
s~gnificalltly h~gher  than that of the corre- 
sponding thin-film sample in L1 (30°/6). The 
x-ray analysis of this sample confirmed tbe 
cubic perovskite structure with a = 3.82 4 .  

It has been suggested (3) that the CMR 
effect in the Ca-doped LaMnO? system orig- 
inates from "double exchange" electron- 
hopping processes between Mn3+ and Mn4+ 
ne~ghboring sites through the 0'- anion 
between them (10). In these processes, the 
e, itinerant electron conduction or hopping 
rate t, = tocos(0,J/2), where 8, is the angle 
between local s ~ i n  directions of electrons on 
neighboring sites i and j, and to is the hop- 
ping rate In a perfect ferro~nagnetic state. 
The application of an external field may 
align the disordered local spins during a 
ferromagnetic transition and thereby in- 
crease electron conduction or even ~nduce 
an insulator-metal transition through strong 
interaction between itinerant electron and 
local spins. In this model, the MR effect may 
be induced by an external field w11en the 
system is in tknsition toward the ferromag- 
netic state. In this aspect, our data are con- 
sistent with this model. that is. MR effects 
appear only below the C u r ~ e  temperat~lre 
(T - 150 to 200 K) and decreaae below the 
sacration field (-30 to 40 K) (Fig. 3). 
However, the role of alkaline earth ion size 
in the MR effect remains unclear. In doned 
LaMnO, systems, it appears that smaller 
d o ~ a n t  size favors the MR effect (5), where- 
as In doped LaCo03 systems, the opposlte 
effect 1s observed. 
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Molluscan Diversity in the Late Neogene of Florida: 
Evidence for a Two-Staged Mass Extinction 

Edward J. Petuch 

Analyses of recent data show that Floridian molluscan diversity declined markedly during 
the Pliocene-Pleistocene mass extinction. This decline in diversity was seen at all trophic 
levels, indicating a complete collapse of the ecosystem. These findings contradict the 
notion that there was a species diversity stasis throughout the Pliocene-Pleistocene and 
that the diversity of Pliocene Florida was equivalent to that of Recent Florida. The mass 
extinction was a two-staged, sequential event. A similar two-staged mass extinction 
occurred in the Miocene, indicating that two ecological catastrophes in quick geological 
succession may have produced this mass extinction as well. 

Studies of tropical western Atlantic Plio- 
cene (Plio)-Pleistocene tnolluscan mass ex- ~, 

tinctions (1-8) have resulted in two con- 
flicting concl~~sions. The main data source " 

used to arrive at these antitheses was the 
rich upper Neogene rnoll~1scal1 fossil beds of 
southern Florida (deposited within the Flo- 
ridian component of the Plio-Pleistocene 
Caloosahatchian Molluscan Province) (2 ,  
6 ,  9). One collclusion (4)  was that diversity 
(at both the generic and specific levels) 
decreased dramatically in Florida d~lrlng 
late Pliocene-early Pleistocetle time, pro- 
ducing an impoverished ~ n ~ d d l e  and late 
Pleistocene fauna and a reconstituted b ~ ~ t  
less diverse Recent Floridian fauna. The 
other conclusion (8)  was that although 
Plio-Pleistocene rates of extinction were 
high in Florlda, the overall illversity (spe- 
cies level) has remained relatively constant 
from the Pliocene to the Recent. This was 
explained by a high rate of recruitment 
(origination), p rod~~ced  by invasion and 
s~ec ia t ion ,  that balanced the net  loss due 
to extinction. Both notions, however, 
ryere hampered by itlcolnplete lnuseum 
collections and by variable reporting in 
the literature. 

Data sources and compendia have re- 
cently become available that offer a more 
conlplete database of molh~scan diversity 
(10, 11). When put into a new stratigraphic 
and geochronological scheme (1 2 ,  13), the 
data on ~nacrogastropod diversity reveal 
patterns of extinction and faunal impover- 
ishment. In an attempt to illustrate such 
patterns, I selectcJ eight dominant macro- 
gastropod families for analysis, with each 
represetltlng a major trophic level within ~ t s  

Dvison of Geological Oceanography, Department of Ge- 
ology, Flor~da Atantc Unverst)/ Boca Raton FL 33431, 
USA. 

respective mc~lluscan community. Included 
are algal film grazers (PotamidlJae), sea 
grass anil epibiont feeders (Cypraeidae), 
suspension anLl de t r i t~~s  teeilers (T~lrritelli- 
Llae), large general carnivores (Rusy- 
conidae), small general carnivores (BLIC- 
ciniiiae), molh~sc i \~~res  (Muricidae), vermi- 
vores (Con~iiae) ,  and specialized s~~ctorial  
feeders (Cancellariiilae). If a mas, estinc- 
tion tr~lly occurred, with a correspond~ng 
ilrop in species diversity, it would he safe to 
assume that many, if not all, trophic levels 
within an ecosystem woilld suffer. 

