
are terminal deletion derivatives of the 7238 inversion 
(7 7). 

59 K. D. Donaldson and G. H. Karpen, unpublished 
results. 

60. In cases where partners were marked wlth the same 
genetic marker (most of Flg. 281, dlsomlc anlmals 
could not be positively identlfled in the F, generatlon. 
Therefore, ~n each experiment a large number (30) of 
randomly selected ry+ or y+ F, progeny (which in- 
cludes both 1 Dp and 2 Dp animals) were outcrossed 
toXAY, yl0; ry506 males. The 2 Dp F, anlmals used 
to estlmate disjunction frequencies were identified by 
observation of high transm~ssion rates In the F, scor- 
ing generatlon Nondis~unction rates were calculated 
as above, except that the nondisjunction class was 
determined by doubllng the number of 0 Dp animals 
in the F, generation. This correction was necessary 
because the 2 Dp nondisjunctlon progeny could not 
be distinguished phenotypically from the 1 Dp class 
in these 6r6sses. The fact that recovery of the 0 Dp 
and 2 Dp classes did not dlffer slgnificantly when 

both classes could be monitored Independently 
strongly validates the use of this correction Further- 
more, outcrossing the F, ry+ progeny from putatlve 
y1230/y1230 F, animals demonstrated that the F, 
progeny contained equal numbers of 0 Dp and 2 Dp 
anlmals (G. H. Karpen et a/. , data not shown). Thls 
result confirmed both the dlsomlc nature of the F, 
parents and the appropriateness of using the 0 Dp 
class to estimate nondisjunction. 

61. Animals with two differentially marked mlnichromo- 
somes and zero, one, or two copes of the P(nod+) 
transgene (19) were generated from the cross y ; 
P(nod+)/SMl, Cy , ry ; 316 y+ females xy/Y ; P(nod+)/ 
Sp ; ry ; J21A, ry+ males (or 20A or 105). The y ; 
P(nodtySp, ry female progeny provided the 2E+1T 
class, and the 2E+2T females were they; Pinod+)/ 
P(nod+); ry slbllngs. The J21A monosome slbllngs 
(y- ry+) were used for the transmission tests, where- 
as the 31E/J21A, 31E/10B, and 31El20A disomes 
(y+ ry+) were used in the nondlsjunctlon tests The 
2E+OT control ND frequencies were taken from the 
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Miocene Deposits in the 
Amazonian Foreland Basin 

I n  their report, Idatti E. Rasanen et al. state 
that there is a tidal origin for the sedimen- 
tary sequences they studied in the western 
Amazon region (1). Their interpretation of 
these sequences in Acre, Brazil, as tidal, on 
the basis of a relatively small data set, implies 
the existence of a marine connection be- 
tween the Caribbean Sea and the southern 
Atlantic Ocean. Background information 
and earlier work suggests that this conclusion 
is not the best explanation of the sediments 
in Acre. The sedimentary history and paleo- 
geography of this area are more complex 
than Rasanen et al. or S. David Webb, in his 
Perspective (2) ,  suggest. 

The  outcrops studied by Rasanen et al. 
represent a small (areal) part of the Mio- 
cene stratigraphic level. The Solimaes For- 
mation (also Pebas Formation), to which 
these sediments belong, crops out in a vast 
area of Brazilian, Peruvian, and Colombian 
Amazonia. This formation is up to 980 
meters thick and is part of the infill of 
several sedimentary basins. In the last 20 
years, extensive geological studies (3-10) 
have shown that the Solimaes Formation 
was mainly formed in a fluvio-lacustrine 
system of Andean origin, which was peri- 
odically affected by marine ingressions. This 
fluvio-lacustrine system originated during 
the Middle Miocene as a result of the uplift 
of the Eastern Cordillera, and was the an- 
cestor of the present Amazon River. Con- 
trary to what Webb suggests (2),  "substan- 
tial evidence" concerning the marine influ- 
ence during the Miocene in the area was 
published (7-10) before the Rasanen et al. 
report appeared. 

T h e  changes in drainage patterns 
caused by the genesis of the paleo-Ama- 
zon River svstem and the abortion of the 
previously existing east-to-west-directed 
fluvial system had a major influence on  
the development of the ecosystem, the 
sedimentary history, and the paleogeogra- 
phy of Amazonia (8-11). Subsequently, 
when establishing a paleogeographic mod- 
el for the Miocene historv of Amazonia. 
both the fluvial dynamics as well as the 
tidal influence and marine ingressions 
should be included. Therefore, Webb's 
c o n c e ~ t i o n  of an Amazon seawav as a 
cause b f  Amazonian floral and faunal di- 
versitv seems limited. 

