
electronic characteristlcs of a dislocation 
will vary depending o n  which atomic spe- 
cies is Dresent a t  t he  dislocation core 121 ). ~, 

From the  image data alone, it is clear that  
both dislocations shown here are of the  
glide set (as were all 60" dis locat~ons an- 
alyzed), ind~cat ing the  presence of Cd-  
terminated d i s loca t io~~s  along [ l iO]  and 
Te-terminated d~slocat ions  along [110]. 

In  a manner similar to  that  o fF ig .  2, 
Lorner dislocations viewed along [ I  101 and 
[I101 are shown in  Fig. 3, A and B, respec- 
tively, wlth their corresponding core 
structures in  C and D. As  in the  case of 
60" dislocations, two possible conf~gura-  
tions can  exist that  possess identical Burg- 
ers vectors. In tlljs case, the  core structure 
viewed along [I101 is situated above the  
~nterface  and IS asymmetric in  nature,  best 
described as consisting of five irregular 
sixfold rings surrounding a fourfold ring. 
T h e  exnerimental evidence shows tha t  the  
observed structure is unlike tha t  of the  
Hornstra model i 1 ) ,  which can .be de- 
scribed as a sevenfold ring coupled to  a 
fivefold ring. However, atomic arrange- 
ments similar to the  Hornstra model were 
observed along [I101 but with the  disloca- 
t ~ o n  located exactly a t  the  interface, i n -  
plying that  the  two columns common t o  
both  the  five- and seven-membered rines 

0 

(marked a' and P ' )  were occupied by G a  
atoms. T h e  most likelv rationalization of 
the  observed atomic airangements in  the  
asvmmetric structure is tha t  C d  columns a 
atld P each possess one dangling bond per 
a tom and that  there is also a small shear 
(positive for a and negative f o r  p or vice 
versa) of each column along [ I  101 (paral- 
lel t o  the  dislocation line direction) to  
accommodate a skewed tetrahedral bond- 
ing configuration for atoms in  T e  columns 
y and 6. These  data suggest that ,  possibly 
as a result of the  highly polar nature of t h e  
CdTe ,  the  Hornstra structure is not  ener- 
eeticallv favored when a d~slocat ion oc- 
curs en;irely within the  material. 

T h e  nature of the  observed structures 
in  bo th  the  60" and Lomer dislocations 
glves rise to  a number of questions relating 
to,  for example, dislocation energy, the  
chemical bonding i n  each region, the  elec- 
trical activity, and the  posslble existence 
of a small number of stabilizing impurity 
atoms a t  dislocation cores. Such  phenom- 
ena can  now also be investigated experi- 
mentallv wi th  atornlc resolution varallel- 
detection electron energy-loss spectrosco- 
py (22) .  It should be stressed tha t  although 
asymmetric L o ~ n e r  dislocation core struc- 
tures in  both  Si  (5) and compound semi- 
conductor ( 2 )  systems have been pro- 
posed, they differ from that  observed here 
because it has no t  hitherto been oossible 
to  obtain direct evidence of c o l u ~ n n  ar- 
rangements solely from experimental data.  

A key advalltage of the  Z-contrast tecl1. 8. N Otsuka et a / ,  Appl. Phys. Lett. 48, 248 (1986). 

nisLle is that further theoretical and ex- 9. S. Tatarenko et a/., Appl. Sud  Scl. 41-42. 470 
ii non, 1 I sea,. 

perirnental investigations into the  physics I 0 G, Biasio eta/. . Phys. Rev. Lett. 69, 1283 (1992) 
and chemistry of such atomic conflgura- 
tions can  use the  directlv observed struc- 
tures as a firm foundatioil from which to  
nroceed. Our  observation tha t  core struc- 
tures in  polar materials can  be significant- 
ly different from those i n  nonoolar mate- 
rials should enhance the  imderstanding of 
compound semiconductor heterostruc- 
tures. T h e  ability to  determine dislocation 
core structures directly is expected to  have 
a major impact In lllany other  fields of 
materials science, leading perhaps to  the  
i~nders tandine and control of brittleness. - 
the  key factor l i m ~ t i n g  the  performance of 
structural materials. 
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Sterkfontein Member 2 Foot Bones of the 
Oldest South African Hominid 
Ronald J. Clarke and Phillip V. Tobias* 

