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2 Department of Soil Science, University of Wisconsin, Madison, WI 53706

3 | Abstiact;—Quartz was isol;ted in the long range aerosol size range

4. (fine silt, l~lO'ﬁﬁ in diameter) from atmospheric éerosols, wind-erosive

>5~ séils, soil silts, shales, anvaacific pelagic sediments of fhe Northern and

6 Southern Hemispﬁeres, to trace their provenance or origin, as-pért of a

7 study of dust minerai,sequestering of 137Cs and other producté of nuclear

8 fission. The oxygen .isotopic ratio (180/160) was determined by mass spectro—’

9 metry. The provenance has been established for this fine silt'fradtion ’

10 which rgflects the relative proportion ofvtwo classes of quartz source:

11 (a) weathering of igneous and metamorphic focks (high temperature origin énd
12 /160 ratio) and (b) of quartz crystallized in cherts and overgrowths
13 (low temperature origin and high 180/160 ratio). This quartz'mixing ratio
14 is a basic model or paradigm.

15 The 6180‘value C 0/160 relative to standard sea water, expressed as

16 parts per thousand, per mil, °/00) of'quarfz, once‘established in a rock, is
17 very resistant to change at temperatureé.belowl3500C. A‘selectivity of

18 quartz ofigin.in detritallsediments e&idently occurs, with high temperature
19 -quartz preferentially remaining in beach sands and attentuating with fine-
20 ness, while fine quartz from chert and chipped off overgrowths increases in
'2¥ the fine silt (1-10 ym diameter) raﬁge (submodel i of the paradigm). Clése'
22“ proximity to eroding igneous—meﬁamorphic mountain masses, however, results
?3 ~in §180 values of fine silt quartz in the range of.12 to 16 O/oo. (Quartz
2 of beach sand has 8180 =11 + 1 O/oo). In contrast, central marine basins,
25

lakes, and sediments that have accumulated a higher proportion of fine silt’

quartz crysta]llzed from opal, including that from diatomaceous skeletons
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under the mean temperatures of sub-tropical to equatorial regions, have pre-

dominantly 6180 values of 17 to 24 °/oo. This distance-from-source relation-
ship (submodel II of the paradigm) is recapitulated across various systems
(e.g., the ancient Cretaceous Sea sediments extending from Montana to South

Dakota}. The largest scale example (submodel III of the paradigm) is the

contrasting 6180 (mainly 19 * 2 O/oQ) of fine silt quartz in the large-scale

silt reservoirs of the Northern Hemisphere continents, differing from that

(mainly 12 + 2 0/oo) for glacially ground quartz of the Southern Hemisphere.

- .This hemispheric difference is attributable to paleogeographic differences

aésociated with paleoclimatic differences now altered.byvcoﬁtinental drift‘
(plate tectonics). Extensive land areas of the Southérn Hemisphere were once
part of a frigid South Polar supercontinent, Gondwanaland, and ‘associated
seas in late Paleozoic-early Mésozoié times, Glacial and fluvial.fransport,
of predominantly igneous and metamorphic rocks from mountains to the conti-
nental shelves resulted., These shélves are now uplifﬁed into lands, which
drifted northward into the soﬁth temperate zone -in Cretaceous times., As

present Northern Hemisphere continents were carried across the tropical and

"equatorial zones, weathering on lands under equatorial and tropical climates

caused a high rate of desilication of soils, leaching of soluble Si(OH)4
which was then carried out to sea by rivers. Extensive biogenic silica

formed at sea; later crystallization into mainly fine silt quartz crystals

in chert and overgrowths in these Paleozoic and Mesozoic sediments resulted

in a considerable proportion of low-temperature, high—dlso value quartz in
vast areas of the now Northern Hemisphere continents. The early paleoclimatic
and paleogeochemical differences remain the control of the North-South Hemi-

sphere difference in 6180 valpes'in long-range aerosol sized quartz,
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INTRODUCTION

The objective of this paper is to outline the way in which the oxygen

isotopic composition of the tracer mineral quartz provides a key to the

*

origin or provenance of long-range aerosolic mineral dusts. The oxygen

isotopic ratio of quartz from a given crystalline rock reflects the temper-
ature of the quartz crystallization; however, fine quartz of sediments’

usually reflects a variable proportion of quartz, some crystallized at high

and some at low temperature, which is the basic model or paradigm three

" submodels of which will be discussed., A scale from about 10 to about'30.Z°v
“(per mil, explained under "methods") provides a degree of uniqueness for

~various provenances of dust, which varies with the particle size range used

for oxygen isotopic analysis, as will be discussed.

