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ABSTRACT

The Car bo nife r o u s s equence c r o pp i ng o u t al ong the
Suba nd e a n belt o f Boli via comprise s , fr om bo t t o m to t op , the
Itác ua, Tu p a mbi , Ta r ij a , Chorro and Taiguat i Formations
CMa c hareti Grou p ) and the Escarpment and Sa n Te lmo
Forma tions (Mandi yuti Group). Th e s e units make up an
e ntire l y c lastic s equence o f colo red s ands tones, mud stones ,
shales . argillites and diamictite s o f marine to glacial­
marine o r i g i n o The ages of thes e strat a are only a pp rox i ma te l y
establishe d , mostly o n palynological a nd in pa r t on
i nvertebrate e v i dence , as belonging to the Ea rl y t o Late
Carboniferous . Sed i men ts in the Suba ndean belt ar e
tectonically deformed by paral lel ho l omorphic folding . In
the southern Subandean region a sequence o f mo r e than 1 ,000
meters , whi c h i ncl ud e s t h e Tup a mb i , Ita cua mi , Tari ja,
Chorro , Taiguati , Escarpment and San Telmo Formati ons ,was
s a mpled f or pa l eomag ne t i c a na l ys is. In the central Suba nde a n
area , s a mp l e s f r om the Itácua , Tarija and Taiguati
Formations were al so collected. The c h a r a c t e r i s t i c
di rect ions o f magnet ic remanence found i n t he s ediments f r om
t he southern Subandean area ·a r e si gn ificantl y d if ferent f r o m
t ho s e o f c oe val f o r ma t i o n s o f stable South America
indicati ng a 36 ° ~ 20° clockwise rotation . No rota t ion was
e v i de n t for the cen t r a l Subandean area. It i s p r o p o sed t hat
the s o u the r n rotate d block ha s i t s no rthe rn l imi t at abou t
20 0S, where the axes o f t ectonic fe a tu re s li ke thrust o r
no rmal fa ults cha ng e a bruptl y from NNE i n t he south to NNW
in the north.
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INTRODUCTION

The Andes belt cons ists of l inear chains
(Cordilleras ) trend ing paralle l t o the Paci f i c coas t. The
present morphology of the Andes has been associated wi t h the
orogeny which began in the Late Cretaceous as a c o nseq ue nce
of the westward displacement of the South Amer i c an p latfo r m,
causing the subduction of the Pacific ocean ic c r ust unde r
the continental margin (James , 1971; Fr utos, 1981; Coira e t
al.,1982).

At t h e Chi l e-Peru border t he Cordill e r a s s ho w a n
abrupt change in trend f r o m near north-south t o NW- SE , wi t h
the deflection axis extending f r om Arica (C h i l e ) t o Sa nta
Cruz (Bolivia). The present s ha p e of the And e s h a s been
attributed to an orocline (Carey, 1955) and i nvo l ve s , in t he
Western Cordillera, counte rclockwise rotation s i n Peru ( e .g .
Tsunakawa e t aI., 1987; Hek i et aI., 1984 a nd 1985 ) a nd
clockwise rotat ions in Chile (Turner et a I., 198 4; Pa lme r et
aI., 1980), although other explanations . f o r these rota ti o ns
have been given by Beck (1988).

Paleomagnetic data fr om the Carboniferous Tai gua t i
Formation (Creer , 1970), which crops out near Santa Cruz (a t
the "elbow" of that deflection) in the Central Su bande a n
area, is in accordance with other Ca rboniferou s pol e s of the
stable part of South America and do no t indicate an y
rotation of the area. However, t h i s pole i s ba sed on l y on
results of natural remanent magneti zation ( NRM) , wh ich a r e
not acceptable, based on modern relia b i lity cr iteria . I n
spite o f this, the Taiguati pol e is still being u sed a s a
reference pole due to the scarci t y of Carbo nife rous
paleomagnetic poles for South America.

