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Basement faults and uplift in the Colombian Llanos 

by

A LOWRIE, M1ssiss1pp1, SYLVIA A. CUREAU, N ew Orleans, and A SARRIA, Bogota 

w1th 5 figures 

Zusammenfassung. W iederholte Bewegungen 1m V erwerfungssystem des prakambnschen Base­
ment beemfluBten die Macht1gke1t und die Verbre1tung der phanerazo1schen Sch1Chten m den 
Ruckfalmngsbecken der colombiamschen Llanos Nordhch von 6° N ist die allgmeme Fhel3nch­
tung des Arauca, Casanare und des osdichen Te1ls der Meta Flusse genau 0-W Das Gebiet zw1-
schen 6° N und 2° N enthalt ONO-WSW Lmeamente Sudhch von 2° N und sudhch der Inmda 
und Guayabera Flusse smd die Fhel3nchtungen zunehmend unemhe1thch mlt emem vorherrschen­
den N-S-Trend, besonders westhch von 71 ° W Aus Uberlegungen zur Plattentektomk sollten die 
Bewegungen nordhch von 2° N endang der Hauptbasement-Verwerfungen rechtslateral sem und 
nach dem Suden zu lmkslateral 

Die Hebung des Basements erfolgte entlang der Serrama de la Macarena Dieses Geb1et w!fd 
durch Erdbeben gekennze1Chent und d1ent als Wassersche1de Die Serrama besteht aus emer Sene 
von Sch1chten vom Prakambnum bis zum Ohgozan, die nach ONO emfallen mlt emem StreKhen 
ahnhch dem des Ruckens nach NNW-SSO Entlang dem Sudrand der Serrama haben die Guav1are 
und Guyabera Flusse emen ONO-WSW-Trend Wird em ahnhcher Trend der Meta-Menea Flusse 
nach WSW verlangert, dann wurde diese Verlangerung endang der Nordgrenze der Serrama hegen 
Damit kann die Serrama de la Macarena als em Verwerfungsblock mterprenert werden, der das sub­
andme Becken te1lwe1se zerschneidet Die W1ederholung von Basement-Schwellen schemt Teil des 
tektomschen Snls m dem subandmen Ruckfa!tungsbecken zu sem 

Summary. Recurrent movements of Precambnan-aged basement fault systems has mfluenced the 
thKkness and d1stnbut10n of PhanerazoK strata m the Colomb1an Llanos backarc basm North of 
6° N, the overall nver trend of the Arauca, Casanare and the eastern part of the Meta nvers is v!ftu­
ally E-W The area between 6° N and 2° N contams ENE-WSW lmeaments South of 2° N and 
south of the Inmda and Guayabera nvers, the trends are mcreasmgly d1sorgamzed with a predomi­
nance of N-S trends, espeoally west of 71 ° W Fram piare tectomc consideranons, movement north 
of 2° N along pnnopal mferred basement faults should be nght-lateral and left-lateral to the south 

Basement uphft has occurred along the Serrama de la Macarena Th1s feature 1s marked by 
earthquakes and serves as a dramage divide The Serrama is a· senes of beds from Precambnan 
thraugh Ohgocene, d1ppmg to the ENE w1th a stnke similar to that of the ndge crest, NNW­
SSE Along the southern edge of the Serrama hes the ENE-WSW trend of the Guaviare-Guayabera 
nvers If a similar trend of the Meta-Menea nvers 1s extended to the WSW, then the extens10n 
would he along the northern hmit of the Serrama Thus, the Serrama de la Macarena can be mter­
preted as a thrust block, pamally cuttmg the sub-Andean basm Repenuveness of basement swells 
appears to be part of the tecton1c style of the sub-Andean backarc basm 
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l. lntroductton

Colombia 1s situated in the northwestern comer of South America (fig 1) There it 1s hm­
ited by two ma¡or plate boundanes, one along the Canbbean continental margrn and the 
other along the Pacific margrn. The northern boundary 1s marked pnncipally by stnke-shp 
movement, while the Pacific boundary 1s a subduct1on zone (MOLNAR & SYKES 1969) 

Most of the geology of the western half of Colombia south of 7° - 8° N can be ex­
plamed by subducnon (CUREAU 1979; BARRERO-LOZANO 1979). lt 1s, after all, a class1c 
marine-continental convergence zone (DICKINSON 1978). Standard references of the re­
g10nal geology rnclude QACOBS and others 1963, BURGL 1961, RAMIREZ & ALDRICH 1977, 
Tectoruc Map of South Amenca 1978, Geologic Map of South Amenca 1964, Hand­
book of South Amencan Geology 1956, MOLNAR & SYKES 1969, HEY and others 1977, 
IRVING 1971,JORDAN 1975, MINISTER and others 1974). 

