
given evidence for the increased solubili- 
ty of actinides in oxidation states IV, V, 
and VI as a result of C032- complex- 
ation. We have attempted to quantify the 
effect of C032- complexing through the 
use of computer models but have been 
frustrated by the lack of suitable thermo- 
dynamic data on actinide complexes. 
Simulations of the solution equilibrium 
chemistry by means of the computer 
program MINEQL (20), incorporating 
removal processes similar to those in the 
ocean (2), were made with and without 
the effect of C03'- complexing. Let us 
consider the case of thorium, for which 
the solubilizing effect is largest (Table 1). 
In the absence of Co3'- complexing, the 
dominant thorium species is Th(OH)4 
(20,  which would lead to rapid removal 
by adsorption. The simplest carbonate 
species we could invoke which would 
compete effectively with Th(OH)4 is 
Th(C03)(0H)'. If we assign log K = 6 
for the formation constant of this spe- 
cies, then 98 percent of the dissolved 
thorium would be in this form. Our edu- 
cated guess is that this is a lower limit 
and that log K > 6 is likely. 

We believe, therefore, that the elevat- 
ed concentrations of actinides in Mono 
Lake could be maintained largely by 
complexation with c03'-. Other ligands 
may also be important. The effective 
solubilities of actinides in oxidation 
states IV, V, and possibly VI in this lake 
are greatly enhanced relative to seawater 
by complexation with natural ligands at 
the concentrations found in Mono Lake. 
The solubilities of trivalent actinides are 
not as strongly enhanced. The marked 
solubilizing effect of natural alkaline 
brines on the actinide elements has im- 
portant implications for the management 
of radioactive waste and its transport in 
ground water. Our ability to model this 
effect would be greatly enhanced by the 
availability of thermodynamic data on 
actinide carbonate species. 
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Deep Advective Transport of Lithogenic Particles in 
Panama Basin 

Abstract. Sediment traps were deployed at several depths between 660 and 3800 
meters in the Panama Basin. The flux of lithogenic particles increased with 
increasing depth. This increase was due primarily to particles of beidellite (a 
smectite clay), which was identical to the clay occurring in bottom sediment on the 
continental slope to the west of the sediment trap mooring. The beidellite vertical 
j u x  at the Panama Basin station increased when an easterly current prevailed and 
decreased when the current reversed, indicating that a major portion of smectite was 
transported horizontally at mid-water depth to the mooring site from the nearby 
continental slope. 

Six Parflux Mark I1 sediment traps (1) 
with 1.5-m2 openings were deployed at 
depths of 667 to 3791 m at 5"21rN, 
81°53'W in the Panama Basin. This sta- 
tion, which is 3856 m deep, is located at 
the center of a small, deep basin between 
the Coiba and Malpelo ridges (Fig. 1) 
(2). Mass flux, measured by this set of 
sediment traps, increased significantly 
from 1268 to 3791 m. The increase was 
due to the increasing flux of lithogenic 
material, particularly smectite particles 
(Table 1). 

A Parflux trap deployed at 2265 m was 
equipped with a receptacle changer, 
which changes the sediment receiving 
chamber every 30 days, yielding a time 
series of sediment flux. A cylindrical 
trap with an opening of 0.05 m2 was 
deployed at 1267 m. This trap also had a 
receptacle changer and was set to collect 
sediment every 15 days (JZF trap) (3). 
To start a new collecting period in these 
two traps the timing was synchronized 
by electronic timers which operated 
within an error of a few hours (4). 
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Table 1. Flux of material with depth at Pana- 
ma Basin station accessed by 1.5-rn2 Parflux 
sediment trap ( I ) .  

Total 
Mass lithe- tite Depth flux genic* 

(m) (mg m-2 flux flux? 
(mg rn-2 day-') (rng m-2 day-') 

day-') 

667 114.1 11 10 
1268$ 104.5 14 12 
22651 127.5 24 19 
2869 158.0 32 27 
3769 179.3 50 42 
3791 179.6 50 42 

*Most of the lithogenic particles were layered and 
framework silicate; the rest of the mass flux was 
biogenic particles, tApproximately 80 percent of 
the lithogenic flux was smectite; more than 95 per- 
cent of the smectite was beidellite. The flux of 
kaolinite and chlorite was constant through the 
water column and chiefly included in fecal pellets, 
indicating that they are of shallow-water hemipelagic 
origin (6). $This trap was equipped with a time 
series sampling device. The flux listed here was the 
average of four increments (see Table 2). 

A vector averaging current meter de- 
ployed 401 m above the JZF trap indi- 
cated that the current velocity was gen- 
erally eastward at approximately 5 cm 
sec-I. The current direction changed 
abruptly to the southwest on 20 Septem- 
ber 1979. The southwestward current 
was maintained during the rest of the 
period until 20 October, when the instru- 
ment stopped functioning. The current 
meter at 1970 m. 293 m above the Parflux 
time series trap, also recorded a steady 
eastward current except for a short re- 
verse flow during the middle of Septem- 
ber. The highest velocity during the peri- 
od, 15 cm sec-l, was recorded in the 
middle of October. Current direction 
changed on 17 October and a strong 
reverse current (up to 15 cm secC1) pre- 
vailed during the last half of October; a 
weak easterly component was seen at 
the end of the deployment (Fig. 2). 