We report in this
Carboniferous sedimentary
Bolivia. Data c ome from
Subandean areas.

paper some new d a t a from t he
sequence o f the Su ba nd e an bel t i n
both the Central a nd Southe r n

r
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The Paleozoie sequenee erops out along the Subandean
belt from the Peru borde r down to northern Argentina
(Figure 1). Stratigraphie details are provided by Helwig
(1972), Reyes (1972) , Ayaviri (1972) and Castanos and
Rodrigo (1980), among others.

The Carboniferous sequenee eomprises, from bottom to
top , the Itáeua, Tupambi, Tarija, Chorro and Taiguat i
forma ti o ns (Maehareti Group) and the Esea rpment and San
Telmo f o r ma ti o n s (Mand i yuti Group ). These u n i t s make up an
entir e l y e l a s t i e sequenee o f eolored sandstones, mudstones,
shal e s, a r g i l l i t e s and diamietites of marine to glaeia l­
mari ne o r i g i n o Its maximum thiekness reaehes 2,000m in the
southe r n regi o n , 1 , 60 0m in the Santa Cruz area and 600m i n
the no r t he rn region (Ayavi r i , 1972).

Th e deposition o f Carboniferous ("Gondwana" )
sediments was preeeded by a period of erosion, as
demonstrated by their diseonformable eontaet with t he
underl ying marine Devonian strata of various ages and f a e i e s
(Ahlfeld and Branisa, 1960).

The ages of the Maehareti and Mandiyuti sediments are
onl y approximately e s t a b l i s hed , most l y on palynologiea l and
in part o n invertebrate e videnee, as belonging to the Earl y
to Late Carboniferous. Salinas e t al o (1978) use
palynologieal anal ysis to indieate a Visean age f o r the
Itaeua and Tupa mb i f o r ma t i o n s and a Namurian age f o r the
Itaeuami Formation . Based o n the age re v iew p res e n t e d by
Castanos and Rodr igo (1980) the I táeua and Tupambi
formatioris are of Visean age, the Ta iguat i Formation is
Westphal ian a nd t he San Telmo Formation ean be attributed to
the Carbon iferous-Permian boundar y.
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EXPERIMENTAL PROCEOURES ANO RESULTS

One hundred and twenty oriented block samples wer e
collected mainly from exposures along the Pilcoma yo Ri ver
(Figure 1), in the Southern Subandean region . Near Vill a
Montes (63.46° W 21.26 ° S), a sequence of about 1000m was
sampled which included, from bottom to top, t he Tu p a mb i (1 1
samples), Itacuami (5 samples), Chorro (2 1 sampl e s ),
Taiguati(12 samples), Escarpment (23 samples; two wer e
destroyed during transportation) and San Telmo ( 12 samp les)
formations. Near Bereti (63.59 ° W 21.25 ° S), two samp l es o f
the Taiguati Formation and 10 samples o f t he Tari j a
Formation were collected in the Tacuarandi homo c li ne and 8
samples of the San Telmo Formation were collecte d in t h e Rio
Salado anticline. In the central Subandean r eg i o n , the
Taiguati (3 samples), Tarija (5 samples) a nd Itácua
formations (12 samples) were also sampled, al ong t h e Santa
Cruz - Cochabamba (63.46°W 18.00 0S) road. Whe ne ver p o s s i ble
samples were oriented by both sun and magneti c c o mpas se s .

Samples were cored in the labora tory a nd p r epa r e d a s
small cylindrical specimens (one inch in d i a me t e r and
height). Remanent magnetizations were measure d in a Di gico
spinner and in a Molspin (Minispin) magnetometer. Sampl e s
were submitted to both alternating field and thermal
demagnetizations, which were performed in s t eps o f 5mT and
50°C respectively.