Four articulating hominid foot bones have been recovered from Sterkfontein Member 2, 
near Johannesburg, South Africa. They have human features in the hindfoot and strikingly 
apelike traits in the forefoot. While the foot is manifestly adapted for bipedalism, its most 
remarkable characteristic is that the great toe (hallux) is appreciably medially diverged 
(varus) and strongly mobile, as in apes. Possibly as old as 3.5 million years, the foot 
provides the first evidence that bipedal hominids were in southern Africa more than 3.0 
million years ago. The bones probably belonged to an early member of Australopithecus 
africanus or another early hominid species. 

Bloedalisln was attained earlv 111 holninid 
evolution. Skeletal adaptations for this 
form of stance and galt are apparent in  the  
pelvic girdle, h ip  complex, knee joint, and 
foot of African apemen, t h e  australo- 
pithecines ( 1 ) .  T h e  locomotor apparatus 
of early ho~n in ids  was derived from that  of 
quadrupedal, arboreal ancestors (2 ) .  There  
is debate whether arboreal adaptations 
persisted in  australopithecines and,  if so, 
whether arboreal activities were part of 
their locomotor repertoire or whether 

Palaeo-Anthropology Research Un~t,  Department of 
Anatomy and Human B~ology, University of the Witwa- 
tersrand Medical School, 7 York Road, Parktown, Johan- 
nesburq 2193. South Africa. 
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such traits were simply evolutionary bag- 
gage ( 3 ,  4) .  

A discovery a t  Sterkfontein near Johan- 
nesburg, South Africa, of four foot bones 
provides evidence that the  australo- 
pithecine foot possessed an  apelike great toe 
that diverged from the  other toes and was 
highly mobile. T h e  foot bones (Stw 573) 
were found among ~ n a ~ n m a l ~ a n  relnalns that 
had been extracted from Dumn 20 In 1980. 
Although they were not found in  situ, there 
is n o  doubt that they came from Member 2 
of the  six-member Sterkfontein Formation 
(5, 6) .  T h e  approximately 670 homlnid 
mecimens recovered from Sterkfonte~n to 
date have come exclusively from Members 
4 and 5 (7). 
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Member 2, which is much deeper and 
older than Member 4, is rich in fossils- 
especially of cercopithecoids and cami- 
vores-but has not previously yielded 
hominid remains. Its dating could not be 
less than 3.0 million years ago (Ma) and is 
more likely about 3.5 Ma (Fig. 1). Thus, 
the foot bones are the oldest hominid 
specimens in the Sterkfontein sequence. 
They are most probably older than Mem- 
ber 3 hominids (3.0 Ma) from Makapans- 
gat, Northern Transvaal, which are the 
most ancient South African hominid fos- 
sils previously reported (8). They there- 
fore provide the oldest signs of the pres- 
ence of hominids in South Africa. More- 
over, the Sterkfontein foot may be as old 
as, or even older than, the earliest Hadar 
foot bones and possibly nearly as old as the 
Laetoli footprints ( 9 ) .  They probably be- 
long to a species of Australopithecus, pos- 
sibly the earliest available A. afn'canus, or 
to another earlv hominid s~ecies. Stw 573 

bles the human rather than the ape form of 
talus in almost all respects: I t  is a squat, 
foreshortened bone with a small talar neck 
angle, more human in this respect than the 
Olduvai OH8 (10). I t  shows an elevated . , 

medial trochlear margin, a nearly vertical 
sulcus for musculus flexor hallucis loneus, - .  
and absence of anterior cupping of the me- 
dial malleolar facet. 