4

Natural mineral dusts of the atmosphere have long been éf in@erest
as' attested by more than a century of Writings.such as thoée of Darwin,
Richthofen, and Sturt, as summarized by Free (1911). A gibliography~
(98 pp.) of early literature was pubiished by Stunz and Free (1911). - An

early light microscope study, which was prophetic of the world-wide

S

%"Long range aerosoiic dusf"vis defined here as eolian mineral*orjgiaséy
partic;es of dust small enough‘to be c;rried high aloft and great

distances by winds of moderate intensity, in practice <10 pm equivalent
diameter (Jackson et al., 1971§.Walker and Costin, 1971). Loesé, in contrast,

has a wide range of particle sizes,up to 70 ym (Simonson and Huttom, 1954;

Smith, 1942).
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systems of eolian dusts that will be traced herein, used the clause -

Ydust which follows the winds of the world" (Udden, 1898).

Heating.of atmospheric aif masses carries eolian dust to
great heights,Abelieved to range from 1.5 to 5 km altitﬁde (Prosperq and
Carlson, 1972). Interacﬁion.of these heated air‘masses_with cold fronté

carry the dusty air in the cyclonic and jetestreém circulation systems

(Danielsen, 1968; Jackson et al., 1973). For example, dusts are blown _

from dry wadis in the Sahara desert and the dustzclouds cross northward.
into Italy, Switzerlaad, and Austria and eastward intovthé.Middlé East-.
(Yaalon and Gamor, 1973). Saharan dusﬁs also pass westward across the.
troﬁical north Atlantic Ocean (Delany et al., 1967; Prospefo, 1968;,Sy¢rs-
et al., 1969). Dust accretion occurs on land and as pelégic,sediﬁents
(Wiﬁdom, 1969).

l ‘Periodic_recharge,of fine material in beds of braided streams allows
intgrmittent wind action during dry periods to add increménfs of eolian
silt (loess) to deposits in Alagka (Péwé, 1968) and proBably.to léeés depdsits
génerally (Ruhe, 1969; Smith, 1942), with aerosol dust added (Fig. 1).
Similarly, atmospheric generatiop of;eolian dust in dry‘areas of Asia gives

rise to dust which is carried on the Westerlies and depoéited as pélagic

sediments ("'red muds") of the North Pacific Ocean (Rex and Goldberg, 1958;

" Clayton et al., 1968, 1972; Rex et al., 1969) and quartz bearing silts in

highland soils of Hawaii (Jackson et al,, 1968, 1971)o A major divergence
in oxygen isotopic composition of long range aerosol size quartz occurs
between the Northern and Southern Hemispheres (Clayton et al., 1972;

Jackson et al., 1972; Mokma et al., 1972), which has‘invdked gonéiderations
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" of the interrelationships of dust to paleoclimate, geomorphology, and

continental drift (Jackson, 1974a, 1975). Amounts of dusts from soils véry,
with 'climate, and vary with forest, grass, and tundra vegetation under

glacial climates; such dusts may'qﬁickly kill grass vegetation (Kukla et al.,

1972). Tracing the provenance of terrestrial dust systems by oxygen
isotopic composition therefore has important relevance to one cause-and-
effect relationship of terrestrial climate to the atmosphere-ocean-cryosphere

system, The micaceous mineral component of atmospheric dusts sequesters

137, | , -
Cs of fallout (Syers et al., 1972), a health safety factor adding importance

to the study;

The inorganic mineral portion of the aetosol arises mainly from wiﬁd
erosion of soil (Hidy and Brock, 1970; Jackson et al,, 1973), which
GoldBerg estimated (quoted by Peterson and Junge, 1971) to be 500 x 106.
tons yrnl. The amount of dust. is greatly affected by agricultural
cultivation and other soil disturbances, Volcanic emanétiénsj'extra—
terrestrial influx, sea salt, biological particles, and S and N compounds
generally maké up lessgr components of‘aerosol‘dust. Aerosolic dust
originating from soil and alluvial sediments is smail in amount, 2 xvioll
kg yr—l compared to 93 x 10!! kg yr—1 carried in the fluviél load from

estimated

land to sea, but is double the present/load carried by glacial ice, 1 x 101!