Almost alI analysed samples possessed v e ry s t abl e
magnetizations with no signi ficant changes in both
intensity and direction during the AF c l e a n i ng up to 80mT.
The intensity of magnetization decayed to nearly ze r o a t
temperatures above 670°C while directions d i d not mo ve
considerably (Figure 2a). The Zijderveld (1 967) d iagrams
revealed the presence of only one hard c o mpone nt of
magnetization that probably is carried by ha ematit e ( r e d
pigment or specularite) as deduced from the h ig h c oe rc iv ity
and unblocking temperatures. It is well kn own that th e
natural remanent magnetization (NRM) o f red s andston es ma y
lie either in the red pigment, whic h g ive s the r o c k s t heir
distinctive color, or in the black i r o n o x ide pa rt ic l e s
which are also present, the majority of whi ch ar e u sua l l y
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haematite (specular ite). Collinson (1966) investiga t e d t he
magn etic properti es of the Taiguat i Formation in samp les
collected near Santa Cruz and concluded t hat the natural
remanence i s originate d in both t he p igmen t a nd specu l a r ite,
the red pigmen t being the dominant fo r m o f f e r r ic o x ide
present i n these samples although there wa s ev i d e nce t hat
some o f t he p i g ment does not carry a pe r manen t
magn et i za t i o n. In a later pape r Collinson (1 9 74 ) conc luded
~hat in t he Ta iguat i samp les, as in othe c r e d sands tones,
the specular i te po s se s s e d the hardest magne t i za t ion.

A c hemi c a l d emagnetizat ion (F igure 2c ) was per formed
in the Tup a mb i s amp les i n o rder t o destroy the r e d pigme n t
and try t o i s olate the r emanence c a r r i e d by s pec u la r ite
onl y, t h e l e s s s o l ubl e ha ema tite f o r mo The c hemical
tre a t me n t c o ns i s t e d of i mmer s i ng the samples in a 8N
hydr o c h l o r i c a c i d solut ion f o r a given t ime, washi ng i n
dist i l l e d wa te r , ary i ng in free air, measuring t h e remanence
and r e immers i ng in cl e a n acid. To accelerate the leaching
ra t e the ac i d was kept a t 75 °C and samples were prepared i n
the wa y de s c r i be d by Hen ry ( 19 79) , with two hori zontal
slots, to facil ita t e ac i d pene tra ti o n . Runs were at i n t e r vaffi
of 3, 5, 1 2, 24 hours, with up to 145 hours of immersion (Figure
3). Afte r 100r 15 hours the magnet ization i n t e nsi ty was
redu c ed t o a bou t 10 % o f the NRM value. Directions changed
slightl y but af te c 75 hou rs o f i mme r s i o n a h igh be tween­
sampl e scat te r was p r odu c e d . Thus t he chemica l
demagnet i za t ion di d not r e veal a ny othe r c harac t er is t ic
remanent ma gne t i zati on for t h e Tupambi samples .

The gray diami ct ite s o f t he Tar i ja Fo rmation
collecte d ne ar Bere t i we r e magnet icall y unsta ble a nd g ave no
consisten t res ult s . The Ta i guat i, Tar i ja a nd I t a cua samples
f rom the San t a Cruz -Cocha bamba road wer e s eve re ly wea thered.
The AF cl e aning di d not produc e a signifi ca n t i ntens i t y
de ca y bu t t e mpe ra tures betwe en 300 ° C and 40 0 ° C wer e
su f fi cie n t to reduce t h e i ntensi ties c o nsiderab l y . Th i s
beha v iour may be an indi cati on o f the p resenc e o f goeth ite
as a c o nseque nce of wea t her i ng . Howe v er, a stab l e r eman ence
persisted up t o 670°C (F igure 2b ).
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Th e paleomagnet ic data are g i ve n in Ta ble s 1 to 3 .
Results correspond to the averag e o E t hree o r Eou r s p e cime ns
of each block a Eter the rmal c lea n ing at t emperatures no t
less than 400 °C. Th e majority o f t he s ampl es had v e r y sta bl e
remanence and low i n itial between- s p e cime n scat t er , s o t ha t
after the therma l cleaning t h e direction group ing di d no t
change meaning Eully. Ano t h e r group oE sampl es , however ,
showed "cleaned " direct ions bette r grouped t ha n t he NRM
directionst whereas a third group o f sampl e s with ve r y
scattered NRM d i r e cti ons d id not imp r o v e c on si derabl y aEter
thermal clea ning. In th is case t he mos t dis c r e pan t spe c i mens
wer e rejected Eor sample mean c a lcu la t i o ns .

