried out,

The results show that in.the past it seems a water course existed

- along the southern edge of the micro-relief near Nueva Asuncmn
| {thought to be a fan formed by the 01d Yuquyry) That course ran in the
" direction of the Salado, however at present is indefinable and the land is
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partly used as pastme
‘The present water course cmves in. an E SE dlzectxon and

although the water courses regulated on the mmro—lehef W1t1nn the

‘swamp are seattered, the slow flow moves entxrely in‘the direction of the
Lake. These water courses, together with. the Riacho N’egro, near the
- lakeshore, and numerous other small ones all flow into i;he Lake. .

- In a sense, there is no recognition of a definite watex' course joining
this river and the Salado. In the past, it is said'there had been a human-
built canal, in order fo lead the water to the Salado, however at present,
it is not used. o S

Furthermore, moving down the Salado in a boat untxl the ‘wood
bridge which crosses the swamp, thel e is no 1dent1ﬁcatmn of any definite

- inflowing water course.

Con51der1ng the above, it is ]udged that the ma30r1i;y of the
discharge of the Yuquyry either dlrectly enters or indirectly oozes into
the Lake and that a definite pori;mn mdxrectly penetrates the swamp and -
then cozes into the Salado ' - '

Lake Survey Results

. Fig.SL1.7is the bathymetrlc chart of Lake Ypacaral (oz 1gmai scale

is 1/25,000, contour mterval is 10em), and Fig. Sl 181 is representatlve

cross-sections of the lake

The datum IeVeI of water depth is 120cm on the water gauge (mean
water level of the last 22 years) of ADI\HNISTRACION NACIONAL DE |

NAVEGACION Y PUERTOS

Fig. $1.1.9 shows the area of the lake by water depth The area ef
the Lake at the datum level is about 59, iKmZ and the Water volume '
below the datum levelis about 1.15 X 108m3."

Above the datum Ievel the water volume 1ncreases by 6 X 1021113 a5

* the water level riges lem.

The maximum depth at the debouchment of the Salada is 85cm..
below the datum level. Therefore, outﬂow f'rom the Lake i IS 1mpcss1ble
when the watex level is unde1 85cm | :
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: Fig. ul 1.10 shows the. dlstmbutmn of sub-bottom materials in the
lake whlch were assumed from the echo- sounder records and grab-
'samplmg

Mud covers the majority of the Lake floor. On the other hand, sand
distribution is limited in the eastern margin of the Lake, |

 ‘Main rivers
': Fig.51.1.11 shows sites of the cross-section survey.

As the absolute helght could not be obtamed the relative height
above the temporary B: M is shown except for that for the Yag’ua—Resa -u
_and the Y pucu.
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2.2 .

- CHAPTER2
 GEOLOGY
General Descrlptmn of the Field Survey

The purpose of the geologm survey in thls pmject is no% to clarlfy
academmal}y the geologic ‘problems such as geologic distribution,
structure, h1story ‘and so on, but to understand the characteristics of
subsurface sml as closely related to distribution of vegetatmn, type of
land—use, type of debris production andsoon. : :

~ Surface geologm survey of the entire study area was carned out in -
order to clarify the charactenstlcs of subsurface’ so;l whlch is easxly-
affected by the nature of bed rocks as parent material. ‘ '

In the prehmmary survey, an outhne of the geolog‘lc dlstrxbutmn in
the study area was observed by field survey and typxcal rock samPIes
were collected. The prehmmary ‘geologic mapplng was attempted in
accordance with mmroswplc ‘observation of rock saxnples ‘and airphoto
mterpretatmn

~ 'This prehmmary geologic map was checked and corrected by the
second field survey, sampling, additional microscopic observatmn, X-ray
analysis and airphote-interpretation, in order to draft the geologic map
shown in Fig. 81.2.1. The number of rock samples is as follows. '

- | Microscopic observation { X-rvay analysis

Teb.’88 97 g

Jul,’88 | 12 5
Geological Otitiine

The moorish plam 65K'm long, 5~8Km wide and 100~15(}m above
sea-level, trends in a nort;hwesterly to southeasterly dxrectxon in the
central zone of the study area, with the Lake, at almost the center,

At the SE side of the plain, the Cordillera de Los Altos plateau

ranges in elevation at 200~400m above sea—level ‘At the SW side, the'. -

Cor. de Yaguaron and its connectmg hﬂls are d:stnbuted at elevatlon of
100~300m ahove sea level,

The followmg blblwgraphy descnbmg the outlme of geology of
Paraguay was obtained. |
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n thts b1bhography, strat1graphy and geologxo age of the study area are
_ summanzed as follows _

T The ‘basement of tho area is composed of glamte ‘and sub-effusive
porphymtlc lOCk and a’ radloactlve 1sotop1c: ages 1nd1cated them to be
early Paleozoic in age.

The NE side of the areq. is composed of a sequence of conglomerate—
sandstone siltstone fozmatlon ‘The age given by the fossils indicates
them tobe later Ordovician to early Silurian in age. _

"Thls formatlon is comformable mtergradatmnal and arranged in a NW
SE d.,rectlon ' : ' :

“Atthe SW side of the area snmlar formation is narrowly arranged along

" the plam in a NW-SE dlrectlon, and is unconformably underlam by a

conglomeratn~sandstone formation, r egarded as late Cretaceous ~early
‘Tertiary in age, distributed widely in the area.’ .o
The area has even heen intruded on smali scale, by the Ohgocene /
Miocene i 1gneous rocks. ' .
Present’ geologlc structure has been controlled by the
o Crotaceous~Tert1ay 1gneous activity and a tectonic trend in the NW-SE
-+ "diréction is apparent in thxs area. The area had been divided in tectonic

. blocks by accompamed faults aiong this trend.

: The mentxoned geologlc relauonsmp is shown in Table SL.2.1]
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2.3

2.3.1

Table 8.1.2.1 Cdinpiled Stratigraphic Order of th'e_Siudy Ar?aa x

" | Quaternary SAF?'A'NT_ONIO FORMATION
Cenozole | ] NEMBYIGNEOUSROCK
| Tertiary | PATINO FORMATION
Mesozoic L ' m unconfomii_;y

Silurian | | rTACURUB] | CARLY FORMATION
| - |VARGAS PENA F.
Group - s

| ~ |EUSEBIO AYALA F.

Paleozoic ' | CAACUPE TOBA_TI F -
N Gz-oﬁp |CERRO JHU F.
Ordovician’ | | ‘ | ' PARAGUARI F
Cambrian ~unconformity

| ‘CAAPUCU
GRANITE

The geclogic map was prepared in this survey mainiy oﬁ théﬁbasis of
lithofacies classification, rather freely from companson of geologzc age -

and/or correlation of beds. :
- Microscopic obserVatmn and X—ray analyms of 1mpm'tant mcks were

carried aui;
Stratigraphy
Basement Rocks

@ Gramte :

This rock constltutes the basement of the study area bui; prov1des
fewoutcrops

This erops out. > :
a) On the hill (80~100m abOVe sea level) where CORPOSANA-

facilities are located inSan Bernardmo and
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R -'At an abandoned quarry by the road (100~120m above sea level),
T ea:,t of Ypacarai, and :

) ':-;Accordmg fo drilling data’ of SENASA, carried out at the foot of

: _'Corzo Palaelos about 5Km northwest of Paraguari, ex1stence of

- ‘:'gramte is reported at 55m below :,urface (110m above sea level) at

_ PARAGUARI POZO(we11)2 and at 80m (90m above sea level) at
POZ0 3.