As can he seen in Table 1 anJ  Fig. 1, all 
eight families reached a peak of specles 
diversity during the m~ddle Pinecrest Beds 
(PB2, [inits 5, 6, 7) at approsilllately 3 
million years ago (Ma) (14). Species iliver- 
sity ilecli~led at the end of Pinecrest Beds 
time, rose again during Caloosahatchee 
time, at approximately 1.5 to 2 Ma, and 
then Llroppeii prec~pitously during the late 
Pleistocene (Rermont to Fort Tho~npson 
interlral). With the exception of the 
Conidae, with five aLlLlitiona1 species, and 
the Potarnididae, w t h  an ecluivalent num- 
ber of species, all other families show a 
much lower species diversity in Recent 
Floriila. If a11 three Pinecrest Beds falunas 
are consiiiercil in unison, as in (S) ,  then the 
total number of P~necrest Beils species is 
I I I L I C ~  larger for all eight f,~milies. In the 
case of sollie families, such as the Busy- 
conidae, the difference hetween the late 
Pliocene Pinecrest Beds anil the Recent 
fauna is over eightfolil. Other families, such 
as the Cypraeidae, Turr~tellidae, and Can- 
cellarlidae, all exhibit differences ranging 
from factors of 4 to over 5. The sallle pat- 
tern is seen at the generic level, as shown 111 

Tahle 2. W ~ t h  the exception of the Cy- 
praeidae (because of late Pleistocelle inva- 
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sion and recruitment) 110). seven families amples, ~ m p l y  that abrupt cooling and a n  vived o n  into the  Pleistocene (as new and 
different species). By Caloosahatchee tiine, 
climatic conditions apparently returned to  
those of Pinecrest Reds tiine. as evidenced 

, ~ ,  

are shown to have had more genera during 
the  late Pliocene than are found in Recent 
Florida. 

These data all indicate that the  late 
Pliocene molluscan mass extinction was a 

accompanying reduction in productivity (as 
shown by the corresponding drop in diver- 
sity in the  detritivore-suspension-feeding 
family Turritellidae) caused this extinction 
event. T h e  present data do  not  support the  
proposition of a Plio-Pleistocene species di- 
versity stasis (8). 

T h e  data show that the  Plio-Pleistocene 

by incipient species radiations of several 
main groups such as Siphocypraea and Con-  
traconus (10).  A t  the  end of Caloosa- 
hatchee tiine (early Pleistocene) a second 
extinction event took ulace, and this acted 

real event,  and they substantiate the  find- 
ings of Stanley (3,  4) and Stanley and 
Campbell (1).  T h e  sharp drop in the nuin- 
ber of genera between the late Pliocene and 
Recent, uarticularlv in such stenothermal 

. , 

as the "coup de grsce" for even these last 
remnants of the  great Pliocene eastern 
American molluscan fauna. 

This pattern of a two-staged lnolluscan 
mass extinction mav not be uniilue to  the  

mass extinction was not  a single, one-time 
event but a two-staged, sequential event. 
Both extinction episodes occurred in close 
geochronological s~~ccess ion,  and the ex- 
tinction couplet is seen o n  the  graph shown 
in Fig. 1. On the basis of the  data in Tables 
1 and 2,  the first and strongest extinction 
event took place a t  the  end of Pinecrest 
Beds tiine (PB3) and resulted in a much 
lowered species diversity. Although such 
genera as Rhipophos, Extractrix, and Virgico- 
nus and many others became extinct in 
Florida, some groups such as Pterorhytis, Ac- 
antholabia, Solenosteira, and Massyla sur- 

tropical and subtrApica1 indicator families 
as the  Potamididae and the  Conidae, also 
supports the  extinction model of Stanley 
(4). Of all eight families, the  Buccinidae 
seeins to  have suffered the  greatest extinc- 
tion a t  both the  specific and generic levels, 
and it seems never to have fi~lly recovered 
after the mass extinction. Hieh tronical 

Plio-Pleistocene event. A similar but more 
widely spaced couplet is seen in the middle 
and late Miocene of the  Atlantic coastal 
plain. Here, a Serravalian extinction event 
was recentlv documented 115) and was 

genera such as Cymatophos and Trajana all 
became regionally extinct after Pinecrest 
Beds time but have survived in the  tronical 

shown to have resulted in a 'drop in  diver- 
sity and a loss of such distinctive gastropod 
genera as Ecphorosycon, Stephanosalpinx, 
Trisecphora, and Patuxentrophon. Climatic 
conditions became more tropical by the  
earlv Tortonian, as evidenced bv the first 