Re s u l t s Er om the San Telmo a nd Ta igua ti Eo r ma t i o ns
allowed the a pplication of the Eold t es t (Mc El h i nny, 1964 )
since their sampl es c a rne Erom mo r e tha n on e s a mp l i ng area.
AE te r the struc tural t il t corre c ti on (Fi gur e 3) the tw o
groups o E San Telmo samples carne c lose r an d 9 5% c o n Ei d e nce
circles o E the mea n ma g ne t iza t i o n s s upe rpose d. The Taiguat i
dire ct i ons are also bette r g r ouped a Et er t i l t c o r r e c t i o n ,
t h us leading to the conclusion t h a t t he cha r a c t e r i s t i c
magnetization oE these samples wa s a c q u i r e d be Eor e Eold ing.
This statement is also v a li d Eor t he other samp l e s sinc e
their magnet ic propert i es are es sen t i a l ly t he ~ ame .

AlI samples Erom the s ou thern Suban d e an s e c ti on a r e
reversel y magneti zed, with the except i ons o E t h ree s amp l e s
Erom the Escarpment Formation, both r ed ( BL-22 a nd BL- 31 )
and gray ( BL- 27 t o BL- 30) sandston e s, a nd o ne r ed diami c t i t e
block Erom the Tupambi Format i o n. On the c o n t r a ry , all
samples c o l lec ted in the c entral Su band ean s ecti on are
normall y ma gn e t i zed. Howe ver, t he s e s amp l e s are mo r e
weathered than the o nes from the southern Subandean region . Creer
(1970) repo r t ed both normal and r everse d po larity r ema nenc e s
f o r his collection oE s ampl es Erom t he cent ral Subande a n
area.

ANALYSIS OF PALEOMAGNETIC RESULTS

Th e di r e c t ional data Eor the Vill a Mo ntes sequen c e i s
displayed graphicall y in Fi gu r e 4 . De c li na ti o n and
incl ination angles are p l o t ted according t o the re lat i ve

__J
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stratigraphic position of the blocks. The declination c u rve
describes large loops, some of which may be r elated to
excursions or reversals, as indicated by t he negati ve
inclinations, although these angles are toa sha l low to
correspond to compl e te reversals; they are mor e compatible
with transit ional fields. Large variations in d e c l i na tion
are also proã uced when the inc lination angl e i s steep, as i n
the Taiguati and Tupambi formations. Howe ver, t he se
shortwave variations differ Erom the l a r ge amplit ude
longwa v e v a r i a t i o n s that can be noticed, for e xa mp l e , in the
Tupambi to Taiguat i data. The declinat ion changes a r e
followed by a s ystematic lowering in incl ina t ion to che
Itacuami l e v e I, and then increasing again t o t he in it ia l
value s in the upper Chorro and Taiguati f o r ma t i o n s .
Considering the long time interval involved, this cyclic
variati on cannot be simply associated with the secular
varia t i o n a f the g eomagnetic field and should actuall y
reflect the plate displacement. However, t he Itacuami
samples a r e mostl y f r i a b l e brown sandstone s which seem
consi derabl y weathered and may have had t he i r origina l
magn e tization replaced by a yo u ng e r remanence.

Mean magneti zation directions and paleomagnetic poles
for e a c h formation (Table 4) were calculated giving u ni t
weight to e a ch block samp l e. Samples with circles o f
confidence greater tha n 30 ° a nd those far (> 4 0° ) f r o m the
main distribution were rejected. Due to t he contin uous
magnetic r ecord through out thc Vi lla Montes s equence, data
were grouped according to ma g ne t i c limits rather t han
stratigraphic l imits onl y, in order to cal c ulate the mea n s .
In this way the Taiguati mean direction in Ta b le 4
incorporates a l s o the data from the base o f t h e Escarpmen t
Formation and the top o f Chorro Format ion ( s a mpl e s BL-34 to
BL-60). Th e Itacuami samples were grouped with t h e remain ing
Chorro samples. Both the Vi l la Montes and Bereti samples o f
the San Telmo and Ta iguati Fo r ma t i o ns were i nc lud e d in the
means.