=(}m::nt,e of a) 1s hald and compact ‘i;wo mica granite and reddish

‘ '-'brown in color and by lts }Glnt system in E W and N-S dzrectlons, forms

dwxded blocks of 2~3m in diameter, .

Thls granite is unconformably underlam by the after mentloned arkose

' sandstone SHE R e S

| Itis composed mamly of quartz (eqmgra;ned in 0. 5mmi) potash

R feldSpar plagloclese 1nuseov1te and bmtlte with accessory zircon,

_ apatlte tour:malme and opaque mmerals L

h In genel al, ﬁhls rock is shghtly altered, and potash feldspm and
} piagloclase show a shghtly dlrty browmsh color and plagioclase and

- bxotxte are converted par tly into chlorlte

- A part of quartz and potash f‘eldspar show a myrmekltlc texture,

G1 amte of b) is rema1kab1y weathe1 ed altered and decomposed
coarse gralned granlte, and undergoes chlorztlzatlon and very easily
becomes coarse gramed sand '

Gramte of c) is briefly descmbed only as “ROSADO Y MASIVO ”

~ and 1ts details are unclear,
- Aceordmg to BI’I‘SCHENE AND LIPPOLT (c f blbhography) the
deternnned g‘ramte ‘age of San’ Bernardino is within the mterval of

. 573 +14 Ma to 576 + 15Ma méwatmg it being Precambnan in age

- @ Gramte porphyry and/or Hydrothermally e,ltered acldie tuff
o “This 1s dark gr ay to gray black in color compact and very hard
S porphyrxt:croek T T B L
s Out-crops are exposed on the low plam in four elhptmal formed hills
' f -(dlameters are less than le in length and 20~60m in hexght) 4Km

v jsoutheaet of Ypacarai.

They are quarried for paving materlal
S _‘However the p_etrogrephm name of this rock is hard to identify due
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to its changeable texture, at least it is the acxdxc vock rapxdly cooled at,

surface or subsurface conditions.

According to the micr oscop:c observatmn 1!: is composed mamly of
“-quartz and plagioclase, ‘with accessory zircon, apatite and some
hydrothe:mally altered minerals such as biotite, ferro—hastmgmte
chalcedony, sericite, chlomte and opaque minerals, and also some

weathered limonite and verrmcuhte
It contams somemmes xenohth of metasedimenf:s '

FImdal texture, quartz of corroded on and crushed qualt, are
generally ¢ommon, g - R
Mmroﬂaky biotite are v1s1b1e in quartzo~feldspath1cmatrm. B

Chalcedony fills up the exxstmg openings.
Recrystalhzed textures are sometlmes VJSlble in quartz

_ 'I'wo types of quartz phenocryst are 1ecogm?ab1e ’I‘he f' rst type is of
a magmatic origin and the second type is of a hydrothermal alteratmn
origin. The first type shows clear 1d10morph1c farm and eorroded form.
In the second type, micro- erystals of quartz are V1s1b1e m gathert,d veing
or pools and are commonly formed along the ongmal ﬂmdai texture.
_Plagmclase shows an 1d10morph1c pmsm of less than 4mm in length.
Sometimes it is converted to sericite by hydrothermal alterauon

These textures suggest the occurrence of this rock as an mtrusmn m
amdlc tuff and’ as succeeded by hydl othermal alt&ratmn '

= Accordmg to BI'I'SCHENE AND L]PPOLT (1980) the determlned.
age of thisrock is 553+ 20Ma. . :
_ The act1v1t.y of acidic magma,’ 1ndlcated by gramte cf San
Bemardmo and above porphyntl,c rocks, has been considered to play a
part in the Bragilian orogenic ‘cycle (750~450Ma, Precambrian age i:o
Upper Ordovmian age) '

@ Quartmte and/or Quartz W&Cke _ L
Small out-crops are observable along the 2Km road NEN of |
Parsguari, 1Xm north of Cerro Cnsta Redentor at 130~140m above sea
level, . : : SRR
' The rock is hght gray to graylsh yellow in color, compact and very
hard, and shows to silty hthofacles ' -
Dmllmg data from SENASA PARAGUARI POZO 1 reported the
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2.3.2

. existence of ROCA METAMORTICA (nietamorphic rock), 70m below the

surface_(l'oom above sea level) as follows,

' ROCA ML‘I‘AMORFICA CGN RFCRISTALIZACIONLS VARIAS COLOR NLGRO

PALIDO CON ABUNDANTLS CRISTALES DE CUARCITAS Y MINERALES DE

| CARBONATOS (CALIZAS) DE COLORES CLAROS MUY COMPACTOS

thhofa(ues of these rocks are appar ently dlfferent from those of |

_'glamte and surroundlng rocks. However the exact age can’t be
: identified, these rocks are possﬂ)ly Pre~Sllur1an in age and members of
- the basement of the study area,

Congiomer ate—Sandstone Group

ThlS grou;p forms the plateau of Cor de Los Altos, in the north—
eastern margm of the study area, and is dlstrlbuted widely in the eastern

| al ea of the plateau ‘This also is distributed in the hzgher area along the
~ ridge of Cor. de Yagueu on, bordering the western margin.

The east group forms the steep slope of the western margin of the

_moderately undulatmg plateau whxch spreads more east-wards

Thls group is classxfied in four formations in this survey.

_ Thls group is almost correlatlve w1th the CAACUPF group of the
abovemenmonedbfmhography :

@ (Quartzose pebb}e) Conglomerate Formatlon

- This formamon underhes the piedmont area of Cor de Los Altos )
north of Paraguam This occupies the lower zone at 200m of elevation in
the’ southern area, and the: lower zone at 100m in the northern area
(extending as far as the nudpomt between San Bernar dino and
Emboscada), Type 1ocahty isata road cut'of the route passmg eastward,

, " through Itacurubl from Paraguam

At thls locahty, subrounded-l ounded gravel of quartz schist and
metamorphosed chert at 5~50mm in dlameter, fau‘ly swarm within a

s matrix of quartzose arkose sandstone

: _"Prlnclpal mmerdls of arkose sandstone are quartz and muscovite.

;Accessory mlnerals are z1rcon apaute, lumomte and hematite.
- \'Kaohmte and carbonate mmerals are observable as altered minerals.

Matrix is composed of micro quartz grams_ chlorite and kaohmte (7. The

I —19




.gxam size of the matrix is 0,1~1rm, is poorly gorted and subr ounded to

rounded.

This formatlon shows a clear conglomeratlo htho-facms at the type
locality but decreases in numbez and dxameter of gravel northemward
and gzade into coarse sandstone, containing mteroalated thzn heds of

pebble and gravel |
As for the near type locality, this conglomerate grades upward into

cross-bedded arkose sandstone.