The left navicular, Stw 57313 (Fig. 3), 
shows an interesting mixture of humanlike 
and apelike features. The tuberosity differs 
from that of African apes and resembles 
those of OH8, Homo sapiens, and Hadar 
specimens AL 333-36 and AL 333-47. As 
in apes, the facet for the medial cuneiform 
is convex over the superolateral two-thirds 
and concave over the inferomedial one- 
third (1  1 ,  12). Features on the lateral half 

suggest that the medial and intermediate 
cuneiform bones were oriented toward the 
axis of an abducted forefoot (1 3 ,  14). 

The left medial cuneiform, Stw 573c 
(Fig. 3), is the best preserved medial cu- 
neiform bone of an early African hominid, 
save for that of OH8 (15-17). It shows 
one human feature: a single L-shaped facet 
for the intermediate cuneiform on its lat- 
eral surface, rather than two facets as in 
apes. In all other morphological features, 
Stw 573c is apelike and different from 
OH8 and modem humans (18-20). The 
implications are that (i) the medial cune- 
iform of Stw 573 (like that of apes) lay in 
a medially diverged position in line with 
an abducted hallux, (ii) the strong m. 
peroneus longus adducted the hallux as in 
grasping movements (3), (iii) a wide range 

comprises a hominid talus, navicular, me- 
dial cuneiform, and first metatarsal, which 
articulate together perfectly as part of the 
medial longitudinal arch of a left foot. The 
four bones constitute the oldest tarsometa- 
tarsal ray of a hominid foot yet discovered. 

The left talus, Stw 573a (Fig. 2), resem- 

Stw 573 OH8 H. sapfens ~ h i m G z e e  Stw 573 OH8 H. z i e m  

Fig. 1. Schematic section through Sterkfontein 
Formation near the east end of Silberberg Grot- 
to, showing five of the six members. In this po- 
sition Member 6 is not present. The shaded 
members have yielded hom!nids; the new foot 
bones are from Member 2. F, flowstone; EU, 
erosional unconformity. Probably appreciable 
lapses of time are evidenced by extensive flow- 
stone between Members 1 and 2 and between 
Members 2 and 3, and by an erosional uncon- 
formity between Members 4 and 5 that forms a 
clear stratigraphic break (27). 

Fig. 2. (A and B) Left first metatarsal of Stw 573 and other hominoids [(A), lateral aspect; (B), proximal 
aspect of base]. The bilobate facet in Stw 573 and OH8 contrasts with the reniform facet in H. sapiens. 
(C) Dorsal aspect of foot bones, showing greatest divergence of the hallux in Stw 573, modest divergence 
in OH8, and fully adducted position in H. sapiens. Contributors to the varus set in Stw 573 are ( i )  the set 
of the medial cuneiform on the navicular, (ii) the medial torsion of the dorsodistal part of the medial 
cuneiform, (iii) the marked cuwature of the distal facet of the medial cuneiform, and (iv) the angulation of 
the first metatarsal at the first cuneometatarsal joint. 
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of movements was possible at the first 
tarsometatarsal joint, and (iv) a locking 
mechanism was available by means of the 
screwing of the base of the first metatarsal - 
into a close-packed position. 

The left first metatarsal, Stw 573d (Fig. 
2). has a highly concave proximal facet to 
receive the convex facet of the medial cu- 
neiform (21), which implies a mobile first 
cuneometatarsal joint. When the metatar- 
sal is locked in position on the medial cu- 

neiform, it is angled medialward in the va- 
rus position (Fig. 2C); this provides power- 
ful evidence that the hallux diverged from 
the other toes. The proximal facet is in- 
dented on both the medial and lateral 
margins and forms a bilobate or 8-shaped 
surface, as in Hadar AL 333-54 (1 2, 15). In 
humans, the medial indentation is slight 
or absent and the facet is reniform. There is 
a strongly marked impression for m. pero- 
neus longus, which probably played an im- 