Rasanen et al. consider two possible dep- 
ositional environments for the sediments 
they studied (p. 388), fluvial or tidal, and 
conclude that thev are tidal. However, in 
a tropical fluvial environment such as that 
in which the Solimaes Formation was de- 
posited, periodical flooding of the over- 
bank environment causes alternating mud 
and sand lenticles such as those described 
(1). Moreover, the north- to  southeast- 
directed ~aleocurrents  and the sediment 
composition of Andean origin coincide 
with the transDort direction and the sedi- 
ment composition reported for the paleo- 
Amazon River (9).  Furthermore, Rasanen . , 

et al. relate the timing of the presumed 
seaway to the Late Serravallian, which is 
Middle Miocene (12), and not to Late 
Miocene, as the title of their report sug- 
gests. The  base of the Late Miocene 
[-10.4 Ma (million years ago)] represents 
the largest drop in sea level in the entire 

data in Flg. 2A, because Independent analyses 
demonstrated that the SMI balancer ralses non- 
disjunction frequencies slgniflcantly. For the J21A 
monosome transmission tests, the 2E+OT class 
used In the transmlssion assay were produced by 
the cross y; ry; J21A, ryt females x y/Y; P(nod+)l 
Sp ; ry males. All test females were crossed and the 
results analyzed as described (56, 57). 

62. T. Murphy contributed slgnificantly to discussions 
and data analyses, and his efforts are gratefully ac- 
knowledged. We also thank K. Cook, R. Kolodner, T. 
Murphy, and D Weigel for comments on the manu- 
script, K. Afshar and R. S. Hawley for the nodt 
transgene stock (placW nodt-15), J. Simon for the 
artwork In Fig. 4, and A. Dernburg, J. Sedat, and S. 
Hawley for communicating results before publica- 
tion. This research was supported by a grant from 
the American Cancer Society (DB-12001, which we 
gratefully acknowledge. 
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Miocene; thus it is not likely that a marine 
ingression would occur. Moreover, during 
the Late Serravallian. the maximum sea 
level rise was estimakd at about 50 m, 
whereas at the base of the Serravallian 
(-14.2 Ma), the maximum sea level rise 
was estimated at  150 m (1 3 ) .  If there was 
a marine ingression it would be thus more 
understandable if it occurred in this inter- 
val. Indeed, there is evidence elsewhere in 
Amazonia (8-10) of a base Serravallian 
marine ingression, on  the basis of the pres- 
ence of marine fossils and palynomorphs 
(14). In addition to  this, the connection 
between the paleo-Amazon and the At -  
lantic was well established during the Late - 
Miocene. T h e  clastic sediments on  the 
Guvana shelf and in the Amazon cone are 
evidence of the Amazon-Atlantic connec- 
tion (15-17). Therefore, a Late Miocene 
marine connection between the Caribbe- 
an and the southern Atlantic at this same 
time is highly unlikely. 

The Late Miocene sediments studied by 
Rasanen et al. are most likely fluvial, not 
tidal, and were probably deposited by the 
ancestral Amazon River. There were ma- 
rine ingressions in Amazonia during the 
Early and Middle Miocene, but not in the 
Late Miocene. Moreover, during the Early 
and Middle Miocene, the connection be- 
tween Amazonia and the sea had a more 
modest character than the seaway postulat- 
ed by Rasanen et al. Their model might be 
applicable to  the Cretaceous (for which 
marine deposits are well known to exist in 
the eastern Andes and in the foreland ba- 
sins), but it is not suitable for the Miocene 
paleogeography. 

Carina Hoorn* 
Hugo de Vries Laboratory, 
University of Amsterdam, 
Amsterdam, Netherlands 

'Present address: XEMl3, Petroleum Development, 
Oman, Post Office Box 81, Muscat 113, Sultanate of 
Oman 

122 SCIENCE VOL. 273 5 JULY 1996 



REFERENCES AND NOTES 

1. M. E. Rasanen, A. M. Linna, J. C. R. Santos, F. R. 
Negr~, Science 269, 386 (1 995) 

2. S. D. Webb, ibid., p. 361 
3, Levantamento de Recursos Naturais (Radambrasil, 

Brazian Ministry of Mining and Energy, Department 
of Mneral Production, Rio de Janeiro, Brazil, 1977), 
vos. 13 and 14. 