Abandoned open plts for g;favels are observable everywhere becauae

a matrix part of this formatlon easxly decomposes‘

This conglomex ate—gr avel bearmg coarse sandstone formatxon is
over rlain by alluvial deposits at the eastern margin of the central plam '
from Paraguari to San Bernardino, and seems to be distr 1buted widely
about 1m below the surface. T o _

This overlain zone was affected by weathermg, arosion, alterlatlon
by ground water and/or gleyzation and resulted in a flat surface
accompamed by hematite and limonite, and showing the texture of
matrix-support with floating grain packing. . _ o

Sometxmes this zone shows the complex color mothng of

whxtemyellow g1 av~reddlsh brow.

This conglomerate formatmn is the basal formatmn of the
conglomerate-sandstone group 2) and rests unconformably upon the -
g:amte at San Ber nardmo ' '

This is almost_ correlative with the PA:R'AGUARI formation
described in the above mentioned bibliography.

O Subarkose Sandstone Formation :
‘This formation conformably and mtergradatmnally overhes the

above mentloned conglolnerate formatlon and is traoeable along the Cor, -

de Los Altos from Paraguam as far as Emboscada in the northern part of

the study arvea. ' ' :

- This occupies the }ngher Zone > at 200111 of elevatlon m the so&thern -'

area, and the lower zone at 100m i m i;he northern area, |

This forms the remazkable scarp extendmg from Paraguam to the



National Road No.2, and the rather dissected plateau or hilly landform as
"~ faras hmbosoada via SanBernardmo

B 'I‘ype locahtles are obser vahle ata quarry nearby a road cut similar
to the case in @, _a_zo_ad_cut in: t;he Natlo.nal road No. 2, at midpoint
- between Ypacarai and Caacupe, and quarries nearby San Bernardino.

"Phis formation is comaposed mainly of subarkose sandstone and has
_ congiderable varlatlon in color, such as hght gray'*pale yellow~light
' yellow orange. _

- This. formation grades laterally and vertlcally from the above
mentioned D conglomerate and sometimes changes into coarse grained
| 'and/or cont;ams scattered pebbles and granules of chert

ThlS sandstone is composed malnly of quartz grains w1th a minor
amount of matrlx _ : :

“Grain size varies. from O 1t02 Omm almost all at 0.5mm and is
' subrounded to subangular

Pr1nc1pal mmerais of thls sandstone are quartz potash feldspar
| ( :t) plagwclase, muscovxte and bloﬁlte( *).
Accessory minerals are zircon, tourmaime (:t) rut:le (), and apatite
- Limonite, seri’cit’e and kaoliiiite, and other small amo'unts of
chlorite, ep1dote and hematite are recognizable as altered mineral. -

- Lithic fragment such as quartz schist, chert and volcanic rock
(rhyohte") are sometlmes recogmzable |

| '1‘h1s formatlon shows sometxmes plated joints, crossed bedchng and
' banded stmctmc, and can-be frequen‘-ly found showmg lateritization
processes “When there ig no laterltlzatwn, they are friable and show
.saccharozdal aspects due to then‘ gquartzose compos1t10n and lack of
matrm

o ‘I‘he formatlon strlkes N 25 to 50“ NE and dlps 3" to 5° SE and is more
. _than 150m in maximum thickness at CerroJ hu, near Paragual i

) The conglomerate formatlon and the sandstone formatlon show
. icharactenstlc landform due to the difference of each one’s durablhty,

QOverlying sandstone formstlon has relatwely high d.urabﬂity due

o lateritization and forms a front scarp of the plateau with dipping at
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40°or 50. Under lymg conglomerate formation is easxl) decomposed due to
its heterogeneous compo,sz.tmn and forms a gentle slope wn;h dlppmg at
15°or so, -
This pledmont line i m contmuousiy traceable from a distance.
(Geologic ‘blocks divided by fault movement and bmken by
- successive erosion sometimes remain as isolated Inserberg and present a
smgular sight such as Cerr oJ ha, Cerro Santo Tomds and Cerro Mbatovrt

 This formatmn is almost ccxrelatwe with the CERRO JHU
formatmn desm 1bed in the blbhography ‘

©) Quartz Aremte (Orthuquartzlte)l‘ormatmn o

This formation conformably and mtergradatmnaly overlxes the
above mentioned subarkose sandstone formation, and i is traceable m the
‘northern area of Cor. de Los Altos as far as Embgscada Thls occuples the

zZone }ugher than 100min elevatwn
" Type localities are quarries loeated near Emboscada

T}us formatwn ig compused mamly of quari:z aremte and has ‘the
characteristic platy Jomts less than several centimeters thick, and-is
quarrled in place for flooring and wall materials used in buﬂdmg '

- In comparison with the above mentioned subarkose sandstone, this
rock shows well sor ted grain size, less laterization and fresher aspects.

in generai ‘this rock is mtenseiy sﬂwxfied sometxmes f‘nabie and
saccharmdai ) ' AR o
-+ This arenite is composed mamly of clastic quartz gram and shows

the texture of grain- support without matrix packing. - '
Grain size is 0.02 to 0. 4mm thh is mamly fine sand size ef
- 0.1~0.3mm.
Grams are weil sorted and Well Y ounded

Accordmg to the microscopic observatzen the pr1nc1pal mmeral is

quartz, and as accessory mmerals, tourmaline, zireon and sphane are

recognizable, - Muscovite, chlorite, kaolinite, rutile, hematlte and'
hmomte are also observable. thhlc fragmeuts of quartz schist are
sometimes included,

o This formatmn is almost cmrelatwe thh the TOBATI formatmn' '_
_ descnhed in the h1h11ography : :
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B Quartz Arenite Formation
This- foxmatlon is dlstnbuted along the rldge of Cor de Yaguaron

forming the western margin of the: study area. This occupies an area of

about 10Km long, 1Km wide and higher than 200m in elevation,

‘southeast ward from the Cor_. Ybytypanema west of Pirayu.

| Type 1oca11ty lsaload cut, le SW of'Plrayu
g :  Thl‘s formatmn 1s cempoqed of hght gr ay~pale yellow quartz

' al emte

This aremte is composed mainly of quartz gram, and is massive and

-hard in. general but containing, however, saccharmdal friable parts.

Some parts show scattering hematlte patches
The strike and dip of t}ns formatmn is obscure

Gram size is 0.1~2. 5mm, mamiy at 0. 5mi‘, and subrounded ~
rounded.
' The prmmpal mmeral zs quartz and tourmalme, zxrcon muscov1te

~and bmtite are recogmzable as accessory mlnerals Serlclte kaolinite,
_ hematlte and hmomte are also obser vable as altered minerals.