Th e a ve rage o f t he thre e Tai g ua ti PGV s ( no t de f i nin g
a true pal eomagnetic pole) is included in Ta b l e 4 bu t wi ll
not be considered f o r f u r t he r interpretation d ue to t he
high dispersion (u 9S >SO ) .
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The obtained paleomagne t i c po l es (o pen s ymbols) are
plotted in Figure 5 along with other e xi st i ng Ca rboni f erous
poles for South America (full s ymbols ) includ ing the two
Taiguati poles (TG1 a nd TG2 ) obtained by Creer ( 19 70 ) f r om
samples collected along the Santa Cruz-Cocha ba mba road .
These last poles refer to the NRM onl y bu t ca n be c o mpared
with the new poles because the "cleaned" r e ma ne nc es o bt ai ned
in this paper do not differ toa much from the NRMs .

Creer 's TG1 and TG2 poles r e fer r e s p e c ti vel y to
reversed and normal polarities only. Sam p l e s TG2 c ome from
an outcrop which is about 950m s trati grap hy c a l l y l owe r than
TG1. Geologic descriptions of the Carboni f ero u s seque nce i n
the area (e.g. Helwig, 1972) indicate a 22 0m t h ick ne s s fo r
the Taiguati Formation, and 960m for the whol e Ca rbo n i fe r o us
sequence (in Samaipata). Thus it is possib l e t ha t t he low
latitude paleomagnetic pole TG2 r efers actua l l y to a n o l der
(Devonian ?) formation.

The new Carboniferous poles obtai ne d i n t hi s pa per
(cf. Fig. 5) do not agree with the di s t r i bu t i o n o f t he
Carboniferous poles from stable areas of So u t h Ame r ica . Th e y
are more consistent with data o f y o u nger ag es tak ing i nto
account the apparent polar wander path (APWP ) p r opo sed by
Irving and Irving (1982). In f a ct i t is d if f i cul t to
ascertain the age of the reman ent magnet i zat i o n in r ed be d s
although, in this case, the r ed p igmen t a t i o n wa s p r obabl y
acquired soon after deposition, as ev idenc e d by t he Tai g ua t i
pole (TG1), which coincides with o t her poles of the same
age. The poles TG and TU obtained i n this p a pe r , ho we ve r ,
are significantly different from pole TG1 and d o no t f i t t he
younger portion of the APWP. They seem compl e t el y a no malous.

TECTONIC IMPLICATIONS

In order to interpret these anomal ou s r esults we ha ve
used the 300Ma La Colina'Formation pal e oma g ne t i c po le (C4
in Fig. 5) given by Sinito e t a I . (1 97 9) as a r e f er e nce .
Pole C4 is derived from cha r acte ris ti c r e ma ne n t
magnetizations which seem best i dent i f i e d by me a n s o f AF,
thermal and chemical demagneti zations. As a co n s e q ue nc e C4
differs slightly f r o m the other u pp e r Ca r bo n i f e r o u s po l es .

_J
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Pole C4 would produee in the Villa Montes r egion a
deelination and i ne l i na t i o n of D=131.4 ° and 1=65.7 ° . The
observed direetion d i ffers f r o m the e xp e e ted one by a
(R=36°:!: 20 °) eloekwise rotat ion and a negl igib l e (F = 1°:!: 6 ° )
flattening, where the parameters R and F were e a l eu l a t e d by
the equations given by Beek (1980) and the eon f i d enee limi ts
aeeording to MeWi ll iams ( 19 8 4) . This res u l t impli e s t hat the
observed and the expee ted direetions wi l l be stat ist iea l l y
indis tinsu ishable afte r the observed group is rota t ed
eountereloekwise at lea s t 16 °, but less t ha n 56 ° . In f aet ,
the t eetonie features i n the Subandean bel t ( F i gu re 1 )
ehange direet ion abruptl y a round La t i tude 20 ° S . The me a n
angle t hey f o r m is about 20 °, suggesting a e loekw is e
rotation o f the sou thern Subandean r egion. A
25 ° e oun te r e l o e kwi s e eorreetion of the southe rn Su bandean
paleo mag netie poles wi l l bring them eloser to the othe r
Carboni f erous poles f o r South Ameriea, reinforeing the ide a
of an " i n situ" rotation o f the southern bloek .

