among the drugs used in the current analy-
sis. For example, the topoisomerase I group
is comprised solely of camptothecin deriva-
tives, and we do not yet know whether the
network will recognize chemically different
subclasses of topoisomerase I agents when
and if they are identified. Finally, mecha-
nisms operating in the assay may not always
be the most prominent ones in vivo or in
other cell culture systems.

As often happens, some of the most
intriguing clues may come from the data
that do not fit. For example, the network
with three hidden layer PEs classified mito-
mycin and porfiromycin as antimitotics in-
stead of alkylating agents. (When five or
more hidden layer PEs were used, the clas-
sifications were correct.) Interestingly,
these compounds react in the minor groove
of DNA, whereas all of the other alkylators
in the data set react in the major groove. It
will be important, therefore, to test other
types of minor groove binders, such as
tomaymycin, the anthramycins, and the
pyrrolo-1,4-benzodiazepines. The classifica-
tion network thus appears to be a good
source of clues as to the fine structure of
mechanistic categories, and sometimes
those clues come from a comparison of
optimal and nonoptimal networks.

We are currently using neural networks
in the prospective analysis of new com-
pounds tested by the NCI drug screening
program. It appears that neural computing,
when combined with other statistical tech-
niques for pattern recognition and decision
making, can play a productive role in the
development of new agents for the treatment
of such diseases as cancer and acquired im-
munodeficiency syndrome (AIDS).
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Age and Duration of Weathering by “°K-4°Ar and
40Ar/3°Ar Analysis of Potassium-Manganese Oxides

Paulo M. Vasconcelos, Tim A. Becker, Paul R. Renne,
George H. Brimhall

Supergene cryptomelane [K,_,(Mn3+*Mn**), 0, - xH,0] samples from deeply weathered
pegmatites in southeastern Brazil subjected to “°K-#°Ar and “°Ar/3%Ar analysis yielded
40K-40Ar dates ranging from 10.1 + 0.5 to 5.6 = 0.2 Ma (million years ago). Laser-probe
40Ar/39Ar step-heating of the two most disparate samples yielded plateau dates of 9.94 +
0.05 and 5.59 + 0.10 Ma, corresponding, within 2 g, to the “°K-4CAr dates. The results imply
that deep weathering profiles along the eastern Brazilian margin do not reflect present
climatic conditions but are the result of a long-term process that was already advanced by
the late Miocene. Weathering ages predate pulses of continental sedimentation along the
eastern Brazilian margin and suggest that there was a time lag between weathering and
erosion processes and sedimentation processes.

Rates of chemical interaction between
rocks and the hydrosphere and atmosphere
at the Earth’s surface have only rarely been
constrained by direct dating techniques (1).
Radiocarbon residence times, uranium se-
ries dating (2), thermoluminescence tech-
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niques, and more recently °Be (3, 4), 3°Cl
(5, 6), %Al (3), He (7, 8), and oxygen
isotopes (9) have been used successfully in
special cases to constrain weathering or
exposure ages. The ages of many weather-
ing surfaces in tectonically stable cratons,
however, are beyond the useful limits of
some of these techniques. Other techniques
either are inapplicable because of the lack
of datable overlying volcanic deposits (9) or
are unreliable because they require assump-
tions about element immobility after incor-
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poration into the weathering profile (3, 4).
Supergene alunites and jarosites formed by
weathering have been dated directly by
40K-*°Ar (1). Although the results are en-
couraging, the fine-grained nature of super-
gene alunite and jarosite (1), the relatively
high solubility of alunite and jarosite in
aqueous solutions, and the commonly inti-
mate intergrowth of supergene alunite and
jarosite with hypogene phases (I) restrict
the applicability of these minerals as dat-
able phases. Thus, a direct dating tech-
nique that can be broadly applied to prod-
ucts of hydrochemical weathering reactions
is needed.