Fig. 1. Location of sediment trap mooring site 
(PB). The hatched area indicates the distribu- 
tion of beidellite in the bottom surface sedi- 
ment as published by Heath et a / .  ( 6 ) ,  who 
called it anomalous smectite. 

The mass flux of each increment in the 
JZF trap steadily increased until the in- 
crement that ended on 21 September, 
when it dropped sharply. The trap col- 
lected consistently smaller flux during 
the rest of the deployment. The timing of 
this decrease of mass flux coincided with 
the change of current direction at this 
site. The mass flux also increased in the 
Parflux time series trap until the 30-day 
increment ended on 19 October 1979. 
when it was as much as 221 mg m-2 
day-'. The flux then dropped to 3.5 mg 
m-2 day-' during the last increment (5). 
This decrease was also associated with a 
strong and abrupt reversal of the current 
component at the Parflux site. 

The bulk of the lithogenic flux collect- 
ed during the first three increments by 
the Parflux time series trap was beidel- 
lite, a form of authigenic smectite clay 
(Table 2) (6). The sediment collected 
during the 30-day increment between 19 
October and 16 November by the same 
trap was considerably different from that 
collected during other increments; it was 
dominated by relatively large, consoli- 
dated particles such as planktonic shells, 
pteropod tests, and zooplankton fecal 
pellets. The percentage of fine lithogenic 
particles in the total mass flux during this 
increment was less than one-fifth of that 
in the previous increments. Heath et al.  
(6) found that high concentrations of 
beidellite were distributed in the bottom 
surface sediment along a well-defined 
area of the continental slope between 
Coiba Ridge and north of Cocos Ridge 
(Fig. 1). The distribution of beidellite in 
bottom sediments reached our sediment 
trap mooring site. 

The evidence suggests that the smec- 
tite caught by the traps originated from 
the continental slope to the northeast of 
the station and was transported laterally 
at mid-water depths, not through surface 
current or bottom nepheloid layers. It is 
unlikely that the smectite flux consisted 
of clay resuspended from the bottom in 
the vicinity of the trap. Nephelometer 
and suspended particle concentration 
profiles indicated no significant nephe- 
loid layer near the mooring site (7). Cur- 
rent meters at 3292 and 3671 m recorded 
no current velocities adequate to pro- 
duce resuspension (Fig. 2). The relative- 
ly strong currents in the upper layers 
were probably blocked by a topographic 
sill surrounding the basin. 

Increasing aluminosilicate fluxes with 
depth have been observed at all the 
stations where we have set sediment trap 
moorings, including the Sargasso Sea, 
the tropical North Atlantic Ocean, and 
the central North Pacific Ocean (8). A ~, 

model to explain this consistent increas- 

Table 2. Flux of material at 2265 rn, in time 
series experiment from 29 July to 16 Novem- 
ber 1979; Tr, trace. 

Total 
Mass litho- 

Incre- flux genic* 
ment, ("5 flux 
1979 m - ("5 

day-') m- 
day-') 

Smec- 
tite 

flux? 
'"3 
m - 

day-') 

29 July to 120.3 23 16 
24 Aug. 

25 Aug, to 163.6 3 1 24 
21 Sept. 

22 Sept. to 221.6 42 36 
19 Oct. 

20 Oct, to 3.5 1 Tr 
16 Nov. 

Average 127.5 24 19 

*A detailed mineralogical analysis of each time 
series sample collected by the JZF trap was not 
rnade because of the restriction of the total sample 
slze. 

ing flux with depth has been proposed 
(9). It assumes resuspension of fine clay 
particles in the energetic boundary re- 
gions of the continental slopes and iso- 
pycnal transport of the fine particles into 
ocean basin interiors, accompanied by 
aggregation to larger, faster settling par- 
ticles. 