4. R. G. Maia et a1 , Projeto de Can/Bo no Alto Solimdes 
(Fna Report, Companhia de Pesquisa de Recursos 
Minerals-Departamento Naciona da Produ~Bo Min- 
eral, Manaus, Brazil, 1977). 

5. "Bacia do Acre: Possibilidades de petreleo na secao 
pre-cretacica" jrechnical Report 744/A, Petrobras- 
Denor/Direx, Rio de Janeiro, Brazil, 1979). 

6 Proceedings of the Second Latin American Geolog- 
ical Congress (601. Geol. Caracas Pubi. Esp. 7) 2, 
588 (1 9761 

7. C. P.' N;<~II, Buil. Br. Mus. (Nat. Hist.) Geol. Ser. 45 
(no. 2), 165 (1 990). 

8. C. Hoorn, Palaeogeogr Palaeocbmatoi. Palaeoecol. 
~ - 

105, 267 (1 993). 
9. , 112, 187 (1994). 

10. , J Guerrero, G. A. Sarmento, M A. Lorente, 
Geology 23, 3 (1 995). 

11. D. P. Domnng, J. Paleontol. 56, 3 (1982). 
12. W B Harland et a/., A Geoloqical Time Scaie 1989 

(Cambr~dge Un~v. Press,, Cambrldge, UK, 1989), 
char, 3. 

13. B. U. Haq, J. Hardenbol, P. R. Vail, Science 235, 
1 156 (1 987). 

14. Microforam~n~fera (Protoeiphidium), d~noflagellate 
cysts (Brygantedinium and Spiniferites), mangrove 
pollen (Rhizophora type), mollusks (Cymia, Corbula 
and Nassarius), and f~sh remans (Carcharinidae and 
Chimaeridae) 

15 A E. Campbell, thesis, Free Universty of Amsterdam 
( I  992). 

16. J. E Damuth and N. Kumar, Geoi. Soc. Am. Bull. 86, 
863 (1 975). 

17. J. E. Damuth and R D. Flood, n Submarine Fans 
and Related Turbidite Systems, A H Bouma, W. R. 
Normark, N. E. Barnes, Eds. (Sprnger-Verlag, New 
York, 1985), pp. 97-1 06. 

25 September 1995, accepted 29 January 1996 

T h e  Rio Acre formations studied by 
Rasanen et al. ( 1 ) are more com~atible with , , 

a freshwater than with a tidal marine envi- 
ronment. 

In addition to the absence of marine 
mollusks, the fish species Rasanen et al. list 
from the Rio Acre sediments (with the 
exce~tion of the bullshark Carcharinus leu- 
cas) are freshwater species typical of modern 
Amazonian flood plains: Osteoglossidae, 
freshwater stingrays, three families of fresh- 
water catfishes, and the characoid Colos- 
soma (2). The latter genus consists of fruit- 
eating fishes typical of seasonally inundated 
forests (3). Carcharinus leucas is euryhaline 
and is reported from freshwater habitats 
world-wide, including the upper Amazon 
(4). We know of no exclusively marine fish 
in the Rio Acre sediments. 

There is insufficient sedimentological 
evidence to safelv conclude that the chan- 
nel lithosomes were deposited in a tidal 
environment. (i) Rasasnen et al. assert that . . 
the coarsening upward sand and the sharp 
contact with the- overlying mud are diag- 
nostic of a tidal environment and rule out 
the possibility of their deposition during a 
fluvial flood event. This is not a valid ar- 

gument. The flow velocity in a fluvial flood 
event would follow the same general pat- 
tern of increase followed by decrease as seen 
in tidal floods (5). The observed features 
are not uniquely indicative of a tidal envi- 
ronment. (ii) The scatter of palaeocurrent 
indicators within the units at Rio Acre is 
compatible with the effects of local channel 
and floodplain geometry within a meander- 
ing fluvial system. (iii) The apparent peri- 
odicity in sand-mud couplet thickness vari- 
ation is unconvincing, given the number of 
maxima and minima in the data and the 
arbitrary choice of the starting point for the 
spring-neap cycles. The thickness variations 
could equally be a result of seasonal fluvial 
flood cycles. Also, even within a single 
flood cycle in the modern Amazon, river 
levels can oscillate by up to 2 meters over a 
few days; a phenomenon known locally as 
the "repiquete" (6). (iv) Other features, 
such as desiccation cracks and bioturbation, 
are just as likely to occur in a fluvial setting. 
Mud flats exposed at low water or by "repi- 
quetes" form deep desiccation cracks within 
a couple of days. 