Eastern Pacific. These, and many other ex- 

Table 1. Number of species in predominant macrogastropod families found in southern Floridian 
Plio-Pleistocene faunizones (arranged by ecology). PBI, Pinecrest Beds fauna, units 8, 9, and 10; PB2, 
Pinecrest Beds fauna, units 5, 6, and 7; PB3, Pinecrest Beds fauna, units 2, 3 ,  and 4; C, Griffin Pit and 
Caoosahatchee fauna; BE, Bermont and Holey Land fauna; FT, Fort Thompson fauna; R, Recent fauna. 
Data taken from (10) and (1 7). 

appiarance of genera such as ieptoconus, 
and both suecific and generic diversitv 
climbed to former levels. By the late Tor- 
tonian and Messinian, however, a second 
extinction event occurred (6)  and most pre- 
Serravalian survivors, as exemplified by the  
busyconids Turrifulgur and Sycops~s, died 

Number of species in faunizones 
Family and ecology 

PB I PB2 PB3 C BE FT R 
out. Another recent analysis of a Inass ex- 
tinction a t  the  end of the  Permian (1 6 )  has, 
again, revealed a similar two-staged pattern. 
Detailed studies of other faunal impoverish- 
ments throughout tiine inav show that these 

Potamididae, algal f~lm grazers 
Cypraeidae, sea grass feeders" 
Turritellidae, suspension-detritus 
Busyconidae, general 

carnivores, large 
Buccinidae, general carnivores, 

small 
Muricidae, molluscivores 
Conidae, vermvores 
Cancelariidae, specaized 

suctorial 

u 

couplets are recurrent events and that they 
may be typical, if not necessary, compo- 
nents of mass extinctions. 

-- 
* Potam~d~dae 

* Cancellarl~dae 

PB1 PB2 PB3 C BE FT R 
Faunizone 

Fig. 1. Number of specles n e~ght ecolog~cally 
exclusive gastropod f a m e s  arranged geochro- 
nolog~cally by faun~zone Data ponts are llsted In 
Table 1 PB1 (3 5 Ma) PB2 (3 Ma) and PB3 (2 5 
Ma) (Pnecrest Beds 1 2, 3) late P~ocene C (Ca- 
loosahatchee) (1 5 to 2 Ma), Pilo Ple~stocene 
boundary and early Ple~stocene BE (Bermont) (1 
Ma) m~ddle Ple~stocene FT (Fort Thompson) 
(1 50 000 years), late Ple~stocene R Recent Flor 
d a  fauna Datlng s t e d  under (14) 

-Based on living relative Cypraea mus and paeoenvironrnental nferences 

Table 2. Number of genera in predominant macrogastropod families found in southern Floridian Plio- 
Pleistocene faunizones, showing times of extinction (both regional and complete). Po, total number of 
genera at beginning of Pinecrest Beds time; E,, number of genera that became extinct at end of Pinecrest 
Beds time; E,, number of genera that became extinct at end of Caloosahatchee time; E,, number of 
genera that became extinct at end of Bermont time; E,, number of genera that became extinct at end of 
Fort Thompson time; R,  number of genera found in Recent Floridian neritic fauna. Data taken from (10) 
and (1 7). 

Number of genera 
Family 

Po ED Ec Eb Ef R 

Potamididae 4 2 0 0 1 1 
Cypraeidae 2 0 1 1 0 3" 
Turritellidae 7 2 2 0 0 3 
Busyconidae 7 0 2 0 0 5 
Buccinidae 15 7 2 0 0 6 
Muricidae 21 3 5 1 0 15t 
Conidae 8 1 1 0 0 4 
Canceariidae 9 2 3 0 0 5 3: 

*The genera Erosar~a Luna and Macrocypraea appear in the early and late Pleistocene. -;The genera Car~biella and 
Tr~pterotyphis appear n the Recent fauna and Trachypoll~a first appears in the Berrnont fauna. :!:The genus Bive- 
topsla appears in the Bermont fauna. 
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Geomorphically Driven Late Cenozoic Rock 
Uplift in the Sierra Nevada, California 

Eric E. Small* and Robert S. Anderson 

Geologists have long accepted that the Sierra Nevada, California, experienced significant 
late Cenozoic tectonically induced uplift. Aflexural-isostatic model presented here shows, 
however, that a large fraction of the primary evidence for uplift could be generated by the 
lithospheric response to coupled erosion of the Sierra Nevada and deposition in the 
adjacent Central Valley and therefore requires less tectonic forcing than previously be- 
lieved. The sum of range-wide erosion and the resultant isostatic rock uplift would have 
lowered Sierra mean elevation by 200 to 1000 meters since 10 million years ago and could 
also have increased summit elevations during the current period of relief production. 