Chimpanzee Stw 573 OH8 H. sapiens 

Chimpanzee Stw 573 OH8 H. sapiens 

Fig. 3. (A and B) Medial cuneiform bones of Stw 573 and other hominoids [(A), lateral aspect; (B), 
medial aspect]. On the lateral aspect, Stw 573 has an L-shaped facet for the intermediate cuneiform 
as in other hominids, while Pan (chimpanzee) has two separate facets. The "overflow'' of the distal 
facet onto the medial surface in Stw 573 and Pan is shown; the dotted line indicates its proximal limit. 
The extent of this overflow may be determined as the projected distance of the dotted line from the 
distal surface, expressed as a percentage of the projected proximodistal diameter of the bone 
measured on its medial aspect. The greater overflow in Stw 573 than in OH8 and H. sapiens reflects 
more medial divergence of the first metatarsal on the medial cuneiform. The markedly convex distal 
facet connotes a highly mobile joint at the base of the great toe, as in Pan but unlike the flattish facet 
and limited mobility of the joint in humans. (C and D) Navicular bones of Stw 573 and other hominoids 
[(C), dorsomedial aspect; (D), posterior or proximal aspect]. Lateral thinning and strong recurvation in 
Stw 573 and Pan are shown in (C), in contrast with thicker, nearly straight lateral parts in OH8 and H. 
sapiens. In Stw 573, the medial splaying of the forefoot begins as far back as the cuneonavicular joint, 
as shown by a marked angle between the facets for intermediate and lateral cuneiform bones (arrow) 
and the convexoconcave facet for the medial cuneiform. The tubercle in Stw 573 is proximodistally 
elongated (C) and lacks the dorsal protrusion seen in Pan (D). In these respects Stw 573 resembles 
OH8 and the human specimen and differs from Pan. 

portant part in adducting the hallux (4). 
An ill-defined smooth area lies on the 
proximolateral margin, but it is doubtful 
that this was for articulation with the sec- 
ond metatarsal (22). 

The Sterkfontein Member 2 foot is 
small, the foot bones being similar in size to 
those of OH8 but smaller than matching 
bones from Hadar, save for the talus of AL 
288-1 (23). Stw 573 provides a mixture of 
hominid features associated with bipedalism 
and primitive traits associated with a diver- 
gent, mobile, opposable hallux (Fig. 4). The 
hominid characters are evident in the talus, 
navicular tuberositv. and lateral articular 
surface of the medial cuneiform. The many 
apelike characteristics are evident in the 
lateral half of the navicular and its medial 
cuneiform facet, most features of the medial 
cuneiform, and the proximal facet of the 
first metatarsal. The first cuneometatarsal 
joint is a mobile, trochoid articulation, as in 
Hadar (12). with a built-in locking mecha- 
nism in close-packed alignment; in this 
state the metatarsal lies in an impressively 
varus position (Fig. 2C). The humanlike 
hindfoot contrasts surprisingly with the 
Pan-like forefoot. In contradistinction, ,the 
OH8 foot from Olduvai is Pan-like in its 
hindfoot and less so in its forefoot, from 
which Lewis (19) inferred that it had di- 

Fig. 4. The restored foot of the Sterkfontein 
Member 2 hominid, with articulated foot bones 
of Stw 573 in position. The lengths of the first 
and second metatarsals are based on the 
two complete Sterkfontein Member 4 homologs 
Stw 562 and Stw 89, and the phalanges are 
modified after the Hadar foot. The bulge on the 
medial side of the foot overlies the navicular tu- 
berosity. 
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ininished hallucial divergence. Our evi- 
0 

dence points to greater hallucial divergence 
in Stw 573 than in OH8. 