Modern laser-heating “°Ar/>°Ar dating
techniques have been successfully applied
to the study of very small grains from
igneous, metamorphic, and sedimentary
rocks, as well as to the study of meteorites
and lunar samples (10). The fine resolution
possible with this method makes it uniquely
suited to the study of complex mineral
intergrowths present in the weathering en-
vironment. Ideally, a supergene mineral
datable by the laser-heating *°Ar/°Ar
method should (i) be widely distributed; (ii)
be stable under most climatic environ-
ments; (iii) be easily separable, by physical
methods, from hypogene phases; (iv) con-
tain sufficient K; and (v) be retentive of Ar
and K. Potassium-bearing manganese ox-
ides, especially cryptomelane and holland-
ite, fulfill these requirements (11). In this
report, we present the results of the appli-
cation of “°K-*°Ar and “°Ar/*°Ar dating of
K-Mn oxides to the study of weathering
processes in southeastern Brazil.

A great variety of manganese oxides
exist in nature (I12-14); most are fine-
grained. The most commonly known man-
ganese oxide, pyrolusite (MnO,), is
thought to be the main component of soil
manganese nodules and concretions, den-
drites, and manganese coatings on weath-
ered surfaces. Increasing application of
fine-scale electron microscopy and spec-
troscopic techniques indicates that many
of the manganese oxides in the weathering
environment are actually complex manga-
nese phases such as cryptomelane
(K;_,MngO, xH,0), hollandite [(Ba,K),_,-
MngO,¢xH,Ol,  bimnessite  [(Na,Ca,K)-
(Mg,Mn)MnO,,3H,0], and todorokite
[(Na,Ca,K) Mg,Mn?*)Mn;0,,«H,0] (12,
13, 15-17).

We used “°K-*°Ar and *°Ar/*°Ar dating
of authigenic cryptomelane to date the
advance of weathering fronts in granite-
pegmatitic bedrock in southeastern Brazil.
The area of study, Divinos das Laranjeiras,
Minas Gerais, Brazil (Fig. 1), is character-
ized by deeply weathered Precambrian and
Proterozoic schists, gneisses, granites, and
pegmatites surrounding rounded unweath-
ered granitic-gneissic inselbergs.(18).

452

Unweathered pegmatites contain coarse
quartz, potassium feldspar, muscovite, bi-
otite, tourmaline, beryl, spodumene, topaz,
as well as phosphates, axinites, sulfides, and
some carbonates, which commonly fill the
large miarolitic cavities. These pegmatites
are enriched in Mn, as indicated by the
presence of Mn-bearing phosphates such as
rockbridgeite, manganovariscite, frondel-
ite, strunzite, and jahnsite (19, 20) and
spessartite garnets. The reactive silicate,
sulfide, carbonate, and phosphate minerals
in pegmatites are readily weathered when
exposed to acid oxidizing surface condi-
tions. Weathering of feldspars and micas
results in the formation of large amounts of
kaolinite, whereas quartz remains unal-
tered. During weathering, the open miar-
olitic cavities become propitious loci for the

precipitation of pure, euhedral, and coarse
crystalline supergene phases. Supergene
iron and manganese oxides form stalactitic
and- stalagmitic encrustations on weather-
ing-resistant primary minerals such as
quartz, beryl, and tourmaline and also occur
as pseudomorphic replacement of primary
phosphates, axinite feldspars, and garnet.
We analyzed manganese oxides from eight
different weathered pegmatites.

