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ABS'I'RACT 

Climatic conditions make the fluvial processes very sensitive in the extended flood plain of sulxindean basins, giving typical 
morphostructures. because of high subsidence rate, Illese basins w e  case studies for lhe understanding of neotectonics iii sulisiding 
basins. 

Recent and ancient fluvial traces are  used in combination with sub surface structures, nrotectonic and seisrnotectonic data to study 
the neotectonic evolution of the Peruvian and Bolivian active foreland basins. lhese basins, the Rlaraii6n Ilasin to (tie nortll and (lie 
Beni Basin to the south, are located near the ends of the Peru-Uolivia Andean segment. Small rivers in the basins Ii:ive unclerfit 
patterns and represent abandoned belfs of the large rivers. Using successive abandonment of Ifle river fraces, if is posible IO identify 
successive shifting of the large rivers, up to their present position. 

In the Maratï6n Basin the Ucayali River and its ancient courses are first controlled Iiy the front of Aric1e:in structures, tlieii the 
rivers turn sliarply to the east, flowing parallel lo basement and neotectonic faults. In the Ileni Uasin the tieni River and Itio Grande 
are  cliaracterized by an anti clockwise shifting, related to rising of flie craton margin and block tectonics in flie basin. 

Two different styles of deformation of the basin surface are  inferred from lhe comparison Iietween lhe fluvi:il network arid (lie 
structural dala. 1- Near the footli¡lls (proximal part of the b:rsin), rivers tend to be niainlainecl along flexur:il o r  piggylmk 
depocenters formed by the ongoing Andean clefornialions of 1Iirust :ind fold I)clt style. 2- In  front of the tlirust :inil Told I ~ l t  (tlisl:ll 
part) b:isement structures control the river network. 'I'liis strur1ur;il control suggests Ille re:ictiv:ifioii of tlicsc Ii:tseiiieiil structiircs, 
before the area is eventually incorporated in lhe belt of Andean deformation. 

Tlie arcas of active subsidence iti the subandean regions !ire 
interesting for two points: 1- they are characterized by a structural 
setting related to the ncotectonic evolution of the foreland regions 
since the late Tertiary. and 2- climatic conditions make tlic fluvial 
processes very sensitive, giving typical morpliostructures. These 
basins are case studies for Lhe understanding of neotectonics in 
subsiding basins. 

A symmetrical neoleclonic pattern of the subandes co~ilrols the 
drainage network. 

The Peru-Bolivian Andean segment trends NW-SE bctwccn thc 
Huancabaniba deflexion (north) and tlie Bolivian orocline (south). 
Two sub segments. a NNW-SSE "Peruvian" segment to tlic north, 
and a NW-SE "Perii-Bolivian" segment to the south are apart from 
the Fitzcarrald Arch, a structural interfluve trending ENE-WSW. 
Tlie Fitzcarrald Arch splits the east-Andean drainage in two parts, 
tlie rivers flowing respectively north to tlie Maraiión ßasin and 
soutlieast to the Beni Basin (Fig.1). Betweeti tlicsc Iwo Jarge basins. 
tlie other foreland basins are narrow and elongated near the front 
range (Ucayali and Madre de Dios Basin. respectively). This feature 
is related to tlic rising of tlic Sierra de  Moa by tlic end of the 
Tcrtinry. This cliarigc i i i  the -:tructur;il cvolutioii is iiitciprctctl ns :I 

conscquencc of a flat s lab ibductioii beneath the ccntral Peru 
(Jordan ef d., 1983). 
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Neoteclonics in subsiding Ixisins: surfiire c1erorm:ition versus 
externiil processes. 

External proccsscs are  doniinatcd by a wet tropic:it clilil:itc 
gcncr:iting activc fluvi:il proccsscs. Al Ihc outlet of  11ic Sii1i:iiidc:iii 
basins toward tlic ßrazilian craton, the upper Arii:ixoli Kivcr i i i  

Iquitos and the Upper Madeira Kiver i n  Guaj6 Mirini arc already 
among lhe largest rivers on earth (Guyot 1997) coiilriliuting 15% of 
the total discharge of the Amazon Kivcr. I'rccipitatiotis i i i  tlic 
Aiiiazoniaii plain results i n  extensive wctlaiitls t1r:iiiicd by sni;ill 
"black walcr" rivers. rich in  orgmiic acids. Flooding o l  tlic,fl:it 1:iiitls 

by local precipitntion, and upper wnlcr stagc of 1:irgc rivers occur 
frcquently simultaneously. Thus levdcs cnnnot easily t lcvclo~i  on the 
miirgins of the rivers. and topograpliic rising or rivcr belt by 
sedimentary aggradation is limited. 