Although the talus of Stw 573 has un- 
dergone reinodeling appropriate to habit- 
ual bipedalism, the medial cuneiform and 
first metatarsal retain primitive, Pan-like 
features, whereas the navicular shows 
compromise morphology, to use Rose's 
term (2) .  Thus, there is evidence for a 
degree of adaptation intermediate be- 
tween the hominoid arboreal foot and the 
human foot adapted for habitual bipedal- 
ism. The change from one form to the 
other developed in a mosaic evolutionary 
fashion; seemingly, in the lineage of A .  
africanus, locomotor changes in the hind- 
foot preceded those in the forefoot. Of 
opposite direction are the mosaic changes 
in OH8,  where "locomotor specialisations 
tend to appear peripherally and progress 
centrally" (24) .  T h e  features of the Stw 
573 talus, like those of Hadar AL 288-1, 
are the result of changes during the tran- 
sition to habitual bipedalism. Our study 
of the foot of Stw 573 demonstrates that,  
in the Sterkfontein Member 2 species, the 
foot has not  sacrificed arboreal compe- 
tence or hallucial opposability. Contrary 
to the view of Latimer and colleagues (3) 
that arboreal capability in early hominids 
should not  be discussed in terms of "de- 
grees" of adaptation, our studies support 
the conclusions of Christie (25) ,  Day, 
Deloison, Senut and Tardieu (26) ,  Stern, 
and Susman that the leg and foot of 
A .  afarensis retain Pan-like features and 
connote an intermediate degree of adap- 
tation. Likewise, we now have the best 
available evidence that the earliest South 
African australopithecine, while bipedal, 
was equipped to include arboreal, climbing 
activities in its locomotor repertoire. Its 
foot has departed to  only a small degree 
from that of the chimpanzee. It is be- 
coming clear that Australopithecus was 
likely not an obligate terrestrial biped, but 
rather a facultative biped and climber. 
The  exact proportion of its activities spent 
on  the ground and in the trees is at present 
indeterminate. 

REFERENCES AND NOTES 

1. Y. Coppens and B Senut, Eds.. Originejs) de la 
Bipedie chez ies Hominides (CNRS, Par~s, 1991), 

2. M. D. Rose, ~n Food Acquisition and Processing in 
Primates, D. J. Chlvers, B. A. Wood, A. B~lsborough, 
Eds. (Plenum, London, 19841, pp. 509-524, In (11, 
pp. 37-48. 

3. B Lat~mer and C. 0. Lovejoy, Am. J. Phys. An- 
thropol. 78, 369 (1989); B. Latimer ~n (1), pp. 169- 
176; J. T. Stern and R. L. Susman. Am. J. Phys. 
Anthropol. 60. 270 (1983): ~n (1). pp. 99-1 11 and 
121-131; B. M. Latmer, J. C. Ohman, C. 0. Lovejoy, 
Am. J. Phys. Anthropol. 74, 155 (1987); B. M. 
Latmer and C. 0. Lovejoy, ibid. 82. 125 (1990): D. N. 
Gomberg and B. Lat~mer, ibid. 63. 164 (1 984). 

4. R.  L. Susman. J. T. Stern W. L. Jungers, F o k  Pri- 
matol. 43. 11 3 (1 984). 

5. The foot bones emanated from Dump 20, a rubble 
dump left by Ime workers withn Slberberg Grotto, 
where Members 1, 2, and 3 are exposed. Member 
1 IS the oldest but conta~ns hardly any bone. Mem- 
ber 3 IS fossl-bearing, but bones are not plentiful 
and those ava~labe have a different physca state 
from the foot bones. Member 2 has a dense accu- 
mulation of bones, Including articulated parts of 
skeletons. The state of preservation of the foot 
bones 1s consstent w~th that of fossils from in s tu 
Member 2. 

6. T. C. Partr~dge, Nature 275, 282 (1978); a n d  
1 .  B. Watt, Paiaeontol. Afr. 28, 35 (1991); P. V. To- 
bias, S. Air. J. Sci. 75, 161 (1979). 