F o r  a century, geologists have thought that 
the  Sierra Nevada (Sierra) crest (Fig. 1) has 
been uplifted about 2000 m by tectonic 
forces in the  late Cenozoic (1-3). This up- 
lift event is enigmatic because it occurred 
100 million years after arc-related crustal 
thickening in the Sierra (4) .  England and 
Molnar (5 )  proposed that much evidence 
used to infer mountain uplift, similar to that 
reported for the Sierra, may actually reflect 
either exhumation or isostatically driven 
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rock uplift rather than tectonically driven 
surface uplift. In  addition, they hypothe- 
sized (6) that much of the  data ilnterpreted 
as evidence for late Cenozoic uplift events 
could instead have been generated by global 
cooling, thereby challenging proposals that 
the reputed late Cenozoic uplift had caused 
global cooling (7). 

Surface uplift is the change in mean ele- 
vation with respect to the geoid averaged 
over > lo3 km2, rock uplift is displacement of 
individual points (rocks) with respect to the 
geoid, and exhumation is displacement of 
points with respect to the surface (5).  These 
terms are related: surface uplift equals rock 

uplift minus exhumation. Rock uplift can be 
driven by tectonic forcing or by the isostatic 
response to exhumation. Before using any 
geologic data to constrain the amount of 
surface uplift attributable to tectonic forcing, 
one must first assess how much of this geo- 
logic signal was generated by exhumation 
and the resultant isostaticallv driven rock 
uplift. Here, we quantify what fraction of the 
evidence for late Cenozoic Sierra uplift was 
produced by these latter processes. 

T h e  prilnary evidence previously used to 
calculate the magnitude and timing of Si- 
erra uplift was the  westward tilt of markers 
(Fig. 2) (1-3), including stratigraphic hori- 
zons in the eastern Great Vallev sedimen- 
tary sequence and abandoned flivial chan- 
nels filled with dated volca~lic flows and 
a l l u v i ~ ~ m  along the western Sierra margin. 
Most studies, as well as our own, have 
focused o n  unlift nor th  of 36. j0N because 
tilted markers do  not  exist farther south 
(Fig. 1 ) .  In  previous studies, crestal uplift 
was calculated by simple linear projection 
of tilted markers to the  crest (Fig. 2).  Four 
assumptions were made in these studies: 
( i )  t he  Sierran block rotated rigidly, ( i i )  
there was a constant hinge line position, 
(i i i)  all tilt exceeding modern stream gra- 
dients indicates deformation, and (iv) 
there was n o  erosion ( 2 ,  3 ) .  T h e  last as- 
sumption was not  explicitly stated. T h e  
tilt rate deduced from stratigraphic mark- 
ers more than  doubles 3 to  4 million vears 
ago (Ma) ;  this observation lead research- 
ers to  argue for accelerated uplift toward 
the  present (2 ) .  Huber (2)  calculated about 
2000 m of crestal uplift since 10  Ma,  with 
1000 m of this uplift occurring since 3 Ma. 
This  crestal uplift corresponds to  a 1000-m 
increase in  mean elevation (surface uplift) 
since 10 Ma if all four of these assumptions 
are valid. Secondary evidence used to ar- 
gue for late Cenozoic uulift comes from 
studies of paleobotany (8), sediment prov- 
enance (9), and the  depletion of deuteri- 
um in Great  Basin ground water (10) .  

T h e  tilt of western Sierra geologic mark- 
ers unambieuouslv records differential rock 
uplift, with greater rock uplift occurring 
within the Sierra than in the  adjacent Cen-  
tral Valley. Rock uplift could have been 
driven by tectonic forcing or by the isostatic 
response to geomorphic forcing, or both. 
Tilt  observed a t  the western Sierra margin 
can be used to  quantify tectonically driven 
surface uplift of the  range only in the ab- 
sence of exhumation (5), that is, when 
surface uplift equals rock uplift. Previous 
researchers have implicitly assumed that tilt 
indicates differe~ltial surface uplift and, 
therefore, that it is both tectonic in oripin " 

and has increased Sierra mean elevation. 
Several t ime-de~enden t  tectonic mecha- 
nisllls have been proposed to e x p l a n  the  
accelerating Increase 111 mean elevation 
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