In sum, from a sedimentological view- 
point, a fluvial origin of the deposits seems 
equally if not more plausible than a marine- 
tidal origin. The deciding factor, we be- 
lieve, is that freshwater fish are present 
while marine fish and mollusks are not. 
Both the fish fauna and many of the char- 
acteristics of the sediments are strongly 
reminiscent of the "vsrzea" flood plains of 
modern Amazonia. Perhaps a more detailed 
picture of the habitat could be determined 
through pollen analysis. 

We agree with Webb (7) that the puta- 
tive Amazonian sea requires more precise 
dating. Rasanen et al. state that the marine 
incursion occurs at the latest Serravallian 
highstand of global sea level shown on the 
chart by Haq et al. (8). The chart actually 
shows a pronounced low point at 10 Ma. 
The Miocene highstand is shown at approx- 
imately 15 Ma (Langhian). These conflict- 
ing dates and the still contentious nature of 
the chart by Haq et al. make it necessary to 
consider other mechanisms. It is possible 
that flooding of the South American conti- 
nent to form the Amazonian sea was a result 
of tectonic mechanisms, such as lithospheric 
loading by the Andean orogenic wedge, or 
dynamic topography related to the Andean 
subduction, or both. More work is required 
to resolve the temporal and spatial bound- 
aries of the Miocene Amazonian sea. 
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Because the Pebasian and Paranan (that is 
Paranense) seas (Fig. 1) ingressed to large 
structural basins, the dynamic depositional 
history of these basins should be compared. 
Similarities of the basins include direct 
(though distal) connections with the marine 
realm, epicontinental settings, and restricted 
marine conditions in parts of both basins. 
Differences include that the Pebasian had a 
restricted connection with the Caribbean 
and a large watershed and was dominated by 
an estuarine-influenced setting, whereas the 
Paranan had a broad connection with the 
South Atlantic and a smaller watershed and 
(south of Bolivia) was an epicontinental sea. 

The sedimentary features used by 
Rasanen et al. (1) to establish estuarine 
conditions in their studv area are rhvth- 
mites. Tidal rhythmites are found in a'va- 
riety of modern low salinity or freshwater 
settings in contact with coastal waters 
which, with few exce~tions, have tidal 
ranges of about 3 m (2). Under certain 
conditions, tidal energies can propagate 
hundreds of kilometers landward into fresh- 
water settings. For this reason rhvthmites - 
cannot be used to infer salinity. 

Rasanen et al. (1) list four fish groups 
from the Solimaes Formation as indicators 
of a marine setting in the southern part of 
the Pebasian Sea, but a detailed compara- 
tive description of these fossils is not refer- 
enced. and all other Miocene fish faunas 
from inland northern South America indi- 
cate freshwater habitats (3). 

Webb (4) propdses in his Perspective 
that some modern fishes and mammals of 
South American rivers with marine affini- 
ties owe their origin to entrapment upon 
regression of seas. A proximate marine an- 
cestry has long been inferred for several 
Neotropical fish and mammal species or 
small clades, but there is no compelling 
evidence that the ancestors of these groups 
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could not have entered freshwater rivers 
directly, as related taxa do today around the 
world. Webb (4) lists tilefish among these, 
but tilefishes (Malacanthidae) are unknown 

~nitted the ingression of marine waters by 
their infilling of the underfilled axial 

University of Arizona, 
Tucson,  A Z  85721, U S A  

E-mail: dclade@ccit .arizona.edu groove which was, at least at times and in 
nlaces. tens of meters below sea level. A 
marine highstand for the latest Serravallian 
(8) would have augmented this tectonically 
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the Pebasian transgression "with the latest 
Serravallian high global sea stand - 1L1 Ma" 
( I ,  p. 389) on the basis of a report by Haq 
et al. (5). Webb (4),  using associated fossil 
land mammals, suggests an age of about 12 
Ma for both the Pebasian and Paranan 