Lithi¢ fragments of qualtz SChISt meta—chert and volcamc rock
(rhyohte") are sometlmes contamed ,'
Texture snows grain- support packmgwgram-suppmt with

o mterstltxai mafrlx packmg

Th1s quartz ax emte is smulal to the subarkose sandstone descnbed
m @ in view of its 11thofac1es and accompamed accessory lithic

- fragments, but is (h_ffexent in that it contains almost none of the
accompanied feldspar. This may be correlative with the @ group.

gAgli;éx"ﬁat'ilrig' Groupof Quartz Arenite and S_iltétone o

“At the west side of the central plain, the alternating beds of quartz

' aréniﬁe .and siltsone are:distributed in the gently sloped mantled
. piedmont zone, from Pirayu northward as far as Aregua via Ypacaral, in

i Ca NW- SE‘ direction, mth an elevatmn less than 150~100m ahove sea

h level

N ear Plrayu hthofacms show alternatmg beds of sxltstones, in spite

of detalled occurrences whxch are obscure due to poor out cropping, and
‘are mined for ceramic raw mater;als_m small scale.
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At this spot, beds of (D micaceous sxltstone, reddish brown to orange'
in color, and friable to powder and @ siltstone or quartz aremte, of hght
‘gray in color, and friable in plates, are observable, P
The former has a sheared zone of & N-8 dizection and a small scaled
folding str ucmre and strikes NSOE and dlps 40°toNW. SR

The latter strikes N to § and dips 60° to 70° W and has a Well-
developed bedded structure The unit bed is soft mltstone containing thin
hematite bed and has a thlcknest of 3~15cm. These szltstone beds are

objects for mmmg

The prmapal mmeral of the mlcaceous sﬂtstone of @ is s;llt-sxzed _
quartz grain, accompamed by muscov1te (11111;9‘?) tour, ma!me and zircon

a8 BCCeVBOLY minerals.
: Kaohmte, rutue, hematlte and hmomte are recogmzable as altered

“minerals. :
‘The gram size of the quartz varies from 0. 02 to 0. Oﬁmm, and the'
quartz is relatwely well sorted and subangular to angular -

Clastxc ‘grains are mamly composed of sxlt.-sxzed quartz and the
preferred orlentatmg muscovite w1th mtersectmg ang‘les of 135° (457
scattered throughout opemngs

The soft siltstone beds of the same quahty as @ are mmed by the
open pit method as “Caolin” for brick and tile makmg at Cantera Santa
‘Teresa and Cantera Itaugua, northwest of Yparaxal ‘Many abandoned
small scale open plts for Kaolm are located between Ypacarai, and
_ Aregua

At these upen pits, the’ fcrmatlon is on the’ whole composed of
mlcaceous sﬂtstone with the basal bed of quartz aremte, however there . |
remains possibility of alternatmg relatmn - : |

Siltstones have conmderahle color varlatlon hght gray ~ye110w'
orange~grayish red and so on. The original color is hght gray but varxes '
. to brown duetoplenty of hmomte REER S

Frequent mtercalatmns of thm beds of hemati.te-rwh sandstone are
observable, ' ' : S
The total thlckness contmuously exceeds 20 meters, The quartz:
~ arenite often strikes N30° to 40°W and dips 10°~20°8. The szltstone |

generally strikes N30° to 50°W and dms 5 to 30°SW e |
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_ 'I‘he prmclpal mlnel al of quartz arenite is quartz, accompamed with
' tourmallne and zu*con as accessory .
) Muscewte, semclte hematlte, limonite and kaolinite are
o recogmzable as altered mmerals '

" The gr am SIZB varies from 0. ~0 Smm and the grame are well
: sorted and sub1 eund.ed to rounded '

The prmmpal minerals of sﬂtstone are muscov1te (1111te) and some
7' clay mmerals Accessm y minerals ale quartz, and limonite, hematite
B w1th kaolxmte ('?) as an altered mmeral Clastlc partlcles are composed of
muscomte, altered tminer al such as limonite and a httle quartz

ThlS sﬂtstone, mlxed wu;h the graylsh black~derk browmeh exlty

o . -clay sedlments excavated from the swamp near Ypacaral are utlhzed as

eeramlc raw matemals

o Accordmg to the X-ray analys1s, quartz, _kaohmte and a small
: | _anount of 1111te have been detected even though thelr quantltatlve ratio
s obscure ' '

In thls survey, fossils of Eecoeha paraguayensis (HARRINGTON)
and poorly preserved Orthocerotid indet. were obtained from the
sﬂtstone bed of an abandoned epen pit 6Km northeast of Itaugua

' The former belongs to Brachmpoda and the age given by thls fossil
lndlcates the early leunan (Llandevenan) o :
In the above mentioned bxbhography, the correlativeé group with
o ‘thls a}.tel natmg group of arenite and siltstone is reported to yield many
4 kmds of foesﬂs and is 1dent1fied as the Ttacuribi’ group of the early
o Sﬂuman age andisalso subd1v1ded into three fermatzons .

| In this survey, the mutnal relatmnshx p between the three
o formatmns and the relatlonshlp w1th underlymg formatlon have not been
! eonfixmed as they were made mto one “alternatmg group

_ 'I‘hls group is charactenzed by the presence ef many fossﬂs and 1ts
-'mlcaceeus rock - facies, and’ also is remarkably softer than the Paleozoic
“gtrata in Japan and snmlar to the siltstone bed of Neogene Tertxary age

| '“mJapan
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2.3.4

Conglomerate-Red Arenite Formation

This formation is widely distrzbuted on the West sule of the study
area, mainly in the Yuguyry basin, the west shme of the Lake and seuth
and west of the Cor. de Yaguaron. Fur therm,ore, this seems to be widely

distributed heneath the swamp zone, north of the Lake

This formation is composed of conglomerate and aremte On the

whole, the underlying bed is conglomeratic and the cverlymg is quartz

arenite thh a characterlsmc color of reddzsh bmwn Aremte beds-
sometines contain the mterca}atmg gravei beds

- Type locahty of conglomeratic hthofacxes are obseivable at Cerro
Per6 of Paraguam Cerro Patifio, SE of Aregua, and Compania Salado,
down stream of the Salado River and § s on. (The zene of canglomeratm
lithofacies is sepm ately shown in the geologxc map)

Gravel is composed of arkose sandstone, quartz schlst and quartz-

| aremte derived from the conglomerate- sandstone group of 2) and of -

siltstone, sthﬁed sandstone and black igneous rocks, It varxes from
granule to boulder of 0.1~40cm in diameter and angularnsubangular-

subrounded in shape

The type , dlameter and swarmmg tendencms of gravel are
variable, in accordance thh the locatmn _ : L

At Cer o Per6, however, conglomeratlc hthofacles 1s obsewable at
elswa.tmns exceeding 50 meters. At the I@wer homzon boulders (i in many
cases they are altered to decayed gravel) swarm and decrease upward in
diameter and swarmmg The matrix is composed of f" ne~coarse quartz
sand and clay minerals. L

Red Aremte is composed of cIastxc part;cles of quartz and shows &
fazr variation in the degree of sorting, grain size and contammatmn by
laterite, Only the general situation was shown in geolcglc map due to' '
difficalty of detailed strict class1fication o

- This bed generaliy presents a hght~dark reddlsh brown color and '
varies lithologically from hard to compact to saccharoxdal and fmable. -

Weathered parts a,how charaeteristic redd:sh brcwn by }atemzatiozi

‘and present a color symbolic of the Yuquyry basm '

Its sirikes are hard to measure due to mauor masswe lithofacies,
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though its dxps ar e nearly horizontal, - o

Topographically, this bed widely occuples the gently undulating
hilly area, thus the hlghest degree of land use in the study area is as
urban»aﬁd cultivated area, N

- The area for th1s gr oup seems to have suffered drastlc washmg out
of surface soils due to meager vegetatlon cover. The thickness of soil and
‘weathered hotizon show very 1rregular variation from several meters to
Zero, exposmg base rocks in places.- '
N Open pltS for gravel collection are observable in places.