The idca conirnonly hcld is that fluvi:iI (1yii:iiiiics :iiid nviilsioiis :ICI 

randoinly on tlic surface of subsiding basins. High suhsidciicc riilc. 
cvidenccd by inore tli:in SOO ni of Qtiatcrnary scdiinciits in tlic iixi:iI 
regions of the MnrnRcin and ßcni Rasiiis lcntls to cli;illcrigc this itlcii. 

Duc to active suhsidcncc almut 60% of tlic scdiincn1:iry ch:irgc or tlic 
Miiniore River is trnppcd in the Rcni R:isiii (Guyot 1997). I t  m:iy tic 
inferred tliat large rivers on a l la t  llood pliiiii arc sciisitivc to any 
c1i:ingc i n  the position o f  the arca 01' siilisitlciicc. Iiitcrii:il :ind 
cxtcrii:il ~~I~iccsscs will coiiil,icir i r )  givc t l i r  Iircsciit 1i:ittcrii o f  the 

nctwork i i i  the basin. 
llood plniIl. tNll we Ily~~olllcsizc 111:11 sullsidcllcc colllIol tll0 lluvi:ll 

_.. ~ . . ... - . - - 
I V 



Y 

' .  JEAN FRANÇOIS DUMONT 

Fluvial morpfiostructures as a neotectonic tool .- Tiircc spnce- 
time related elements form tlie active fluvial belt (Dumont and 
-Fournier, in press): 

The scroll pattern.- Is formed of ridge and swale morphology. 
resulting of point bar construction. Rivers with low migration ratc 
liavc a tight scroll pattern quickly sliadowcd by subscqiicrit flood 
plain deposits. On the contrary, rivers with high migration ratc 
develop contrasted scroll pattern which is emphasized by ecological 
discrepancies. Building and abandonnient of a scroll element occurs 
within four to six years. Thc evolutionary trend of successive scroll 
lines 1c:itls to itlciitify asyiiiinctrical inigr~itioiis rclntcd to f:iiiIt 

activity (Duinont et :il, in  prcss). 

Mosaic elements.- Represent arca of continuous meander evolution, 
until a neck cutoff occurs. An element cut and partly (or coinplctcly) 
erases the previous ones. Mosaic elements arc mapped and used as 
structural elements for the kinematics study of river migration. Tlie 
map which is obtained is a basic document for ttie study of the 
structure of the meander belt, and for sampling of river bank 
deposits. This map allows tlie identification and dating of long Icrni 
directional tendencies of river migration related to block tilting, 
and/or fault activity (Dumont et al., in press). 

Fluvial belts: A common characteristic of subsiding basins is the 
occurrcncc of hoth activcs (present) and in;ictivcs (iil~iiiitlonctl) 

ineander belts. Tlie inactive meander belts arc rcinarkablc for tlicir 
geometry, especially sinuosity. wavelength, and side traces like 
oxbows, which does not fit with its present discharge. They are 
interpreted as previous courses of tlie active rivers. The observation 
of upstrcam and downstream links with active rivers testifies to the 
abandonment by shifting of the main trunk of tlic river (Duniont 
1992). Ofhcr clcmcnts not presented here inay bc considered. suc11 as 
lake pattern (Dumont (1993). Mapping of thc positioli and 
directional shiftiiig of the successive river belt is a basis for tlic 
interpretation of basin surface deformation or otlicr fluvial proccsscs 
(Dumont 1992). 

Neotectonic study of SUfJSiding 1tasifl.- I~ivolvcs the combiliatioli 
of tlucc sets of data: fluvial niorpliology, subsurlacc skucturcs and 
neotcctonic/sisinotcctonic data. 