Date 
7/28 8/10 8/24 917 9121 1015 10119 1112 11/16 

1 I 7 

1267 m (A m o o r i n g L  1979 ^/ 
JZF trap 1 

t East 
8 6 6  m (A mooring) 

1970 m (C mooring) !I 

3 6 7 1  m (C mooring) 

c 
Fig. 2. Relation between currents and materi- 
al flux at the Panama Basin site measured by 
two time series sediment traps (JZF and Par- 
flux) between 28 July and 16 November 1979. 
No current meter data at 866 m are available 
after 21 October. The JZF trap malfunctioned 
during the period 2 to 16 November. Promi- 
nent changes of material flux were associated 
with a change of current direction, as indicat- 
ed by arrows. 
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The question arises of how the advec- 
tion of resuspended particles is translat- 
ed into a vertical flux at the Panama 
Basin mooring site so that smectite parti- 
cles, which are among the finest clays, 
can be deposited in the trap. The concen- 
tration of suspended clay particles at this 
station was as small as that at other 
ocean gyre areas and did not change 
throughout the water column (10). One 
explanation is that the smectite particles 
were highly concentrated into small 
patches or aggregates, which were not 
caught by ordinary water samples or 
nephelometer optics because of their rel- 
ative spatial scarcity. Formation of mac- 
roscopic amorphous aggregates, which 
have been reported from neritic and pe- 
lagic environments as "marine snow" 
(11) or "fecal matter" (12), is one means 
by which the settling rate of clay parti- 
cles may be greatly enhanced. They ac- 
quire their clay load by physical scav- 
enging and agglutination. This packaging 
must occur at mid-depths in the ocean, 
rather than by surface filter feeders in- 
corporating fine particles into fecal pel- 
lets (13). 
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Endemic Pleural Disease Associated with Exposure to 
Mixed Fibrous Dust in Turkey 

Abstract. Pleural mesothelioma, lung cancer, pleural calcijication and fibrosis, 
and interstitial parenchymal fibrosis have been observed among inhabitants of 
several villages in south-central Turkey. Earlier reports have stated that environmen- 
tal and lung tissue samples from this area contained the fibrous zeolite mineral 
erionite, and this mineral has generally been assumed to be the agent responsible for 
these endemic pathological conditions in the absence of asbestos outcroppings and 
usage. Several different kinds of asbestos minerals in addition to erionite have now 
been found in environmental samples taken from the villages where these diseases 
occur. The lung tissues of mesothelioma patients from these villages contain both 
fibrous zeolites and asbestos minerals. 

In several villages in an area of central 
Anatolia known as Cappadocia, a very 
high incidence of pleural mesothelioma 
has been reported in recent years in a 
small population. In addition to mesothe- 
lioma, other chest diseases, including 
calcified pleural plaques, pleural fibro- 
sis, interstitial parenchymal fibrosis, and 
lung cancer, occur frequently. Peritoneal 
mesothelioma has also been found. Else- 
where the clustering of these diseases 
generally has been associated with expo- 
sure to asbestos, both occupational and 
environmental (1). Geologists and other 
investigators have not reported the oc- 
currence of asbestos in Cappadocia. As- 
bestos is not fabricated nor is it used in 
any manufacturing process in the area 
(2-4, and the household use of asbestos 
has not been observed. 

The focus of this problem is the village 
of Karain with a population of about 600. 
Pleural mesothelioma was reported as 
the cause in 11 out of 18 deaths in the 
village in 1974. In the preceding 5 years, 
25 cases of pleural mesothelioma were 
reported in Karain (3). In the nearby 
village of Tuzkoy, with a population of 
approximately 3000, the incidence of 
pleural mesothelioma is approximately 
six cases per year, or almost three orders 
of magnitude greater than might be ex- 
pected (2). The ages of these individuals 
at the time of mesothelioma diagnosis 
tended to be unusually young, and the 
incidence occurred with equal frequency 
in both males and females. These cir- 
cumstances support the working hypoth- 
esis that an etiological agent existed in 
the environment, with exposures begin- 
ning at birth. The occurrence of excep- 
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tionally high attack rates of mesothelio- 
ma in this rural agrarian society warrants 
particular attention since (i) mesothelio- 
ma in the past has been a "signal" 
disease indicating prior asbestos expo- 
sure, (ii) the high mesothelioma preva- 
lence points to a significant exposure to 
asbestos fiber, and (iii) the age-sex distri- 
bution of tumors (27 to 50 years of age 
with an equal frequency of male and 
female occurrence) suggests exposure to 
an environmental agent beginning in ear- 
ly childhood. 

The villages in which mesothelioma 
was observed, as well as much of Cappa- 
docia, are built upon, and into, tuff, a 
volcanogenic rock that consists predomi- 
nantly of volcanic glass, plagioclase feld- 
spars, hornblende, biotite, and pyrox- 
ene. Locally, these phases have been 
altered to form both montmorillonite and 
a variety of zeolite minerals. The tuff is 
easily cut into dimension stone and is 
extensively quarried for building con- 
struction. Erosion of the tuff results in 
conical and beehive-shaped landforms. 
In Karain, these landforms have been 
excavated extensively and used for 
dwellings, animal pens, and storage pens 
for food and fodder. In the stone houses, 
contact is made directly with the soft 
rock surface. It is a common practice in 
the region for villagers to whitewash 
their dwellings. Preparation and applica- 
tion of the whitewash produces dust 
which may persist. 

The populations of these villages are 
exposed throughout their lives to unusu- 
ally high concentrations of inorganic 
dust, originating largely from local rocks 
and soils. Our investigation thus focused 
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