- The results of microscopie observatlon are con:lpxled as follows .
" The prmclpal mineral of this quar tz arenite is quartz. Accessory h
' mmex als are commonly apat1te, mrcon and tourmalme, and also biotite,

o muscov1te and some opaque minerals are Iecogmzable ‘Altered minerals

- are m general limonite accompamed frequenﬂy by hematlte kaolinite

and muscowte Quartz schlsi; is common as a lithic fragment
The grain size varies from 0.2t0 0. Smm the grain has a degree of -
sortmg change from poor” to ¢ well", with a subangular -subrounded
shape, ' o | |
' This rock is generally poor in matrix and shows texture of the
grain-support type, and also hag very dir ty appearance due to scattered
| hmomte In the downstream of the study area, its matnx parts increase,
'to some extent to quartz wacke~11ke faCJ es..

- 'Drilling data at SENASA reports as follows:
At Pirayn POZO (well1:  Arenite continued until 68m below
.+ .. groundsurface

| At Pii_"ayu POZOZ ' 3 ) 'Afenité cootihued' until 65m below
: ) ' ground surface and then converted to
“ROCA TGNEA (Lamprotldo) COLOR
 OSCURO (Supposed to be a member of

gramte porphyry of basement rock)

At Lali'relty,'Czipi_ato'_' 1T Arenite up fo. 145m :

TiauguaPOZO2  :  Arenitouptol3bm
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2.3.5

Ttaugua POZCS3 - Areﬁiie up to 135m -
Aregug POZO 2' o | Aremte ‘upt() 50m .l __ ;
Caacupermi POZO 1 Aremte up to 9(}*11

3 In any case ex:stence of aremtp 1s repoz teé |

. According to the above mentloned blbhography, thls formotmn is
correlative with the Patifio formation, _thﬁugh unsolved problems stlll _

remam

IgneousRocks -

Igneeus mcks are found at places Jn smal] scale m the study area
The conglomerate—sandstone group of (2 3. 2) hasbeen mtruded by aImass

_. of gabbro at Cerro Santo Tomas, east of Paraguan This gabbro body is
black and very hard and is quarrxed for matenals for road pavmg

This rock i 1s composed maml}f of clmopyroxne, bmtrte plagmclase _
and ohvme apdi is aecornpamed w1th apatxte and opaque mmerals . _
The time of intrusion has been ¢stimated as between the Jurassxc 5

and Crei:aceous ages.

Ve1 ¥ umque small rock boches are: found at Cerro Ccu and Cerro.
Chororx, 1Km west of Aregua In these places, very excelient and well
developed columnar gomts of pentagonal or hexagonal proﬁle of several E
centimeters, are formed i inthe quartz arenite bed of (2 3 4), and suggsst _
an apparent dyke intrusion. But accordmg to nncroscopxc observahon, '
this rock is composed of ﬁne~medxmn sized sandy maberxals Whlch are ,
in turn composed of well-sorted quartz grain wﬁ;h sawteeth—hke z'u:ns | _' _

Occurrence and: genesis of such a matersal is very hard io

" understand accordmg to geologic common sense Tn thiS repm‘t thxs rock

is onIy d;scribed as very abnormal sandy materxals”

Smnlar rocks of hexagonal columnar joints also are found at the

© quarry inSan Lorenzo and SKm east of Luque, and to be in close relauon

to quartz aremte

Accordmg to the micr oscapm abservatlon, the prmclpal nuneral ef
this material is quartz, with aceessory mmerals as zircon and

| bourmalme Hem&tlte, limonite and kaolinite ag altered mmerals, and

I—28 "



' quartz schlst as hthw fragment are recogmzable
| ::-Quartz grame are 0.1~1 Smm in size, moderately sorted, poor ly altered
~and subrounded, Characterlstxc is that the secondary growth of dirty
: =s:zvvnr’teeth like quartz or zeolite (‘?) is obser vable arcund the quartz gram
i and that alteratxon of quartz grain is recognizable to some extent.

Thxe phenomena is consxdel ed the recrystalhzatmn of acquaucally

o solved §i09.

Plentiy of hmomte or kaohmte (?) are also observable in the matrix

i matter

The columnar _;cmts of t}us materlal are clearly coohng Jomts and

. are not formed by consohdanon or stress. .

hxmtence of round and clastlc 21rcon and tourmahne demes that

' _53111c1ﬁ"at10n process converted the colummar gomts of volcanlc rock to

- preeent

' such materialg,

Peuologmally, it is very 1nterestmg but 1ts genems is unknown at

At cerro Cox and Ceno Chm ori, thls matenal seems to be preserved |

as ‘the natural monumenf, however at other quarrles, is mined for road

: pavmg matcnal

2.3.6

- Unconsohdated Sand Sllt and Clay Sedlments

~This'group is extensively 'distribu’te‘d in the central plain 'zone. :

_ E:-;;ncludlng the Lake, Whlch is. 65Km long, 5~8Km wide and of a flat 5°
- igrade. : :

. Inthe Plrayu basm upstream of the Lake, the plam is composed of
sandy~s1lty unconsohdated sediment which is constituted mainly of

_; qual iz grams, is wet and is covered by gress Outsuie of par tlal land use
" as farmland and coconut forests, mostof it is used as pasture.

Many round: shaped ponds, less than 200m in d1ameter are

-'scettered on’ thls plain. Even though thexr genesas is obscure, some of
thein are linked by small channels and suggest the existence of former
;channel traces o :

Many ml(:lo geomorphlc surface and remnant streams are

f__‘recogmzeble on the plam by a,ll‘ph(}tﬂ mterpretatxon and are supposed to-
_ have been smoothed and burled by repeated flood eubmerexon

ey The eetlmated thlckness is lm and 80 on and in many cases,

'_*underlymg weathered alteled aud flat pan derxved from the
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conglomerate formation forms aquiclude.
At the piedmont area of the Cor. de Los Altcs, dlssected waste filled

valleys have been formed by many trlbutames of the' Plrayu They slope
to some extent and form talus or small scaled: fans, Many of these
tributaries have no surface run-off and little debris supply at ordinary
times. S L B :

The p1edmont zone of Cor. de Yaguaron, in western mar gin of the _
study area, has undergone: sheet erosion and gulley erosion owmg to
meager vegetatmn cover, the front-margmal gently-sloped ‘mantled
| pedxment form an: interfingered complex micro topography with little

relative height to the plam |
-Along the main stream of Plrayu, 4 zone of sedxment ab(mnds

' graylsh black~da1k brownish silt~clay conposxtwns and is dxstrlhuted
slenderly and thwkly, though details are chsciire. o

- The shore of Lake both on the east and west sxde, is composed of
sand, which isin turn mami v composed of well sorted quartz grams

In the large part of the swamp zone in the Saiado basm
downstream of the Lake, the detailed character of sedxment has been
obscure, though mostly is estimated to be composed of - grayzsh
bl ack~dark brownish silt~clay-rich planosol : '

The river beds of the Yuquyry and its main branches show dxssected '
flat dish-like shaped profiles. River bed deposits abouna in graylsh
black ~dark browmsh 311t clay composmen and are mmed for makxng ‘
bricks. '

According to X-ray analysis, this sili~clay material contains silt-
sized quartz grain, kaoline minerals, illite and montomomllomte gmups' '
and shows a character similar to that i in the Plrayu basin, - o
These components show effect of red arenite formatwn, besides the.
siltstone formation mentmned in (2 2. 3)

The present dlamage pattern eIevatmn and clmtrlhutmn of
siltstone beds in the Yuquyry basin’ make it dxﬁ‘“ cult to ccnsxder that
large amounts of component of sﬂtstone are able to be transported‘
dxrectly into this basm As the genesxs of thls black sxlt»clay seems to
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have a cio{se connection to the genesis of lake bottom deposits, a future
" study concerning this is desirable.