Rlarañ6n Basin: In  the west part of tlie Maralióii ßasili (Fig.?), 
rivers tend to be parallel to tlic structures of the Andean tectonic 
front, which extend in  tlic basin northward of tlic Tapiclic fault 
(except the Maraïíó11 River which cross straight the basin). East of 
the Andean front (AF, Fig.2) active and abandoned rivcrs trcnd 
differently, parallcl to faults of the Maralión Structural Zoi ic  
(Laurent 1975) a belt of high density faults. Tlie control may bc 
effective through a process similar to tensional jointing. without a 
significant offset of faults. Nevcrtlielcss. block tcctonic aiid active 
subsidcncc is evidenced by clong;ttcd Inkcs (Dumolit 1993). This 
results for cxiiniplc i n  tlic loc;il sliiftiiig ol' tlic T;ipichc river towiud 
[lie Punga lake (Fig.2). 

NorrnaI f a s h  flis Qd;i;t?rn;ïf flklviai depusils of the Craton 
margin. near the outlct of the basin (Jeiiaro Herrera. Fig.?), show n 
NNW-SSE cxtcnsioll (Duiiiont, 1993). Most of tlic larills trcnd 

M 5 E .  parallel to tlic faults rcportcd for the Maraii6n Structural 
Zone. just to the west. In this area rivcrs trend parallcl to fiiuIts. 
Scisinotcctonic data from the east and west of tlic south Maraiión 
B;isin (Fig.1) show n NE-S W orientation of P-axcs (Assiiini~~Ao, 
1992). nie maximum stress direction is coiiipatihlc with iicotcctoiiic 
faul&, arid support tlie intcrprctatioii of' tcnsioiial structures in tlic 
basin. also tltc occtirrciicc of tiown dropped blocks giving clo~ig:~tctl 
lakes (Dumont. 1993). Tlic soutliw:irtl iiiigratioii of the bends of' IIIC 
successive stages of the Ucayali River (A, B and C. fig. 2) suggcsts 
a weak control of the Tapiche fault with respect to what i t  was 
during the Pleistocene. 

f r i  tlie ficri¡ ihsiri, 1'I:dkcr (1964) stiggrstctl tliiit t t t r  I l c i l i  I<ivrr 
flowcd previously to tlic nortlicast, :ind shifted :inticlockwisc t o  tlic 
prcscnt position. Five successive slagcs liavc k e n  identified (Fig.3). 
Formerly tlie Beni River was flowirig fo tIie.ENE, tomirig abruptly at 
the outlet from the footliills. The bend of tlic river to tlic nortlicast 
shifted northward as the anticlockwise shifting progrcsscd iii tlic 
basin [C' and .B'.-Fig. 5). This fcaturc suggests tliat (he sliifting of the 
Beni Kiver has bcen initiated from tlic foothills. niid progressed 
toward the basin by increinciit along a linc intcrprctcd as ;III active 
fault. Similarly. the Rio Grande migrated of about 100 kin to tlic 
west (Fig. 1). 

Analyzing tlic drainage network, Allciil>y (1988) pointed out tlic 
occiii-micc of ;I hisiiid uptil't :ilong :I belt ~~Icvioiisly occiiliictl I)y :III 
ancient course OC tlie Hcni River (ß, Fig.3). suggesting ii topgraphic 
inversion. This axis exteiids nortlicnst lrom Kcycs. along the i i iai i i  

aligniiie~it of rectangular lakes, and crosses tlic Mainore Kivcr noit11 

of Puerto Silcs (Fig. I). Crossing the slructurc, tlic c1i~i111ic~ of' tlic 
Mamorc Kivcr has a significant reduction of' sinuosity oiid is brokcii 
by several rapids. 

Mcrcicr cl al. (1992) rciii:irkccl that tlicrc W:IS iicitlicr scisniic lior 
field cvidciicc about tlic tcctonic regime iilotig tlic Sub;iiidc;iii in:irgiii 
of the iiortlicrri scgmciit of the Bo1ivi:iii orocliiic. suggesting rc1:itivc 
tcctonic quiescence. According to AssuiiipçGo and Araujo (1993) a 
strcss rotation of 30 degrees is dctcctcd i i i  tlic north pnrt of tlic 
Altiplam, ~ o i i i i d  tlic J3olivi:io orocliiic. This t1cvi:itioii is iiitcrprctCil 
as the border clfcct of the Altiphio duc to a dcctcasc of tlic rate of 
platc convergence since about 10-70 Ma (Assunip-o :ind Arxijo. 
1993). Small variations i n  tlic d i d  and non coaxial c,ffccts of 
respectively high topography and platc motion, cali rcactivnte 
diversely bascmcnt structures, gciicr:iting r;idial river sliif'ting. TIN 
prescrit rriorpliostrtrctiircs S U ~ ~ C S I  active tectonic (prot~;ilily wri i i : i l  

faulting) along tlic tipper neni Kivci. OII tlic ciistcrii margin of tlic 
1';indo block (Fig.3). and uplilt tciidcncy of tlic craton inaigin, 
incrcasing probably tow:ird the npcx of [lie orocliiic. 