Scanning electron microscopy (SEM),
electron microprobe analysis, x-ray diffrac-
tion, high-voltage electron microscopy
(HVTEM), and analytical electron micros-
copy confirmed that the samples are
monomineralic. Analysis of the samples by
HVTEM and SEM indicated that single
cryptomelane crystals are 10 to 20 wm long
and <1 pm in diameter. We paid particular
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Fig. 1. Geologic map and cross section of the Rio Doce Valley area, southeastern Brazil, showing
the location of deep weathering profiles and inselbergs in the interior and Tertiary and Quaternary
sediments (South Capixaba plateaus, coastal plateaus, and deltaic complexes) along the coast.
Sample location is indicated by a small arrow. The large arrow indicates the direction of sediment
transport. The stippled pattern on the inset map indicates the location of Barreiras Group sediments
deposited along the Brazilian coast. Minas Gerais State (MG), Campos Basin (C.B.), Espirito Santo
Basin (E.S.B.), and Santos Basin (S.B.) are also shown on the inset map.
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attention to the possibility of intergrown
phases, particularly K-bearing phyllosili-
cates, that could affect the results obtained
from “°K-*°Ar and *°Ar/*°Ar dating of the
samples. One sample, PEG-05, was elimi-
nated because it contained intergrown, par-
tially weathered potassium feldspar and
muscovite. The high K content and the
monomineralic  distribution of crypto-
melane in the other specimens suggest that
these samples are suitable for *°K-*°Ar and
40Ar°Ar dating. Selected samples were
prepared for °K-*°Ar dating as in (21).
The “°K-*°Ar ages for cryptomelane (Ta-
ble 1) ranged from 10.1 = 0.5 to 5.6 = 0.2
Ma. Results for samples analyzed in duplicate
(PEG-01 and PEG-02) were reproducible to
within 20. A relatively small %*°Ar* (per-
cent of “°Ar that is radiogenic) was obtained
as compared to values typically obtained
from igneous and metamorphic minerals.
This difference probably reflects the large
amount of intergranular pore space of super-
gene manganese oxides formed in contact
with the atmospheric environment, which
leads to high amounts of trapped atmospher-
ic *°Ar. In addition, a trapped atmospheric
40Ar component associated with tunnel
H,O may contribute to the low %*°Ar*.

PEG-01 and PEG-08, the oldest and the
youngest samples, respectively, as indicated
by 4°K-*°Ar analysis (Table 1), were select-
ed for *°Ar/°Ar study. Sample PEG-01,
which showed concentric growth bands,
was sliced perpendicular to these botryoidal
bands and sectioned into core and rim
blocks weighing between 7 and 14 mg (22).
Step-heating *°Ar/*°Ar results for PEG-01
core (combined plateau age of 10.00 =
0.05 Ma) and rim (plateau age of 9.00 =
0.05 Ma) samples (Table 2 and Fig. 2, A
and B) agree with the results of *°K-*°Ar
analysis and indicate that the rim was de-
posited 940,000 years after the core (23).
The average growth rate was 6.4 X 107> =
1.2 X 1072 mm per thousand years (1o
uncertainty). Regression of *°Ar/*Ar ver-
sus Ar/*°Ar isotope correlation trends
yielded results that are analytically indistin-
guishable from the plateau dates within 2o
errors, and initial *°Ar/?°Ar values that are
indistinguishable from the present atmo-
spheric values of 295.5. Results for sample
PEG-08 (Fig. 2C and Table 2) also agree
with the *°K-*°Ar (5.60 = 0.20 Ma) and
combined “°Ar/°Ar (5.59 = 0.10 Ma)
dates.

Potential problems in the interpretation
of the ages include the following:

1) Loss of Ar or K from the manganese

grown hypogene phases.

3) Incorporation of *°Ar (excess or in-
herited Ar) released from the primary min-
erals into the structure of supergene miner-
als. If this were the case, the isotope corre-
lation regressions should yield “°Ar/SAr
intercepts significantly different from the
present atmospheric value of 295.5 (10).
This is not the case in any of the analyses
presented.