The unconsohdated sedlment mentloned above 1s Holocene

,"_bedlment produced and accumulated through the repea’ced process of

erosion, dissection, transportatmn, sedlmentatlon and re- dxssectlon of
geologlc beds and debms S

Refemmg to the blbhography, the above mentioned results are
: compﬂed and shown m Table Si.2.2 as the stratigraphm order of the
study area.
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Mable §1.2.2

Stratigraphic Order of t}ie Study Area - =

_ L Ma
Quaternary - [ : - : 9
Cenozoic Sand, Silt & clay T
Tertiary ' . :
: _ _ " 65
Cretaceous Conglomeratc-Red Arenite o
Taceeus ) . , . : 141 .
Mesozoic Juraésic. I Gabbro o
' ] : Vgl 195 4
: Lnnd :
Triassic ) -
- (Sandstone) 2 25_ -]
Permian ' A
280 .
- P
Carboniferous .
: 345 J
Dévonian o
395
Paleozoic | Silurian
" Alternation of Quar!:z Aremte
& Siltstone N
- — -1 435
Ordovician i E _ ) S
: guar_tz . Conglomerate Sub- Arkose - Quartz
(| Arenite Sandstone Arenite .
: 500 .
Cambrian _ ‘
i — e 600
) Granite o .
Proterozoic Porphyry Qranite Quartzite
2.4 Geologic Struciﬁl*e

Aga general descnptwn of the topography and geulogy of the study-
area, ‘the alluvial moorly flat plain, which is 65Km long and 5~8Km
wide, is elongated in the direction of NW-SE as the centrai zone,

Along the NE side of the plam the conformmg suceesswe, Paleﬁzoxc
conglomerate~sandstone strata, which are older than early- Silurienin
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o age, are dlstmbuted in the same direction and unconformably overlie the
: ‘base rocks of Cambr1an~ear1y Paleozmc granite and quartzose

o metamorphie rock. : - -

The strata Stl‘lkP NE.- SW and dlp SE or NW gently

Topagraphlcally, thls area is of Paleozoic strata which constitute

: L ; the dxssecte,d front margm of the Cor. de Los Altos, and also shows some

charactemstlc Inserherg. A o :
_ At the southern area, the Paleozolc st1 ata are ohserved successively -

'=5from the undel lymg bed to the overlying, and the former is overlain
b northward by the alluvial sedlments of the plam =

C Along the N W mde of the plam the relatwely upper zone of

-'Paleozmc group is elongated in the' dlrectmn of NW-SE as the marginal
zone, however the magonty of the- bed is overlam with the red arenite
group of post—Cretaceous 1n age, presentmg a hllly Iandfmm

" The Paleazoxc group stl ikes N- 8 fo NW-SE and dlps 10°t0 60"
southwestward G e L

- The red aremte beds are estxmated to be almost honzontal flat

_ In the NW Slde area, near Paraguari, the base rocks are considered
to be- gramte and metamorphlc rock, and the same on the NE side by the

_ dn}llng records. However, for the most part,; the base rock is obscure due
' to' overlaylng by the red arenlte group, whlch ranges up to 13(} meters in

o 'thxckness

_ Near Ypacaral the porphyritlc rock of almost the same age as the
- gramte has been recorded by dr xlhng, t,hough it dxstnbutmg range could
' be lnmted ) = :

Accordmg to the auphoto-mterpretatlon, 1n the area. of Paleozmc
-group, on NE side of the study area, many hneaments of WN W-ESE NE-
SW, E-W, and N-8 dxrectwnq are recogmzable, and each ‘tmbutary shows
_‘_;the same tendency _ C - L
 These patterns, on the Whole, are assumed t;o be due to the echelon
fault syst;em though most of them are unconfirmable B
“The largs scaled fault controllmg this echelon system is not
‘ tracable on the ground but may be elongate under the plam, 1f it does

B 'exlst

In the area of Paleazmc group af the NW mde the fault system is
. _dlf’f‘icuit to. assume due to its narrow width. However, the Cor. de
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Yaguaron seems to he dmded into some blocks by mumr faults in NW SE

and E-W directions.
The red arenite format:on is howeve1 gener al},y masmve and shows

scarce photo hneaments |
The dr amage pattern of the Yuquyry, the arrangement cf a unique
‘rock of hexagonal colummar joint, suggests the exmtence of fau.lt. system

of N WvSE and N- S dxrectmns

F‘m thex more, the main channel of P;rayu is elongated m a btraxght
line in the direction of SW-NE, from Paraguam to the Lake and along this -
is a grayish-black clayey zZone. : :

Considering the topogz aphic and geologlcal ch ar actar;stxcs :
mentioned above, which are summarized a$ -

Large scale trend in the direction of NW-SE.

Depresswn of the central plain - =
Difference between the horizon and dip of the Paleozmc g‘roup in the

NE sxde and that of the NW side of the study area-

R -Posxbﬁxty of the existence of an echelon fault system.
Tt can be considered that the genesis of geologlcai structure of the
study area is O graben andfor @ echelon fault sysbem follewed by
gelective erosion. : C

However, the mterpretatmn of @ is easy 'r.o be accept&d

topcgraphmally, but large scale subsidence or graben is hard to be
- considered geologically, as the elevatmn of tap honzons of the base rocks
show almost the same level of 100m above sea level at the. oubcrops and
from the drilling data in hoth east and west suie, and as the conglomerate
bed is distributed under the central plain and the blg fault boundmg; the .
plain zonie and the mountamous zone is difficult to be cansxdered

 However owing to a lack of evidence of existence of the base mck in
and under the plain; the bottom of lake and the downst;ream area, a
definite conclustaon must be Foser Ved S

- From the view pomt of @, it is possxble to suppose a faxrly large-
‘scale fault zone af the central part of present plain because of the'
distribution of Inserbergs near Paraguar.! the elongatlon of clayey zone:
along the Pirayu, the existence of intr uded rocks at south of Ypacarai and

the records of Pirayu Dmllmg 3 and so on. SRR ' .
It is considered that the fault zone was formed and result;ed in an |
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- echelon fault system and the progressmg of the erosion process along the
. Branch fault. -

Narnely, the main stream of ougmal Pir ayu was deepened and

widened gr adually, and erosmn proceeded along the branch faults and
‘the Jomts to upper area, r esultmg in slope retréatment and the falling out
of divided fault—blocks After the 1epet1t10n of such a process, plateaus
‘which must have dominated the land were worn away until a nearly level

plain resulted. -
Profiles of the slope of NE side and emstence of Insezberg may

: support; the above mentmned idea of @. .