7. Member 4 has y~elded some 645 specimens, all or 
most of whch belong to Austraiopithecus africa- 
nus. The datng of this member 1s 2.6 to 2.8 Ma [J. 
K. McKee, J. Hum. Evoi. 25, 363 (1 993)l. Member 5 
has y~eded a small number of hominid specmens 
and stone tools: the datng of part of Member 5 IS 

just under 2.0 Ma [R. J. Clarke, n Hominld Evolu- 
tion: Past, Present and Future, P. V. Tobas, Ed. 
(Wley, New York, 1995), pp. 287-2981, These dat- 
lngs are based on faunal stud~es controlled by the 
newest recabraton of East Afrcan paleomagnetc 
results. 

8. E. S. Vrba, In Congres International de Palaeontolo- 
gie Humaine Pretirage (CNRS, Nce, France, 19821, 
VOI. 2, pp. 707-752. 

9. M. D. Leakey and R. L. Hay, Nature 278, 31 7 (1 979). 
10. 0. J. Lew~s, J. Anat. 130, 527 (1 980). 
11. A concavoconvex contour of the navcuar dsta fac- 

et IS present, although less marked than ~n Stw 573, 
n Hadar AL 333-36 and AL 333-47, and OH8; the 
facet IS flat to concave n humans [R. L. Susman and 
J. T. Stern, Science 217, 931 (198211. 

12. Y. Deloison, C. R. Acad. Sci. Paris 299, 1 15 (1 984); 
In (1) pp. 177-186: thes~s, Univers~te de Paris 
(1 993). 

13. The lateral part of the navicular lacks a facet for 
the cubold bone, such as occurs n apes (19), 
but apel~ke features of Stw 573b include strong 
lateral recurvaton, a narrow dstance between the 
talar and lateral cune~form facets, and a marked 
angle between the facets for the intermed~ate and 
lateral cunelform bones. These features occur n 
the Hadar and Oduva naviculars, but in OH8 they 
are not as marked as n the Sterkfontein and Hadar 
specimens. 

14. L. Alelo and C. Dean, An Introduction to Human 
Evolutionaiy Anatomy (Academic Press, London, 
1990). 

15. B. M. Latimer, C 0. Lovejoy, D. C. Johanson, Y. 
Coppens, Am. J. Phys. Anthropol. 57, 701 (1982). 

16. D. C. Johanson eta/., ibid., p. 403. 
17. R.  L. Susman, in Swadkrans: A Cave's Chronicle of 

Eariy Man, C. K. Braln, Ed. (Transvaal Museum 
Monographs, Pretor~a, South Afrca, 1993), pp. 11 7- 
136. 

18. The angle between the navcuar facet and the up- 
r~ght limb of the L-shaped facet on the lateral sur- 
face IS c90°, as in Pan and unlike the obtuse angle 
n OH8 and modern humans. This indicates that the 
Stw 573 medal cuneiform 1s orented closer to the 
axls of an abducted hallux, whereas ~n OH8 and 
modern humans ~t IS appressed laterally aganst the 
intermedate cunelform, In conform~ty w~th an ad- 
ducted hallux. The facet for artculat~on between 
the med~al cuneiform and the second metatarsal 1s 
w e  developed in Stw 573, as in Pan, and is more 
extensve than In OH8 and modern humans. On the 
medal surface, the frst metatarsal facet overflows 
from d~stal to proxmal, as n apes where this en- 
croachment conforms w~th  halluc~al divergence. 
The prox~mal encroachment in Stw 573 extends for 
some 33% (projected dstance) of the prox~mgds- 
t a  surface d~ameter; it reaches 35 to 40% In a small 
sample of Gorilla and nearly 50% In Pan (see Fig. 
3B). OH8 and humans show v~rtually no such en- 
croachment. The dorsal part of the medal surface 
IS tw~sted on tself dorsomed~ally, carrying the 
metatarsal facet wlth ~ t .  Thls feature 1s strikng ~n 
Gorilla and, to a lesser degree, in Pan, whereas ths 
part of the medal surface leans laterally In humans 
and OH8. The facets for m, peroneus ongus are 
strongly developed on the Stw 573 medal cunei- 