kg yr—l»(Judson, 1968; Jackson, 1974a).
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METHODS

Isolation of quartz

A 2- to 5-g sample of soil, dust, or other sediment is treated with 6N

HC1 at 100°C to destroy carbonates and some clay and then with‘30% H202'to’

"destroy readily oxidizable organic matter., The desired size fraction

(often 1-10 um in diameter) is then obtained by sieving, gravity sedimen-
tation, and centrifugation (Jackson, 1974b). Fractions still showing black
color (some shales) are boiled in a glass beaker for 2 minutes in 5 ml of

concentrated HNO3 (with drops of concentrated HZSO4 present) and then 2 ml

~ of 60% HC10, is added and the suspension is heated to fumes for a few

4

minutes (hood) thereby removing the carbon and leaving a white residue;

,8,0, fusion is thus avoided (Jackson,

1974b). Monomineralic quartz is then obtained by fusion of a 0.2 or 0.3 g

evolution of CO, in the subsequent Na

2

sample in 12 g of Na in a silica crucible, slowly at first and finally

25297

until ohly a slightly'moist salt cake remains, After the crucible and

contents are cooled, the cake is dissolved in 50 ml of, and the residue

washed with, 3N HCl. These treatménts do not affect the oxygen isotopic

composition of quartz (Sridhar et al., 1975), ' Finally the residue is

treated with 10 ml of 30% HZSiF reagent (Syers et al., 1968) modified by

6

the use of quartz flour sized at 1-100 um to quench the commercial HZSiF6

and thus prevent its attack on the fine quartz being isolated (Jackson,

| 1974by Jackson et dgl.,, 1976). The suspension is allowed. to stand. 3 days

at ISilOC, being mixed twice daily during this period. The samplé is
rinsed momentarily with 0.1N HF and then washed with H20. A small sub-

sample is X-rayed at this point to check for feldspars. If they are C
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present, the HZSiF6.and washing treatments are repeated (once, rarely twice

may be needed). The scanning electron microscope is used for checking for
volcanic ash glass or phytoliths and if present these are removed by heavy
liquid separation. When the sample is free of contaminating minerals, the

washed sample is treated overnight in saturated _H3BO3 solution to remove

any fluorates.in intersticies and washed four times with H20 (Jackson,

1974b).

Determination of oxygen isotopic ratio

Oxygen is disolated from the quartz fractions by the BrF5 procedure

(Cléyton and Mayeda, 1963). -After .measurement of oxygen yield the oxygen-

is converted to CO2 and analyzed isotopically by a 600, 15 cm, double

. collecting mass spectrometer, Measured ratios are corrected for back-

ground, mixing at inlet valve, and mas§>44 tail (Becker and Clayton,
1976). The data are reported as 5180 values, in parts per thousandv(per mil,

0/qo), according to the equation,, -
(180/160. sample) ~ (180/1%0 standard)
. 180/169 standard

5180 = x 1000

with standard referringto standard mean ocean water, SMOW (Craig, 1961).

The standard deviation for this analytical procedure is less than 0,1 0/oo.
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OXYGEN ISOTOPIC COMPOSITION OF QUARIZ

The oxygen isotopic composition expressed as delta value (6180) in
sediments depends on the 6180 of the quartz in the crystalline rocks which
have been intermixed into the various grain sizes of the sediment. The

delta values for quartz from typical crystalline rocks are as follows:

5180 of quartz o

i

(°/00)

(2) grom rocks of high temperature origin

igneous rocks ' - : o . 8-10

metamorphic rocks _" v - 10—16:

hydrothermal spring altered rocks - 4-10
(b) From roeks of relatively low temperature origin |

dolomites and chert (40-10°C) o 2433

chert (80-40°C) : - | - 14—24“

The igneous and metamorphic quartz values are'from Taylor and Epstein (1962)
and Savin and Epstein (1970). The range for quartz from rocks of relatlvely
Degens and Epstein (1962), '
low temperature is from/Knauth and Epstein (1976) and Kolodny and Epstein
(1976). The hydrothermal quartz values are from Clayton and Steiner (1975
3.9 0/oo), Jackson et al., (1971; 5.5-8.3 /oo), and Henderson .et al. (1972

9.6 to 10.0‘0/00).