A steeper dxp of the western Paleozmc strata than that of the
eastem may suggest a str onger. fault movement on western side of the
main fauit than that on the eastern 7 :

Dlstributlon of the upper zone of the Paleozmc group on the western )

~ side mdy show that the main fault wasa hmge faelt Namely, though the
e top homzons of base rocks are on the same level at the upper stream area,
\ deepemng possﬂnhty at the down stream on the west Slde stxll remains.

At any rate, no eoncluswe results regardmg the subsurface
geologlcal structure have been leached in: thls survey. It is desu'ed to

- confirm thls by the fest dmlhng

When the afte1mentmned ground water survey is put into effect,

___'tthe genes1s and process of formatlon of the Lake will be revealed,
_ _especlally by 1dent1fy1ng of the depth of the base rock in the northern

area of Pirayu. and Ypaeaial the Lake bottom and the swamp

L downstream

| .Pi‘oblein’oReihaiﬁin:g;UnSOlved

" Some questmns still remain’ unsolved in thls survey and are as

' follows E‘uture solutzons are de31red

" (1) : On the problem of the fo’rmatmn process of the'cexitral plain, even
: though. one of the: ahovementioned theories could be acceptable, the fact

is'a huge quantlty of eroded debns must have: been transported by

| streams, but. considering the catchment area and the scale of streams of.

the present Plrayu, it is hard to suppose 50 strong an erosion agent
present in the original Pirayu.
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It may be considered’ that the. omgmai Plrayu Was big rwer
elongated southward of Paraguan SR :

- (2) . Durmg the formahon process of the centl al plam a large quantlty-
of gravel (quart tzose munded gravels. derlved from the conglomerate ,
' formation) must- ‘have been hansported but almost 1no gravel is
observable at present txme on the plain, the lake bottom and the swamp,

This isone remammg question.

(3) Ther eason remains undiscovered why the Ied aremi:e gronp, whlch'
is distributed w1dely at the west side of the study area, 1s not observable
on the central plain and in the east side of the study area. Thai: is to say,
the sed1mentary envil onment and the aremte provmce are unknbwn,

This is important when Lonsxdermg the mechamsm and permd of
the formation of Liake, o

- The red: arenite gr oup shows mdxstmct strat;graphy due o its
masswe lithofacies, and | as it has a possﬂnhty £0 overhe the
- Trxassm~Jurassxc MISIONES sandstone formation’ (after the
b:bk@graphy), careful observation and Judgement of core samples are
desired from fu ture drﬂhng

(4) . The origin and the genesis of the blacklsh clay, whxch is observable
at pomts in the riverbed of the Yuquyry, are alsu unknown. ‘ :

o Under the present topographzc cond1t10ns, mﬂow of these materlals
from the catchment of Pirayu is unconszderable but the topographlc
" condition in relation to the past on a geolchc tlme scale ave ebscure

The Yuquyry basin is supposed to have been formed from the m}ﬂts
under the stagnant envir onment during the hlgh water level stage of the_
old lake. :

The clay mdteuals, 8s weH as the Iake hattom depomt.s should. be
further studied in detail. s

“(5) " The genesis of the “very abnormal S'a}ndy' materials”, charéctemzed

~ by their columnar joints with hexa gonal proﬁle, which are found at Cerro |

Coi and Cexm Chorori, is alse pe‘tmgraphmally unsolved
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3.1

.Japan

CHAPTER 3

SOIL |

Geh’eral DeScriytian of the Field Survey .

The field survey was performed at locatlons selected based on the

2 -'pz ehmmary survey of landform geology, vegetation, 1and use type and

the prehmlnax v alrphoto mterpretatlon

In the second field survey, both the test pit (a trench of about 1m in

- depth was exeavated for observation of soil profiles) and the auger bormg

(the subsoil of apprommately 1m in depth was studled by the use of a

' L_hand auger) methods were employed.

Sml samples collected from each éémplmg pomt were analyzed in’

In accordance Wlth the resultb of analysm and second a1rphoto-

| mterpretatmn, the soﬂ map was prepared

The number of survey pomts for soilis listed in Table §1.2.1

Table Sl 3.1 Number of s survey pomts for soil -

Test plt Auger bormg Ana!yz&d sample

1988 | 62 | 18 BT

The items studied at each test pit in the field are as follows.

(1) Horizon

" 8ol 'horiiéné were" classified By the difference in soil color and

té_x_tur’e,’ ete; and the depth of each horizon was indicated..

.{2‘) ' Soil texmre“

The “soil texture was estlmated by a finger- analysm and the

esi;lmatmn wis checked by the gram size analyms '

B (3)" SOI.} color

 The s_tandard soil color chart was used and tﬁe soil color was -
expressed according to the Munsell notation system.
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3.2

 {4) Mottles

The Iiatt'ern was observed and the 'pelx_'ée‘ntage of mottles was

indicéted.

(5) Gley

1t was determined by the soxl color (chroma) and the }ocatmn was

indicated,
&) Ii[umus '
It was exammed mamly by the soil color

(7) Mmsture (seepage sur face)

Mozsture wasgudged by the hand-felt OF mesh of sml cluster The' :

depth of the seepage surface was also rocorded R

(8 Stlckmess SR e

- 1t was classified mto thl ee classes, {none, moderate, hlgh) hased on '

a hand-felt analysis,
(9 'Compactness

It was measured by use of the Yamanaka-type smi hardness
eqmpment and expressedmmm S _

(10) Other

Other remarks, if any, were rect.’:-rded : -
~ Results of the grain size analysis and the tmangular dlagram of sml
texture are shown in Fig, 1.3, 1,51.3.2. :

Soil Classiﬁeation

Samp.led soil was classxfiecl accordmg to the classification: system by
the FAO/UNESCO*. Soils in. the study aren were classﬁied mto four

 major groups as listed { in Table $1.3.2
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R Tahle §1. 3 2 Soil clasmflcatmn of the study area

o -Ma]or Group * Subd1v1s1on of Magor Group

1 Lithosol -} sub—type 1, sub-type 2

12 Acusol - ' '
1 (e ed—yellow podzohc 8011)

|3 - Regosol :
14 Planosol

N '*:Deﬁniti:onfsfﬁfsﬁil“'n'its- - after FAO- UNFSCO Soil map of the World
R . volumelLegend UNESCO 1974

thhosols (L) Soxls whmh are lnmted in depth by contmuous, coherent,

T hald rock thhm lﬂcm of t.he surface,

Acmsols (A) Smls havmg an argllhc B horlzun w1th a base saturation of
'less than oO percent (by NH, OAc) at least in the lower part of the B
~horizon Wlthm 125¢m of the surface Iackmg a mollic A horizon ; 1ack1ng
an albic E horizon overlymg a slowly permeable horizon, the distribution
| pattern of the clay and the tonguling which are dlagnostlc for Planosols,
: Nitosols and Podzoluwsols respectively ; lacking an arldlc mmsture

reglme

- Regosols (R) Soﬂs from'uﬁéonsolidated'i ﬁlaferials exélusive of 'recent
alluv1al dep051ts havmg no dlagnostlc horizons (unless buried by 50cm
‘or more new mateual) other than an ochric A horizon ; ‘lacking
Ehydromorphlc propertles within 50c:ni of the surface ; lackmg the
) | characteristics wh1ch ale dlagnostm for Vertlsols and Andosols ; lacking
:"'_hlgh sahmty when coarse textured lackmg lamellae of clay |

o accumulatmn features of camblc or oxic B homzons or alblc material

__ whmh are eharactemstlc of Arenosols

':Planosols (W) : Soﬂs havmg an alblc E horizon ovezlymg a slowly
o permeable horlzon within 125em’ of the surface (for example, an argillic
. or nafric B horlzon showmg an abrupt textural change, a heavy clay, a

| i fraglpan), exclusive of a spodlc B horizon ; showmg hydromorphlc
propertxes at 1east in apart oi‘ the E homzon '
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3.3