Th e paleomagnet i e data f r o m the e entral Subandea n
area do not show ev i de ne e of teetonie rotations. If t he
Bol i v ian oroeline hypothesis st ill holds, then the ma jor
amount o f rotat i on mi ght have oeeurred to the north of t he
Ariea-Santa Cru z de f leetion . Howe ver, ava ilab l e
paleornagneti e data indieate tha t a eons iderable a mount of
rota tion ( e o un t ere l o e kwi s e t o the north and eloekwise to the
south o f the Ar iea-San ta Cru z defleetion ) ha s taken plaee
along the aeti ve margi n o f South Amer iea. Al though t h is
pattern is eonsistent with the oroelinal model it ean a lso
be explained by s mal l-bloek "in situ" rota t ions ( Be e k , 1988 )
due to shea r arising f r o m the eonverge nt pla t e i n t e r aet i o n s .
Allenby ( 19 8 7 ) propose d a meehanism to e xp l a i n the Boli vian
Oroeline whieh i nvo l ves t he eompr ession o f t he fo r mer
Pae i fie e o a st reg i on ag a ins t the res is tan t Braz i l ian Sh i e l d
eausing t he presen t be nding o f the Andes . Eve n i f t he
oroelina l h ypothesis i s viewed with doubt, t he abo ve
mee hani sm eou ld be a p p l i ed to expl ain t he " i n situ " rotati o n
of bloeks, like t he one p ropo sed here for the s out h e rn
Subandean bloek.
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PALEOMAGNETIC AGES AND THE SOUTH AMERICAN APWP

Although there is some uncer tainty in t he c alcu la t e d
amount of tectonic rotation affecting the sou t he r n Su ba ndea n
poles, some inferences about the r elati ve ag e s oE t he s e
poles can be made by comparing t hem wi th p o l e s Er om s t a bl e
South America. Fig ure 6 shows tha t po l e s TG (comb i n ig
Taiguati and Chorro Format ions ) a nd TU (Tupa mb i Forma t i o n)
are statistically coincident lead ing t o the conclus i o n tha t
thes e f o r ma t i o n s are o f the same a ge (We stpha li a n , ba sed o n
the ag e of pole C4 Erom La Col ina Fo rma ti o n, Arge n t i na ) ;
consequently, the deposition rates o E t he s e s e d i me n t s we r e
high. Alternatively, the older Tupambi Forma ti o n cou l d ha ve
acquired its magnetization during the d e posit i o n oE t he
Taiguati s e d i me n t s. The overlying I ta cuami Forma t i o n ( po l e
TM) , a trar.siti on between the Tupambi and Chorro f o rma t i o ns ,
seems to ha ve its original magn e t ization sup e r i mp o s e d by a
Permo-Carbon iferous secondary component.

Th e San Telmo and Escarpmen t pol e s c o r re spo nd i ng t o
the upper part of the Carboniferous s eque nc e a r e consisten t
with other Permo-Carboniferous da ta. Th e s e pol e s , howeve r ,
tend to be placed to the eastern s i d e o f t he Permo ­
Ca rboniferous group of poles , the ir c ircl e s o E c on Eide nc e
inte rlacing the circle of confidence o f po l e C8 Er om t he
Itararé Subgroup, Paraná Ba sin. Pascho l a t i ( 19 8 3) cla i ms
that thi s pole might have been af Eecte d by a Creta c eous
component of magnet izati o n , but it is al s o poss i b l e t hat t he
pole refers to the upper part o f the Su bg r oup (Pa s c ho l ati ,
1980) while pole s C6 (Valencio et aI . , 19 7 5 ) a nd C7
(Pascholati and Pacca, 1976) , from the same Eo r ma ti on c ould
be older . This possibility, along wi t h t he new data
presented in this paper, suggests that the Permo­
Carbon i ferous pole path for South Ameri c a c o u l d a c t ua l l y be
different from previousl y proposed p a t h s , based o n the
limited data a vailable till now.
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oe c . Inc . Dec . Inc . a ••
CO) (O ) (O) (O) CO)