To the east of the Eastern Cordillera fold-thrust belt hes the retroarc basm, the 
Llanos The Llanos are the plains that cover the eastern half of the country, a savanna of 
gently eastward slopmg grass-covered surfaces, here and there intersected by tree-lined 
streams The eastern limit of the savanna occurs where the reg10nal slope becomes al­
most 1mpercept1ble and the Amazon Basin ¡ungle vegetation takes over 

The overall structure of the Colombian retroarc basrn (see DICKINSON 1978 for gener­
ahzed d1scussion of retroarc basms) 1s that 1t 1s asymmetncal with a westward th1ckerung 

12
° 

78° 

CARIBBEAN 
SEA 

I 

/ 

ECUADOR 

�:WOkm 

74° 70° 

VENEZUELA 

74° 70° 

12
° 

F1g l. Locac10n map of scudy 
area (Serrama de la Macarena 1s 
denoted as S de L ) 



Basement faults and uphft rn the Colombian Llanos 3 

sed1ment wedge from only tens and hundreds of meters of thickness along the Colomb1an­
Braz1lian border ro up to poss1bly ten kilometers depth along the eastern front of the 
Easrern Cordillera (FORERO ESQUERA 1974, Tectomc Map of South Amenca 1978, CALD­
WELL and others, rn press, ÜRLANDO FORERO E and KEN BlSHOP, personal commun1-
cat1ons 1978-1979) Paleozo1c, Mesozo1c, and Cenozo1c rocks are present here Paleozo1c­
aged rntrus1ves and Creraceous sed1ments have been reported rn the west of the basrn 
(FORERO ESQUERA 1974, Geolog1c Map of South Amenca 1964) The w1de eastern flank 
1s charactenzed by a basement d1p of less than 1 ° There 1s a slight steepemng of basement 
d1p on approachrng the axial zone of the basrn ad¡acent to the Eastern Cordillera 

While there 1s considerable understandrng of the reg10nal tectomcs withrn a subduc­
rion zone (1 e ,  DEWEY & BlRD 1970, DICKINSON 1969, 1973, 1978, TALWANI & PIT­
MAN 1977), there 1s still much uncertarnty concermng rntraplate recto mes ( see BALL Y and 
others 1980) In th1s paper, we shall rnfer a reg10nal tectomc fabnc rn the Llanos and Ama­
zoman ¡ungle-covered eastern half of Colombia and present speculative explanations 

2 Descrzpttons of linear map and underlytng assumpttons 

In order to map the tectomc fabnc of the Llanos, a linear map was prepared (fig 2). A 
"linear" 1s defined rn th1s report as gently curved ahgnments of topograph1c features 
rncludrng nver and stream segments. The term "hneament" w1ll be reserved for those lrn­
ears or group of ahgned lrnears wh1ch can be rnterpreted to have tectomc s1gmficance 
(from SANDERS & HICKS 1979) 

The only data available for th1s study are the d1stnbut1on of nvers (fig 3), relauvely 
well mapped from surveys conducted by geolog1sts, from areal photographs, and from 
LANDSAT data (ARANGO CALAD and others 1976), and vanous topograph1c maps pre­
pared by the Instituto Geografico "Augustin Codazz1", Mrn1steno de Haoenda & Cred1to 
Publico, Bogota All segments of the nvers mapped as stra1ght are marked as lmears 
(fig 2) Those segments which are charactenzed by numerous meanders, yet w1th an 
overall lrnear trend, are also cons1dered linear (fig 2) 

The assumption underlyrng th1s effort 1s that nvers w1ll find the path of least res1stance 
(fig 3) Such a path 1s presumably a fracture zone extendrng downward to an area of 
broken basement Several origins for large basement fractures have been suggesred ( see 
SAUNDERS & HICKS 1979) Chronolog1cally as to age of tectomc mfluence, the suggesred 
ongrns mclude crustal breakage from earhest Archean times to the present from whatever 
cause, e g ,  sea-floor spreadrng, subduction, orogeny, meteonte 1mpact, etc G1ven a plane­
tary crust covered by large plates of heterogeneous compos1t10n poss1bly movrng over 
thousands of kilometers, rnhomogeneous stress fields must be expected Mrnor tectomc 
stresses could also rnclude se1sm1c energy from the globe-shakrng earthquakes (>7 5 R1ch­
ter scale), earth tides, piare extens10n or compress10n due to m1gration over a changmg 
planerary geodal are, and thermal mechamcs caused by volcamsm and by solar radiation 
Thus, these multiple mmor stresses, acting on fractures rn the hth1fied basement, can tng­
ger the propagat10n of planes or zones of movement up through a sed1mentary cover to 
exert a surfioal control as on drarnage Mrnor movements, measured m millimeters, m1ght 
be ali that 1s needed to keep a fracture active, "open" and relatively easily erod1ble 
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F1g 2 Lmeament map of the Colomb1an Llanos area. Those !mear nvenne trends and overall lmear 
trends charactenzed by meanders are shown as lmears. Reg10nal patterns suggest there 1s tectomc 
s1gnificance and thus, are lmeaments 
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3 Interpretatzon of lmeament map 