4) Recoil of *Ar from the fine-grained
acicular manganese oxide during neutron
irradiation. A common problem in *°Ar/
3%Ar dating of fine-grained material is the
loss or redistribution of nucleogenic *°Ar by
recoil (24). The problem arises from the
displacement of *°Ar by recoil (upon neu-
tron production from *°K) from the near-
surface regions of crystals. The good agree-
ment between *°K-*°Ar and *°Ar/°Ar re-
sults in this study is clear and unequivocal
evidence that recoil loss of *°Ar from man-
ganese oxides during neutron irradiation is
not significant, a fact that we attribute to
the high density of manganese oxides.

5) The presence of multiple generations
of manganese oxides, with recurrent precip-
itation, dissolution, and reprecipitation.
Manganese oxides in this study showed
textural evidence of continuous growth and
lacked textures indicating episodic dissolu-

207 AT oxide structures due to diffusion or ex-  tion and reprecipitation. The paragenetic
154 PEG-01 core change with ground water. For our samples,  textures identified indicate either that man-
9.94 +£0.05Ma the reproducible steps within a sample,  ganese oxides were stable after precipitation
104 yielding apparent age plateaus, strongly sug-  or that any episode of dissolution-reprecip-
5 gest that the system has behaved as a closed itation totally erased previously precipitated
system and that Ar loss by slow diffusion or ~ phases. In either case, the apparent ages
s 10 K exchange with weathering solutions does  obtained reflect the last weathering episode
' not pose problems. that affected the manganese oxides we dat-
= 9 B 2) Contamination of the supergene  ed.
g 5. PEG-01 rim phases by intergrown hypogene phases or Our results suggest in this case that
% 9.00 + 0.05 Ma inherited protolith material. Extensive re-  manganese oxides are suitable phases for
= 1077 flected and polarized light petrography,  *°K-**Ar and *°Ar/°Ar dating. We con-
£ 5l SEM and TEM investigation, and electron  clude that the results obtained in this in-
2 microprobe analysis along traverses that  vestigation are valid precipitation ages of
<o 5 T Yy ' —'o  cross-cut whole thin sections indicate that ~ manganese oxides formed during weather-
' the manganese oxides under study are  ing processes. Because the minerals ana-
207 cl monomineralic and do not contain inter-  lyzed come from different weathered pegma-
151
PEG-08 . . .
101 559 +0.10 Ma L Table 1. Results of the “°K-*°Ar analysis of supergene manganese oxides from Divino das
L [ Laranjeiras, MG, Brazil. K* analysis by atomic absorption.
5 I
1 N — K Weight AT Age 1o
0 0.5 1.0 Sample (% by +1o Q (x10—M %*CAr* (Ma) (Ma)
Cumulative fraction 3%Ar released weight) mol/g)
Fig. 2. Apparent age spectra, showing the ~ PEG-O1 4.66 015 027545 8.159 430 10.1 05
apparent age as a function of the cumulative Egggl 332 812 82383(15 ;ggé 4212; 8:53 82
fraction of 39Ar released, for samples PEG-01 : ' ‘ ‘ ‘ ‘ : ‘
core (3363.03) (A). PEG-01 fim (3'3363_06) ®), PEGOI 4.66 015  0.69993 8.116 30.8 10.0 05
and PEG-08 (4309-02) (C). Sample PEG-01 PEG-02 4.29 0.12 0.50396 6.100 52.9 8.2 0.4
indicates that weathering in southeastern Bra- ~ PEG-02 4.29 0.12 0.50396 6.022 52.4 81 0.3
zil was initiated at or sometime before 10 Ma. ~ PEG-03 4.42 0.12 0.50431 6.435 435 8.4 0.3
Sample PEG-08 dates from the last weather- PEG-06 1.17 0.04 0.54768 1.608 19.3 7.9 0.7
ing event recordgd irj the squthegstgrn Brazil PEG-07 223 0.06 0.58973 2517 21.8 6.5 0.4
profiles before g:hmahc deterioration interrupt- PEG-08 4.39 0.13 0.55349 4.291 42.4 56 02
ed the weathering process.
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Table 2. Results of “°Ar/3%Ar dating for samples
PEG-01 and PEG-08.