form and f~rst metatarsal. The large facet for the first 
metatarsal IS h~ghly convex wlth a rounded hump 
running along the long axs of the facet, as in Hadar 
AL 333-28 (15-17). In Stw 573 the upper part of 
ths surface IS markedly convex and is confluent 
below w~th  a concave area, as n OH8 (19). These 
primtve character~stcs are shown by Gorilla and 
Pan. 
0. J. Lews, Am. J. Phys. Anthropol. 37, 13 (1 972); J. 
Anat. 131, 275 (1980). 
In humans the dsta surface 1s sl~ghtly curved to flat. 
According to Susman, humanke flatness of the ds -  
ta  facet ~n SKX 31 117 from Swartkrans Member 3 
ndcates an adducted rather than an opposable hal- 
lux (17, p. 129). 
In ~ t s  concave proxmal facet, Stw 573d resembles 
Sterkfonten Member 4 homoog Stw 562, as well as 
Hadar AL 333-54 (12, 13) and Pan, but differs from 
SKX 501 7 and modern human homologs w~th slght- 
y concave or plane facets. 
Such ~mpressons are commonly stes for attach- 
ment of oblique ligaments on the lateral aspect of 
the halluc~al tarsometatarsal jont (19). Lews found 
such markngs n Gorilla, whch we have confrmed 
on one specimen, and we have located them In 
several Pan specmens. Thus, the presence of an 
~mpression is not directly relevant to the set of the 
haux  (19). 
Some dimensions of Stw 573 In comparison with 
those of Isolated Hadar homologs: maximum length 
of talus, 42.8 mm (AL 288-1, 35.7 mm); greatest 
med~olateral diameter of nav~cular, 34.0 mm (AL 
333-36, 37.0 mm; AL 333-47, 36.3 mm); maxmum 
proximodista d~ameter of med~al cunelform, 17.0 
mm (AL 333-28, 21.4 mm); greatest dorsoplantar 
dameter of first metatarsal base. 21.0 mm (AL 333- 
54. 23.5 mm). The Hadar measurements are from 
(15) and (16). 
M. H. Day and B. A. Wood, Man 3, 440 (1968). 
P. W. Chr~st~e, Am. J. Phys. Anthropoi. 47, 123 
(1 977). 
B. Senut and C Tardeu, n Ancestors: The Hard 
Evidence, E Deson, Ed (Lss, New York, 1985), pp 
193-201 
T C. Partr~dge (personal communicat~on) reports: 
"A number of indicators point to Member 2 beng 
substantially oderthan Member 4. Frst, Member 3 IS 

of consderable thickness, averagng about 6.5 m. 
Data from comparable doomitc cave fills suggest 
that this th~ckness would take about 300,000 to 
500,000 years to accumulate. Secondly, E. S. Vrba 
[(8); Nature 254, 301 (1975)l found that the antelope 
fauna of Member 4 was adapted to well-developed 
bush cover: a substantla tree component IS attested 
by the presence of ianas of the forest genus Dicha- 
petalum in Member 4 (M. Bamford, 28th Annual Re- 
port, PARU 1994, Universty of the Witwatersrand, p. 
121, In contrast, Member 5 antelopes include many 
grassland species. A s~gnificant shift toward dr~er 
cond~t~ons 1s lndlcated; th~s probably coincides, at 
least In part, w~th the Member 4-Member 5 uncon- 
form~ty. Comparsons wth well-dated faunal assem- 
blages from East Afrca conf~rm that this change co- 
ncdes w~th a faunal turnover which, on the recai- 
brated paleomagnetc timescale, 1s placed between 
2.7 and 2.5 Ma. Thus, it IS probable that Member 4 
predates 2.6 Ma. On thls bass, Member 2 could 
hardly be younger than 3 Ma, and IS probably closer 
to 3.5 Ma." 
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