Long . llt . dp
COE) (OH)

Bl - 15 .
Bl -155
Bl -156

3
3
3

30 9 . •
2 9 3 .5
159 . •

- 7 1 .2
- 8 1. 7
- 6 9 . 3

3 10 .5
305 .3
2 0 1 . 4

- 56 . 6 : 18 . 9
- 67 . 0 15 .1
- 8 0 . 0 27 . 6

44
6 7
2 1

172 . 1
15 7 . 5
123 .5

42 . 8
36 .2

- 0 . 2

Z7 . •
25 . 0
52 .9

27 . 5
17 . 0
18 . .(,

I t ãcu a

Bl -137
Bl -138
Bl-139
Bl - 140
Bl -'.'

Bl -142
Bl -l.3
Bl -l ••
Bl-l.5
Bl -l.6
Bl -l. 7
Bl - l.8
Bl -l.9
Bl - 150
Bl- 151
Bl - 152
Bl - 153

3
1
3
3
3

2
3
3
3
3
3
J
J
J
3
3
2

306 . •
314 . •
3 11. 3
3 12 .8
2 9 5 . 5

63 .5
35 • . 5
132 .5

26 .9
352 . •
3. 9 . •
J37 .7
3 . 8 .8

13 . 8
352 .1
1 15 .9

13 .1

- 21. 5
- 12 .2
- 18 . 7

5 . 6
6 .0

- 53 . 7
- 35. 3

10 . •
- . 0 . 8
- 24. 6
- 29. 8
- 3• . 9
- 4 4 . 0
· . 3 . 7
- 3 3 . •
- 25 . 6
- 2 2 . 6

0 .3
350 . •
357 .8
3.' . O
325 .0

8•. 6
7 . 2

131 . 7
45 . 4

0 . 4
358 . 7
3.5 .6

5 .0
3•. 3

3 . •
11 8 . O

22 . 3

- 5 6 . 6
- . 6 . 1
- 51 .3
-44 .4
-59 .5

- 4 4 . 7
- 5 0 . 1

30 .3
· . 5. 0
~ 4 0 . 4

- . 6. 1
- 5 3 . 3
- 5 9. 8
- 5 2 . 0
- . 8 . 9
- 6 .9
- 3 2 . 8

7 . 6

10 . •
4 .0
• . 6

21. 9
10 . 6

9 . 0
11 . O

. .6
5 .0
0 .7
3 . 1

1 1 . O
8 .9

55 .9
9 .9

26 3

3 11
9 .7
72 J

132
137
188
126
7 1.
602

30715
1593

126
192

22
15 6

1 15 .8
157 . 9
12 • . 2
178 .5
162 . •

50 . •
271 .5

2 1 . 5
13 8 . 7
2 9 5 . •
3 05 . •
3 3 • . J
287 . 5
238.5
28 3 . 2

39 . 7
209 .0

70 .9
77 .1
75 .9
70 .7
52 . 5

- 12 . 5
- 76 . 0
• •• . 0
- 5 2 . 2
- 85 . 2
- 8 0 . 8
- 6 9 . 8
- 6 7 . 5
- 5 6 . 6
-78 . 2
- 25 . 2
- 61 . 1

11. 0

14 . 1
5 .0
6 .9

2 7 . 6
1• • 1
10 . 0
12 .4
5 . 5
6 . •
1. 0
• . 7

15 .0
11. 7
56 .3
11.2

11.0

16 . •
6 .8
6 .J

J7 .3
17 . 1
17 . 0
2 0 .6

8 .2
8 . •
1. 1
• . 3

17 .3
1• . 6

11 1 . •
18 . •

n ~ nu~ b er af , • • p Le s ; Oec . z d e cl i n lt ion ; Inc . s i ncli n l t i on õ 0 •• • nd K • F isher ' s s t . t i sti cI l
p. r ••et e rs; Lo ng . : l o n gitude ; L.t . I l . t i t ude , d p . nd d. = ov l l a f c o nfi de nce .