Lab Laser 4CAr*/ %40 Age +
No. W) 3°Ar 7 Ma) 1o
PEG-01 core
3363-03 0.7 5.48 47 77.91 1271

1.0 0.66 35.0 9.63 0.20
1.5 071 43.4 1036 0.11
20 0.67 48.2 9.71 0.09
50 0.69 569 996 0.07
6.0 0.84 85 1223 1.77
3363-04 0.7 1.03 20.3 14.82 1.85
1.0 0.74 139 10.71 1.31
1.5 072 38.6 1043 0.14
20 0.74 9.5 10.68 0.72
6.0 0.96 72 13.78 1.59
PEG-01 rim
3363-06 0.7 075 61.9 10.66 0.30
1.0 062 443 876 0.09
1.5 0.64 52.7 9.12 0.07
20 0.66 238 942 0.25
50 0.94 6.4 1343 152
6.0 0.82 3.1 11.60 2.52
3363-08 6.0 088 96 1227 0.79
3363-09 0.7 1.00 7.3 1377 1.15
6.0 0.61 1003 843 0.17
PEG-08
4309-01 0.3 0.50 37 412 1.33
0.5 0.66 148 542 0.30
80 0.82 154 6.71 240
4309-02 0.2 0.51 19 422 284
0.3 0.69 144 571 0.31
04 0.70 296 580 0.13
05 0.62 254 509 0.21
1.0 0.83 729 6.83 1.78
80 0.64 31 529 370

tites, in distinct profiles, their relative
depths cannot be used to monitor the pro-
gression of the weathering front through
time. On the other hand, the presence of
these supergene minerals at a depth of >20
m in the weathering profiles implies that
deep weathering was already present in the
eastern margin of Brazil by the late middle
Miocene and that it continued until the
late Miocene or early Pliocene.
Development of deep weathering in the
late Miocene (10.1 £ 0.5 t0 5.6 = 0.2 Ma)
is consistent with the presence of warm
humid conditions in southeastern Brazil
during this interval (25-27). Warm ocean
water, as indicated by the biogeographic
distribution of planktonic foraminifera at
mid- to low-latitude South Atlantic sites
during the late Miocene (26), led to high
evaporation and precipitation rates (28). A
variety of evidence consistent with this
interpretation suggests that chemical
weathering prevailed over mechanical
weathering (29). For example, the tropical
vegetation cover expanded (29), and rivers
draining southeastern Brazil were poor in
dissolved and suspended load, analogous to
the tributaries of the Amazon River drain-
ing the Brazilian and Guiana shields today
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(30). As a result, carbonate sedimentation
prevailed over terrigenous deposition on
the marginal basins, for example, Campos
(29, 31), Espirito Santo (29, 31), and
Santos basins (32). Clastic deposition in
the Espirito Santo Basin was controlled by
the sediment input from the Rio Doce (Fig.
1), and upper Miocene deposits contain
abundant kaolinite (29, 33). These condi-
tions are consistent with well-drained hu-
mid tropical conditions in the interior (30,
34).

The interruption in the manganese ox-
ide precipitation in weathering profiles at
approximately 5.6 + 0.2 Ma coincides with
an observed transition from tropical humid
to semi-arid to arid conditions in eastern
Brazil (29, 35). The transition of a drier
climate further inhibited large-scale disso-
lution of primary minerals and precipitation
of supergene oxides. The early Pliocene in
Brazil is defined by a sharp increase in
continental sedimentation (29, 35) and a
drop in sea level, as indicated by a hiatus in
the Campos Basin stratigraphic record (31).
Continental sediments were deposited
along the Brazilian Atlantic margins from
Rio de Janeiro to the mouth of the Amazon
River (Fig. 1) (29, 35). The environment is
believed to have been arid to semi-arid,
with seasonal torrential rains (29, 35). The
presence of abundant iron and aluminum
oxide fragments in the detritus indicates
that the source areas were deeply weath-
ered, possibly lateritized, and extensively
distributed throughout the Brazilian craton
(35). The weathering history derived from
the record of manganese oxide precipitation
is consistent with the paleoclimatic history
in southeastern Brazil.
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Some Anthropological Aspects of the
Prehistoric Tyrolean Ice Man
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The corpse of a Late Neolithic individual found in a glacier in Oetztal is unusual because
of the intact nature of all body parts that resulted from the characteristics of its mummi-
fication process and its protected geographical position with regard to glacier flow. An-
thropological data indicate that the man was 25 to 40 years old, was between 156 and 160
centimeters in stature, had a cranial capacity of between 1500 and 1560 cubic centimeters,