induced transgressive event. 
The sediments of the Paranan and Peba- 

sian seas were the first units to be deposited 
in relation to this tectosedimentary episode 
which continued until about 5 Ma (6). 
Coeval with and tracking the regression, 
these sediments are transitionally overlain 
by continental units containing Chasicoan 
(-  11 to 9 Ma) and Huayquerian (-9 to 6 
Ma) Land Mammal Age faunas (6). The 
basins were bounded to the west by the 
Quechua thrust front, and to the east by 
the Guyana and Brazilian Shields and 
associated structural arches (Fig. 1). As 
the Andes were built from west to east 

transgressions, which he correlates with an 
earlier part of the Serravallian highstand. 
However, tectonic, not eustatic, event 
created the conditions that permitted both 
transgressions. Beginning about 11 Ma, the 
Quechua tectosedi~nentary episode initiat- 
ed along the Central Andes (6, 7). Resump- 

7. L: G. Marshall eta/. .  Docum. Lab. G6oi. Lvon 125. tion of nearly perpendicular movement of 
the Pacific plate against the western edge of 
the South American plate produced crustal 
shortening, hence uolift, and resulted in 

291 (1 993). 
8.  The eustatic curve (5) at this tme IS "hgh" relative to 

( 6 ) ,  the western edge of the Paranan and 
Pebasian basins were deformed and u~l i f t -  

the lowstand beginning 10.5 Ma, but "low" relative 
to the h~ghstand at 15 Ma. The relevance of this 
eustatc assocaton to this Issue is dubous. 
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10. M. Gayet et ai., Paiaeogeogr. Paiaeociimatoi. 

Paiaeoecoi. 102, 283 (1 993); T. Sempere et ai., in 
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tectonic loading in the cordillera and sub- 
sidence (enhanced by sediment loading) in 
the foreland basin. Because of a lagtime 
before erosion cquld provide enough sedi- 
ment to co~n~ensate  subsidence in the fore- 

ed by subsequent thrust deformation. 
We know of no geologic evidence for 

interconnection of marine or large freshwa- 
ter bodies between the Pebasian and 
Paranan seas, of the Pebasian Sea with the 1 September 1995; accepted 29 January 1996 

land bas~n, its axial groove, which ran ad- 
jacent and parallel to the thrust front, sub- 
sided without being colnpletely filled by 
alluvial deposits (7). This subsidence per- 

present mouth of the Amazon, or with the 
present mouth of the Orinoco (Fig. 1). 
Webb's (4) "species pump" model, based on 
the recognition of three portals of a hypo- 
thetical "Amazon Sea" that divided the 
continent into three land masses, is uncor- 

Resbonse: The cornlnents about our reoort 
( I )  include criticism and colnrnents on 
three main ooints: The interoretation of the 
genesis of the sediments, the value of the 
fish fossils in the sediments as evidence for 
a marine connection, and the question of 
the age of the sediments. 

Paxton et al. and Hoorn point out that 

roborated by geotectonic data (9). 
The tectonic episode beginning at 

about 11 Ma had a major impact on shap- 
ing the modern drainage systems. Earlier 
tectonic episodes documented in the Cen- 
tral Andes (initiated at -73, -59, -43, 
and -27 Ma) ~nonitored earlier phases of 
Andean foreland evolution (6,  10). With 
each episode, the axis of the Andean fore- 

the reported sand-mud couplets with the 
upward coarsening sand could also be 
formed during fluvial flood events. The up- 
ward coarsening and the lower sharp (often 
deformed) surfaces of the mud layers (inter- 
preted to be deposited during flood-tide) are 

land was progressively propagated east- 
ward. Initiation of the eoisode at about 73 

a cornmon feature in the studied sequences. 
Even if an increase in the current in the late 

Ma permitted two marine-influenced 
transeressions into the Andean foreland 

phase of a fluvial flood event is possible, the 
subaauatic de~osition of the mud follows " 

( l o ) ,  and within these basins can be en- 
visioned the earliest record of what todav 

immediately when the current finally 
wanes. This orocess will cause gradual con- 

we call the Amazon, Orinoco, and Parana 
drainage svstems. These earlier tectonic 

- 
tacts to be more common in a fluvial envi- 
ronment. If the mud layers were formed in 
the late phases of fluvial flood events (repi- 
quete), we would also expect the presence 
of desiccation cracks to be more common. 
The runoff channel [figure 3A in our report 
( I ) ]  indicates that the upper part of the 
section has probabl? been subaerially ex- 
nosed. If the runoff channel had been in a 

u ,  

episodes also must have affected the de- 
velooment of trans- and cis-Andean 
drainage systems. Models for the evolu- 
tionary diversification of the Neotropical 
continental biota must, therefore, take 
into account multiple occurrences of vi- Fig. 1. Distribution of Pebas~an and Paranan seas 