The pnnopal lmears are marked by the ma¡or nvers the Arauca, Anporo, Meta, Tomo, 
Vichada, Guaviare and Inmda (fig 3). North of 6° N, the area of the Arauca, Anporo, 
and the eastern end of the Meta nvers, east of 70° W, are approximately lying east-west 
The area between 6° N and 2° N is marked by ENE-WSW hneaments South of 2° 

N 
and south of the Inmda and Guayabero and the western pornon of the Guaviare nvers, 
the trends are mcreasmgly disorgamzed w1th a predommance of north-south trends, espe­
oaly west of 71 ° W South of 2 ° N, the principal nvers dram southward to the Amazon 
North and west of the western port10n of the Meta, west of approximately 71 º W and of 
the Metica nver, the nver trends are roughly parallel to the reg10nal slope and perpendicu­
lar to the axis of folding and thrust faults along the Eastern Cordillera 

Many of the linear systems, wh1le havmg an overall umazmuthal trend, can be mter­
preted m terms of a senes of "dog legs" - low angle z1g-zags A ready explanat10n is not 
apparent. Thus, w1th the existence of recogmzable nvenne patterns, these !mear trends 
may, w1th confidence, be thought of as lmeaments w1th sorne tectomc sigmficance 

An area of mcreased complex1ty is that surroundmg the Serrama de la Macarena. The 
Serrama 1s underlam by a senes of beds, from Precambnan through Ohgocene, dipping to 
the ENE with a stnke similar to that of the ndge crest, NNW -SSE Along the western 
face of the ndge complex, the dippmg beds are exposed ( ARANGO CALAD and others 
1976) To the South hes the ENE-WSW trend of the Guaviare-Guayabero nver sys­
tems If a similar trend of the Meta-Metica nver system is extended to the WSW, then 
the extens10n would he along the northern hmit of the Serrama 

After the general nvenne patterns were presented at a monthly meeting (26 Febru­
ary 1981, at Bogota, Colombia) of the "Sooedad Colombiana de Geologos y Geofisicos" 
by one of us (AL), suppomve data for faultmg along the mferred fracture trends became 
available 

Faultmg along the southern edge of the Serrama de la Macarena 1s noted by ¡uxtapos1-
t1on of Cretaceous and lower Ternary sediments separated by the Guayabero R1ver 
(� 2° 15'N � 73°45'-73 ° 50'W) and the orthogonal (N-S and E-W) distnbut1on 
of rivers between the Serrama and the Eastern Cordillera and their relat10nship to 
mapped faults trending WNW-ESE, over the crest of the Serranía is evidence of faulnng 
(RODRIGO ALVAREZ ALVAREZ, personal commumcanon, 27 February 1981). Also, from 
the same commurncation, the ¡uxtaposmon of dissimilanly aged sediments on different s1des 
of the Guayabero River near 3 º N 70° 30'W reqmres faulting Hernando Duenas Jimenez 
ment1oned a commeroal report, based on "LANDSAT" and side-lookmg airborne 
radar (SLAR) 1magery, on the geologic structure of the Colombian Amazonic area 
(see DE BOORDER 1980). Similar trends between the two studies are the lmeaments of 
Mitu, Cuyan, and Papunaua (see DE BOORDER 1980, fig. 1) and our trends based on the 
Inmda River east of70° W (fig. 3) 

4 Epzcenter dzstrzbutton 

Prel1mmary ep1center determmat1ons have been prepared by the Geophysical Instltute of 
the Universidad Javenana (Bogota) using data collected by the Colomb1an seismology net 
This net was first mstalled m mid-1967 and has consisted of sorne six to mne seismo-
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F1g 4 Ep1centers calculated from Colomb1an se1smograph net from mid-1967 to Apnl 1979 
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graphs, the number varymg w1th equ1pment ava1lab1lity Th1s net, unfortunately for th1s 
study, 1s located m the western and central parts of the counrry lt has colleceted data of 
lower 1ntens1ty (and therefore, more) motions than can be obtamed by rhe World-Wide 
Standard1zed Se1smograph Net (WWSSN) The accuracy of determmat10ns appears to 
about ± 25 km. There are poorly developed low-level se1sm1e patterns centered abou t the 
R10 Guav1are, west of 71 º W and also lymg west of the R10 Meta (fig 4) (In th1s report, 
the Spanish word "R10" w1ll be used mterchangeably with the English word "R1ver" ) 
These ep1eenters from both the Colomb1an and the WWSSN, are all shallow, less than 
70 km deep, with many only 20-40 km deep The Eastern Cordillera fold-thrust belt 1s 

2• 
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marked by abundant earthquakes Thus, there is seismic act1v1ty throughout the area of 
the Llanos Data density <loes not allow an unambiguous interpretat10n. 