and likely died of exhaustion.

I the autumn of 1991 a mummified corpse
(known also as the “man from Hauslab-
joch” or “the Similaun man”) was found
after having been released by glacier ice in
the Tyrolean Oetztaler Alps. After a num-
ber of attempts by amateurs to remove the
corpse it was recovered in a professional
way by forensic experts from the University
of Innsbruck, Austria. The original position
of the corpse could therefore not be deter-
mined (I). Thereafter the corpse was stored
and preserved in the Anatomy Department
at the University of Innsbruck. The corpse
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is now under simulated glacial conditions at
a relative humidity of 96 to 98% and a
temperature of —6°C. Radiocarbon dating
of the corpse conducted independently in
Oxford and in Zurich have shown that the
corpse is between 5200 and 5300 years old
(2). In this report, we present anthropolog-
ical results on the find that may be of
general interest for further discussions and
investigations. The morphometric and
morphological investigations have required
painstaking efforts in conservation. It is not
possible to remove the mummy from its
refrigerator for longer than 30 min because
of the risk of deterioration that thawing
would cause on structural features of the
tissue. Considering the time necessary for
preparation and maintenance, hardly 15
min remained for each examination. Our
first examinations of morphological details
therefore have been carried out only to a
small degree on the corpse itself. For more
extensive examinations (for example, anal-
ysis of metric data or the description of
cranial sutures) three-dimensional recon-
structions were made (3). For this we used
two lines of approach: One was the mea-
surement and examination of rotated com-
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puter tomography (CT) sectional pictures.
The other involved plastic reconstruction
of the skull (Fig. 1).

Because of their special interest for phys-
ical anthropologists, we have included a
selection of some metric characters of the
skull (Table 1). These measurements dem-
onstrate that the morphological character-
istics of the “man in ice” are well within the
measurement ranges of Late Neolithic and
Bronze Age populations as have been de-
scribed in the literature (4, 5). Note the
hyperorthognate facial form expressed in
the facial and alveolar angles of the profile.
The estimation of cranial capacity accord-
ing to different estimates of multiple analy-
sis regressions was between 1500 and 1560
cm? (6, 7) (Table 2).

The measured stature of the “man in
ce” also ranges within the known variation
of Neolithic populations as have been de-
scribed from Italy and Switzerland (8). Dur-
ing one of the earlier attempts to recover
the mummy, a pneumatic drill was used to
partially extract the corpse out of ice. Se-
vere damage occurred in the left pelvic
region, and the caput femoris was set free.
From the isolated caput femoris the physi-
ologic length of the femur was measured
and used for the estimation of the body
stature. This measurement of the extremi-
ties and several sections of the rump of the
corpse with a measuring tape showed that
the bodily stature was between 156 and 160
cm. The estimates arrived at by regression
(9) correspond to the stature that was ar-
rived at by direct measurement (158 cm).

An estimation of the age at death is
based on the degree of wear of the front
teeth. The remarkably strong degree of
abrasion indicates an age of between 35 and
40 years. Sometimes, however, an extreme-

Fig. 1. Three-dimensional reconstruction of the
skull as described in the text. The right orbita is
slightly displaced; the medial trema is easily
recognizable.
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