(data in 11) .  BA, El Baul arch; CB, Chapare But- 
tress; FM, Freites formation; MAA, Monte Alegre 
arch; PA, Purus arch; PF, Pirabas formation; and 
VA, Vaupes arch. These seas are not continuous 
across southwestern Amazonia, there are no mid- 
lower AmazonIan or Orinoco seaways, and geolog- 
IC structures are shown that monitor the locat~on of 
these late Middle Miocene seas: the Andean thrust 
front, edges of sh~elds, and arches. 

cariance or coalescence. 
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fluvial regime, there would have been 
enoueh time for desiccation cracks to form " 
in the mud layers; instead, soft sediment 
deformation is co~nrnonly found. 

We agree with Paxton et al. that the 
~eriodicitv of the thickness of the sand- 
inud couplets is not regular. However, the 
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es t~n la t e J  point.; of t ime for the  ncap tiilea 
decrease the anlciunt of sedinlenta t~on e\ ,en 
during the  times of  ~rnonl i~lo~rs ly  h ~ g h  bed- 
inlentation that  can re\ult fronr local sctl- 
inlentary con i l~ t ions  or anornillous weather 
conilitions ( 2 ) .  

Paxton et (11. ancl I loorn point out that 
our palcc)current ilirccticins are ccimpatillle 

'rln ge- \ v ~ t h  the  local channel ant1 flooilpl, 
ometry in the  area. T h e  ~ic icu~lrente~l  s;~ncl- 
111uiI couplet seil~ment.; arc sinlilar neither 
to the seil~nlcnt\  of the  nlc~ilern river system 
nor tt) the  C)uatcr-uctr\. alluvi;ll tcrraces in 
the areil They ; t 1 \ < 1  proI~oie th;lt 11lil11y of 
our s e ~ l ~ ~ n e n t a r y  c h , ~ r ~ ~ c t e r i \ t ~ c s  are rc~ninis- 
cent t ) f  the v,+rre;r c~l\,ircinnlcnt of mtitlcr~l 
Anl;~:on~a According t t ~  ~ ( r r  f~el i i  experl- 
cnce in Peru\r~;rn. I3ollvl;rn. ,lnJ Rr;l-.lli;rn 
A~ll;l:on~<+, s ~ n d ~ v ' l v e  ;111Ll ilune t l e p o s ~ t ~ o n  
ilonlinate in the  cli,lnnela, irnll rlpplc\ are 
occ ,~~~on ; l l l y  prewnt only in upper parts c ~ f  
p o ~ n t  hirrs. In fact, stinle nltijern titially 
influencctl fluv~,ll ay\tem\ show processch 
throurh ~ v h ~ c h  the ft)r~n,lrlon and rhvtli- 
1111city of the s~ncl-111~1~1 co~rplets m,+y he 
~t~~der,totiLl (2 ) .  

W e  d.;o 11s~t1 other e v i i l e ~ ~ c e  to Interpret 
the ti<l,rll) influenced cir1g111 ot these d i -  
l I I C l l t \  ~~illlil-lllllii ~~)11171~t.; \ \ . l t l l  the llllltj- 
douplet and the in t e rch , ln~~e l  t;lcies u.ith 
well sorted silncl I;lycrh) for \vhich the ct)~ll-  
nlcntntors give nt) a l ternat~\ .c  c s p l , ~ n a t ~ o n  
Ot the  sand in the  tlet,liletl stuJled snnd- 
muJ  co~rplct\  (11 -- 300) in the ch ,~nne l  
I~tht)st)~lles, !)P"', were rlllple tlrlftetl >,lrlil\. 
T h e  rclualnlng 10"o were p;rrirllel l;lmin;lt- 
etl, crobb l;lnli~i;rtetI (Ll~t~le \ ) ,  or I I I ; I ~ \ I ~ C .  A t  
Acrc, t h ~ s  rel,~ticin seems t c ~  IY V,IIILI tor the 
appr t )~ l~~ l ,+ te Iy  217 Iocat~on\  ~ h c r e  channel 

lithoso~lles were resogn~zed [arrcnva in fig~lre 
5 in ( I ) ] .  This inilic,rtc\ hc>w \vii{cly and 
u~liftlrnlly this type of d e p i ~ a ~ t ~ o n  was present 
at Acre, as n,ould hc expected in a tidally 
influenced environment rather than in a 
fluvial regime of the mtiilcrn Lrar;ea type. 