3.3.1

3.3.2

Dlstnbutmn and Characteristicsof Soil Types

The dlsi;nbutmn and chal acteust;lcs of sml in the study area are
explame_d below. The S(_nl map is presented in Fig. 81, .3,.5_ 3 _

- LithoSOl-subtype 1

Tlus is present in the study area’s relatlvely highly elevai:ed places -

and steep slopes in discontinuous distribution.
- The distr 1but10n is between Par aguam and the east s1de of the e.tudy '

area on the steep slope of the front mar gin of the plateau exceedmg a

| 200m elevatlon in the Cord. de Los Altos and the west side of the study

area, on the steep slopes exceedmg 200m in elevatlon, in the Cord. de
Yaguaron and the hills centering around Cerro Patmo Genera!ly, the
vegetation is well- preserved. Much of it ongmates from Paleozmc
conglomerate, sandstone and newer conglomeiate The soil layer is
qhailower then 50cm and often there are outcroppmgs of base rock

’{’here are steep slopes, however because of’ hard base rock and

o vegetation covering, erosion is comparatively difficulf. Hencefoz th, the

scope of consideration will be for vegetation protectmn

Lithosol-subtype 2

Thls is distributed i in an area wh1ch lies from the plateau~-h111y-
area on the east shore of the Lake, w1th San Be1 nardino as center until
the hill extending to Emboscada

“The San Bernardmo area was orlgmally covered w1th vegetatmn,
however housxng development and its ensumg road nebwor k have lead to |

remarkably progressed felhng

- This type consists of Paleozoxc age coarse sandstone, however'
surface erosion is strongly active. The soil layer is shallow and in many
areas there are outcroppings of base rock, In torrent;lal rains, there is -

-extrusion and it is thaught that the amount dlrectly enteri ing the Lake ig

large.:. '
_ Thele is qmi;e a bit ofshrubbery thhln the d:ssected plateau hlliy
land betWeen San Bernal ding and downstream at meoscada ] '

In the sub-type 2 area, small quarrles, where baae reck shnws well
developed bedding, is excavated for bulidmg matenals in numerous
places. The resulting area, whele vegetaﬁlon has been cleared is
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expanswe :
As. regards the 6 samples of thhosol type, the pH ig 4 04-6, 82 mth

L : the average at 4.93, ehowmg astrong acid characteristic,

1333

Baseo on the grain size analys1s, the various soil texture

.percentages are sand at 70- 95%, sili, at 5-25% and clay at 0-10% and
| :sandy with most of the concentxai,lon bemg in L-ES-SL range (Fig.
- 81.3.1, F1g8132) '

Acnsol (red yellow podzohc soﬂ)

Thxs is usually wxdely distr 1buted on generaily gentle elopes, in the

-~ west of the'study area, over the better part of the Yuquyry basin hills and

over the Cord. de Yaguaron pediment and in the east of the study area,

‘over the Cord. de Los Altos pediment. A unique reddish- brown soil color
s pl esented,

In the west the soil is constxtuted of Post Cretaceous age
conglomerate beanng red sandstone and m the east of Paleozmc age

' _' conglo -sandetone

'Rec’ently in the Y'uquyi'.y"baein urban and industrial building have

' 'progreseed taklng the place of conventional farmland. This zone, having

long been used as far mland or:gmally is of meager vegetation covering,

el however has r eached a state now where soﬂ erosmn ¢an easﬂy occur,

o Bk I_n:the pe_dl_ment zo’ne betv’veen -Plrayu and Parag‘u_am, vegetatibe
clearing has progreéssed and the zone has been transformed into
farmland Topographlcally, the front margin of the pedxment shows

| str ongly active surface and gully erosion.

From Plrayu to Ypacarm and Aregua, the base rock is partlally.
f‘ormed ‘of weak and soft silt stone and there are many places where

“Kaelin” is or was produced It is strongly suspected that from this
'stl ata in the past the Lake was supphed with fine partlcles of sﬂt-clay

Extendmg from downstream of the Yuquyry to downstleam of the

'f'fSa}ado ‘areas. of gravel collectxon and those showing traces of it, are
B hxghly abundant The collection is from the gravel bed in the base rock"

and is, for the most part, never followed by vegetatlon restoration. The

R thhosol as well as the baee rock are Ieft in an exposed state and surface
"'soll extrusmn is also mtense " ' T
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3.3.4

The pediment zone in the Cord. de Los Altos also lies deeply within
& wide, dissected valley, which is thought to have been supphed by a
large amount of the debrls, resulting from the fm mer pedlment erogion
recession proeeqses S '

This Acrisol Jayer thickness is extremely irregular.” From a Sm
fertile section, almost all the surface soil has been Washed away, _

resulting in abundant base rock outm oppmgs

The 13 samples of Acrisol type has a pH of 4 46 6 32 w1th an'
average at 5.10. The soil texture per: ce.ntages are sand at 60- 90%, silt at
10-40%, clay at (-15%, lying within the wide scope of S-LS SL—S:L Wl'ﬁh }
the silt clay portion richer than the Lithosol (Fzg Sl 3.1). o :

Regosol

Thls is in wide distr 1but1on in the P:;rayu basm in the upper reaches

of the Lake and also disty ibuted in the lowland along the western shore of -

the Lake and in the mar gmai zone of the swamp ‘at the downstream side
of the Lake., S . S
~ In the Pirayn basin, generally the base conglomerate hed and :
coarse sandstone bed lie as an altered impermeable layer whxch results
from weathering and gleyzation. Above thlS a lm thick layer is mostly.
horizontal deposits of sandy, immature soil, ‘ -
The thickness of deposit in. the 1ower reaches of the Lake 1s

unknown,

This Regosol has hlgh moisture refention, whlch results in 10—200m. |
diameter ponds exxstmg throughout Iowland zones, :

Upon the micro- rehef~natu1 al 1eVee along the }owland trlbutary
courses, continuous river-bank forests are abundant. Also upon micro- -
relief is 1solated forest cover, however this results in natural wet.
grassland COVeI‘ed by grass-like plants throughout most of the. iuwland
Thxs mostly used as pasture. . . :

- On the Lake’s west side, recently summer house and resort faczhty
devalopment has progressed : - '

_ The area whexe Regosol ig dlstrlbuted is ﬂat Iowland thus there is
no drastic erosion. However as tmbutaly beds are fairly hard aqmclude, |
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