CONCLUSION 
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Fig. 1. Structural scheme of the Subandes of Peru and IMvia. 1: Quaternary deposits. 2: Su1)ande:tIt 7 m e  of l h c k  
tectonics. 3: Subandean Thrust and Fold Ilelt. 4: Uplift tendencies. 5: Area of  active subsidence. 6: M:iie reverse (:I) or 
vertical (b) faults. 7: estimated faults. Stereonets from from Assumpç5o 1992, same labels. 

Fig. 2. Sketch of tlie basement structures of tlie Ucamara Depression, from Laurent (1985) and Laurent :inri 1”do 
(1975). 1: Subandean foothills. 2: Urazilian craton mai:gin. 3: Late Hercynian uplifts of cryst:illine rocks overlain I)y 
Cretaceous deposits. 4: Major swamps. 5: Pre-Cretaceous anticlines, and 6, synclines. 7: llasement faults r e x i i w t e d  
during late Tertiary tectonics, north part of the depression. 8: Pre-Cretaceous basement faults. 9: ‘kipiclie h u l t .  A X :  
’Successive positions of the bends controlled I)y Andean structures. 

Fig. 3. Morphostructural scheme of Ille Nortliwest Iseni Ihsin. Ihtted line: footliills pictlrnont. A to 15. sucremive s i : ~ ~ e s  
of tile Beni River. ancl C’ to 1;’ successive position of tlie Iientt. 1;: faitlis ot)ser-vetl in ille p i C l i l t l o t l i .  :IIICI . su i ) t l i l l~ t t  

nortliern extension of the fault. 

22x 



*, . 4 

di 
MEMORIAS DEL XI CONCRESO.CEOIA))CICO DE noi.ivIA 

Fig. 1. Structural sclienie of lhe Subandes of Peru and Bolivia I: Quaternary deposits. 2: Subandean Zone of block tectonics . .1 Sulr.urdcm 'Ilrusi 

and Fold Belt. 4: Uplifl tendencies. 5: Aren ofactive subsidence. 6: Main reverse (a) or vertical (b) faults. 7: estinlatecl faults. Stclcorlets Goni 
'from Asslrmpgb 1992. same labels. 

Fig. 2. Sketch ofthc basement structures oflhc Ucmara Depression. 60ni Laurent (1985) and Iaucot and Pardo(1975). 1: Sub;tndcnn foothills. 2: 
Brazilian d o n  margin. 3: Late Hercynien uplifls of crystalline rocks overlain byCretaceous deposits. 4: Major swnmps. 5: Prc-('rctaccotrs 
anticlines. and 6. synclines. 7: Basement faults reactivated during lale Tertiay tectonics. nodi  par! of the depression. 8: he-Cretaceous baserneni 
fulls. 9: Tnpiche fault A-C: Successive positions oftlie bends controlled by Andem slnichres. 

Fig. 3. Morphostructural scheme oflhe Nodtwesl Beni Basin. Doned line: Iöolhills piedmont. A to i:. successive stages: ol'tlie I h i  River. and C' to 

E' successive position of the bend. F: f d t s  observed in lhe pichnon4 w d  subdued northem extension of tlrc fault. 
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reactivation of these basement structures, before the arca is 
eventually incorporated in the belt of Andean deformation. This 
suggests the occurrence of two different provinces of basin 
sedimentation: one with large and long lasting sedimentary bodies 
related to areas of flexural subsidence in proximal position. and the 
other with more scattered sedimentary bodies, disposed 
perpendicular to Lhe front range over reactivated structures in distal 
position. Style and trends of deformation emphasize the effect of 
tensional deformation (Dumont, 1993), wliich develop onward and 
perpendicular to the Andean tectonic front. Rivers appear to flow 
along these tensional joints and are sometimes sliifted toward more 
depressed areas. 
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