TAILE 4 "EAN "AGNET JZATJON DJRECTIONS ANO ~ALEO"RGNE TIC POLES

oI Southern Sub.od ... " . ,...
51 50n r.l_o 19 170 .7 39 . 7 6 . , 31 ' 1.~ 80 .7 6 .3 30 16 .4 5 7 .7

E5 Eac.rp• • nl 12 162 .4 42 .41 5 .7 59 10.0 73 .6 5 .5 63 12 .9 50 .9

lG r.lguatl/Cho,ro 25 '66 .6 67 .7 6 .5 2' 312 .7 57.0 '0 .3 22 331 .3 .6 .5

'" (horto/lt acu • • ' 12 174 .8 .6 .3 5 .7 59 331.8 a1 .7 6 .1 52 7 .0 61.5

lU Tup ••bi 7 '66 .8 68 .3 6 .3 92 312 .2 57 ." 9 .' 38 33 1.3 04 7 .0

b) C.ntral Sub .o d••" .r..
lG r atgultI 3 255 .0 - 84 . 7 30.1 17 328 . • 28 .1 52 .9 6

lJ T"'i j. 4 346 .5 -53 . 7 13 .1 50 329 .9 69 .4 16.9 31

le rUe",_ 9 1' .a · 4 9 . 0 9 .5 30 248 .9 79 .3 '4 .1 14
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Figure 1 - Simplified geo­
logical map (modified from
Mégard et al o 1971), showinq
aampling ait.a (atara).
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(Fig. 2, next page)

Figure 3 - Sample mean m&gnet­
lzatlon dlrectlons for the San
Telao Foraatlon before la) and
att.r (b) ti1t correction. Cir­
ele.: Viii. Montes samplesi trl­
angl.a: Bereti aamples. Mean mag­
netlzation (crosses) and corre­
apon4ing circle of confidence
are .!ao .hown.
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Declinotion Incli no ti on Formol ion
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Fi gure 4 Vari ati o ns o f ma gn e t ic decli nation and
lncl in u t i on t hro ug h t he Vi l l a Mo nte s s e q uen c e. Ope n ci r cl e s
ind i cate ne gat i ve i ncl inat i on s ( no r mal polar ity) and fu ll
c ircle s pos it i ve i ncli nat ions ( r e versed polarityl.
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Figure 5 - 50uth paleomagnetic poles obta ined in th is paper
(o pe n s ymbols). Tr ia ng les correspond to the Southern
5ubandean format ions : 5an Telmo (ST), Escarpment (ES ) ,
Taiguati (TG), combi ne d Chor ro and Itacuam i (TM) a nd Tupamb i
(TU). 5tars cor respond to central Subandean format ions:
Tarija (TJ) and Itácua (TC) . Full symbols a,e otner
ava ilable Carbonife rous poles for 50uth America: La Colina
Fm. - C1 and C2 (Embleton , 1970) , C3 (Thompson, 19 72) and C4
(5inito et a L , , 1979 ); P iauí Fm. - C5 (Creer, 1970 ) ; I ta r a ré
5ubgroup - C6 (Valencio et a1., 1975), C7 ( Pa s c holati and
Pacca. 1976) and C8 ( Pa s c hola ti . 1980); Ta iguat i Fm . - TGl
a nd TG2 (Cr e e r , 1970 ). reversed and no r ma l pol a rity
r espe c ti ve r y. Dashed li ne i s the APWP of I rvi ng and I r vi ng
(1 98 2 ) . Ci r cles o f c onfi den c e ( Fi s he r 19 5 3) a r e a l s o
plotted.
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Figure 6 - Paleom&gnetic poles from the southern Subandean
region (open triangles) after a 25 0 counterclockwise ~t1on.

Pole of rotation at 20.50S 63.5Ow. Other symbols as in Figu­
re 4.