S Basement control o/ sedzment 

A prehmmary compilat1on of well hole data has been prepared These wells were drilled 
on the Llanos savanna (from south to north, the well log data used are from the followmg 
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F1g 5 Profile of principal stratigraphic honzons as determmed from well log data, from wells 
dnlled on the Llanos savanna The profile extends from 3 ° so'N to 6° 15'N The followmg wells 
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wells- Voragme-1, Negritas-1, Chaviva, Santiago, Tnmdad-1, Rondon-1, and La Hehera) 
These data show that m the areas where the ma¡or nver-hneament trends of the Meta and 
Casanare approach the Eastern Cordillera, the basement is deeper than on ad¡acent mter­
nvenne areas The basmal deepenmg appears to have been persistent through time w1th 
Tertiary, Mesoz01c, and Paleozoic sections thickenmg over the basm, fault-controlled area 
(see WEIMER 1980, for a discuss10n of similar processes, i e ,  recurrent movement on a 
presumably Precambnan-aged basement fault and its mfluence on subsequent sedimenta­
tion, m the central Colorado area). 

The mter-nvenne "high" was broken m one area We note that the locahzed base­
ment deepenmg roughly coinC1des w1th the seismic trend lymg to the west of the R10 
Meta (fig. 5) We speculate that a basement fracture, unmarked by a nver, hes between 
the proposed faults marked by the Casanare and Meta-Metica nvers 

A dramage divide known as the Vaupes Swell (KEN BISHOP, personal commumca­
tion, 23 February 1981) hes to the south of the western part of the R10 Guaviare (west of 
71 º W) and south of the R10 Inmda To the south, the flow is toward the south and 
southeast The poorly developed seismic pattern centered about the R10 Guaviare (fig 5) 
roughly coincides w1th this dramage divide Thus, m the area there is a topographic up­
land or "bugle" (however shght), a ma¡or change in the nver patterns, and sorne earth­
quake activity. We propose that this feature be called the Colombian Llanos 2° N 
Basement Fault (CL2° 

NBF). 

6 Dzscusstons and specu!atzons 

Let us suppose that these nverme trends are mdeed fault controlled. Thus, the Serrama can 
be mterpreted as a thrust block dippmg to the ENE w1th the hm1ts of thrust motion 
marked by the overall mferred basement trends not shown by the Guaviare-Guayabero and 
the Meta-Metica nverme systems. 

The imphcat1on of this mterpretat10n is that the crustal block between these two 
nver sysrems has migrated westward relative to the areas ad¡acent to ir We offer a specu­
lat1ve hypothesis to explam such a proposed westward block movement The eastern 
hm1t of this area of E-W and ENE-WSW trends, presumed basement faults, comC1des 
w1th the nat10nal boundary along the axis of the generally north-south trending Atapapo­
Onnoco nver systems The Atapapo River extends from approximately 3 º 15'N to 3 º 45'N 
m the area about 67°20'W North of 3 º45'N to 6° N, the axis of the Onnoco River bends 
westward to a maximum near 4º30'N 67°50'W, a total westward displacement of 
about 50-70 km Further northward, where the Onnoco River no longer serves m the role 
of a nat10nal boundary at approximately 6° N 67°15'N, the nver has turned eastward 
and will contmue so turnmg to the lat1tude of 7° N, at which pomt, the overall trend 
will be toward the ENE 

Thus, if the overall trend of the Atapapo-Onnoco nver system could be said to he 
along the 67°10'W, then the area m question between the Meta-Metica and Guaviare­
Guayabero nver systems has mdeed moved westward sorne 50-70 km. Such a lateral 
"movement" would be ennrely adequate to cause the thrust structure seen along the Ser­
rama de la Macarena 

It is noted that the overall nverme trends of the Llanos do not appear to be contmued 
further to the east beyond the Onnoco River where the Precambnan Basement is exposed 
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(GLYNN PENFIELD, telephonic commumcat10n, 15 May 1981) Thus, the argument that 
the nverine trends are mdeed controlled by reacuvated Precambnan-aged faults is 
weakened, unless the reacuvation of basement faults has been controlled or dommated by 
the Mesozoic-Temary plate convergence and the buildup of volcamc ares, fold-thrust 
belts, etc , m the Colombian Llanos 
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