Pax to~ l  ct (11. nlenticin that all the fish 
t;rxa IVL. cite are typical of modern Anrazo- 
nian ilocid plains. As lve stated ( 1 ) ,  the  fish 
tax;+ \\.ere f;iund 50L1 km north of our re- 
search area (no t  at Acre),  where ft)r;lminif- 
er,r, oYtracc)ll\, and nlollucka indicate an  ep- 
isoilic l.r'~ckish r n v i r ~ ~ n ~ n e n t  and nlarlne 
~nf lucnce together u,ith fluv~,ll anil f l uv~o-  
lacust r~ne c o n t l ~ t ~ o n z  (3).  P,lxton ct al. are 
corrcct that onlv Carcharinus (of the  t,lx'r 
we ~ l l c n t ~ o n )  I.; tkryhallne, while the other 
g r o u p  un~ly h.rve hoth nlarine and frebh- 
water apecic\. As  Marshall and Lundhcrg 
illst) ro lnt  ~ I L I ~ ,  we must walt for rnore J c -  
taileJ specie\ ~ l e t e r m ~ n a t ~ o n s  to  he sure 
ahout their ind~cat ive  value. It 1s poss~hle 
that the sh ,~ rk  teeth reporteil from Acre (4)  
are f r t ~ ~ l l  anlm,ils that had nl~gr,lteii f'rr a\v;iy 
f r o ~ l ~  the  sea, as is known fronl n lo~lcrn  
c ~ ~ \ . ~ r o n ~ i l e n t s .  ( :ons~\ lcr l~lp  the  rc<tr~cteLi 
; I I I IOLII I~  of p ~ ~ l c o ~ ~ t ~ ~ l o g ~ c ~ l l  C O I I L ~ C ~ I O I I  work 
perforrllc\i at  Acre ,  t h ~ \  i., ht)~vcvcr,  un-  
I~kely .  T h e  conllnon prc-scnce of the  spc- 

, L 

Our  tiating of the sediments IS h;lsc~l on  
p ~ i l c o ~ ~ t ~ i l o ~ ~ ~ ~ t l  t l ~ t ; ~  :i11<1 I \  t l l ~ t \  rel ;+t~\ e ~ I I ~ I  
op'11 t t ~  ~ I I S C I I S S ~ ~ I I .  Alt110~1gh e l e~nen t \  f r o ~ n  
adj,lccnt L;IIIJ hlir~ll~ll:al Ages esl't, the 
1110,r I I ~ c I \ '  correl; l t~on w~r. with the tluCry- 
cluerl,ln L n ~ l ~ l  M c ~ ~ ~ l ~ ~ ~ c l l  Age. W e l h  s~lgfie\t\ 
In 111s Perspective (5)  an  olilcr pc~ssihle 
('h? . ' . 
, , clco;~n age fur the  scd~ments .  Also, if a 

connection with the (:arihhe,rn d u r ~ n g  the 
Late Lliocene is ~ rn l~ke ly ,  ac Floor11 argues, 
this nray incl~cate that the sediment.; ilt 
Acre are sl~ghtly olticr than HLrayqueri;rn. If 
this is the c;rse, our orieinnl correlation with 
the latest Scrrcivalli;rn high plohal sea levels 
nlav he v a l ~ d  and ~ l l ace  the event in h l~i ld le  
btioccne, as kloorll cnrrectly polnth out.  
Ho~vcver ,  as Paxron ct (I/. and Marhhall and 
Londhcrg propoae, there need not he a cor- 
rel<ltion usitti high \\sorld sea level. T h e  
Andean tectonic loading on the  Rr,rzilian 
cr<lton margin, resulting in rull.\idcnce in 
the Amazon~an  Foreland I i ~ h i l l .  tlluit he 
taken Into considerat~on when the evolu- 
tion of the  Pehas~an and I'ar,lnan tr ,~n<eres- 
slons are dlscusscd. T h e  l a n ~ l ~ c ; ~ p c  evi)lu- 
tion may well have fiillo~vetl the hypt)thes~z 
of Marshall ant1 L~rntlhcrg. 
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