“Variation with‘particle,Size‘in detrital sediments

- ! ! ‘

The 6180 valpe of quartz, once established in a‘rock, ie very resistant.
to change at temperatures below 350°C (Clayton_et al., l968); .Tﬁe.chextv
field (upper part, Fig. 2) is mainly in the range of 3180 of 22 to 30 9/00,
corresponding to 10 to 40°C formation temperatures as crystallization o
(Knauth and Epstein, 1976) occurred at various stages of shallow Burial.

The South African chert SC3 with 5180 of 14.6 °/oo shows field, morpho-

- logical and isotopic evidence of having been metamorphosed by massive

basic rock intrusion (le Roux et al., 1977). Quartz from granite and _
v - -8
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Epstein, 1970). Low temperature overgrowths in pores of sandstones and siltstones

siﬁliar rocks; including an authigeni¢ void filling in Precambrian quartzite
(lower part, Fig. 2), accumulates in beach sands (6180 =11 + 1 0/oo) and sand
gréins of sandstones wifhout Secondar§ overgrowths; however, overgrowths of
chemically precipitated quartz extend the range to 6180 = 16 %/oo (Savin and
‘may chip off during secondary transport, . .

A selectivity of quartz from different provenancesvevidently occuré
according to particle size in detrital sediments (submodel I of the ﬁaradigm).
This is shown for eolian’dustsuandvfluvial sediments by the central sloping
lines of Fig., 2, The process of éomminution.of large high-temperature quartz
grains td beach sand and finer sizes down to long range aefoéolié dusts (1-10
um in diameter) evidently attenuates with fineness (Clayton et al., 1968,

1972; Syers et al., 1969). The 6180 values for Cambrian sandstone (Fig. 2)

increase with fineness, ‘An appreciable fraction of low temperature overgrowths

‘may occur in the 2-5 um fraction. This size fraction, however, is an insig-

nificant portion of the quartz in sandstone and, in Australian‘loess from
Beaches and New Zealand till and dust bands, has nearly the same 6180 ratio
as coarser quartz silt (Table 1).

Isotopic ratio increase in fine fréctions under burial.diagenesis has
been reported (Yeh and Saviﬁ; 1973). 1In contrést,bauthigenic'quartz of chert
initially is very fine (Sayin and Jackson, 1975); vOcéurrence as aggregates
of fine grain size permit chert particles to extend up into the SO—ﬂm diameter

and larger sizes (AR Baxter; Fig. 23 Sayin and Jackson, 1975). Mixing of

amounts of coarser detrital particles from high temperature rocks gives the

|
chert and other quartz chips crystallized at low temperature with varying
sloping curves for the eolian dust silts, both in long range aerosol size

(Jackson et al,, 1968, 1971), and in loess (Syers et al., 1969), as well as
in fluvial sediments (Sridhar et al., 1975) and dusts (Gillette et al,, 1977).

Proximity to one or the other of the two types of quartz source determines

the vertical position of the sloping lines (Fig. 2), as will now be discussed.
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_igneous sources (Taylor

Variation with distance.form igneous-metamorphic rock sources

The systematic progression_ in the 6180 values indicates that the pro-
portions of quartz from high temperature rocks-relafive to authigenic quartz
decreases wifh distance from the mountainous western éhore of the Cretaceous
Sea (Fig. 3). The progressively higher §180 values for quartz toward the

central basin indicate a higher.proportion of chert quartz originating (a)

- authigenically from biogenic (skelétal) amorphous silica and (or) (b) sec~

ondarily from fine sediments bearing quartz with heavier oxygen isotopic

‘ratios. Analogously, the Tertiary non-marine sedimentary aprons spread east

as the Rocky Mountains in Colorado were uplifted have 4uartz with lighter

oxygen isotopes in the
1-10 ﬁﬁ fraction (Fig. 2), reflecting a higher proportion of quértz'fromi
and Epstein, 19623 Taylor, 1968; Churchman et ai.,
1976), A 6180 value.of 16.2 o/oo (Rex et al., 1969) for quartz from a dust
of Japan (Miyake et al., 1956), a value of 12.6 ®/oo for quartz off‘the
moﬁntainous Aléska Gulf Coast (Cla&ton et al.,, 1972), and the mean whole
quartz value of 14.710.9 ®/oo for southwestern U.S.A. (Table 1) also

illustrate the importance of proximity to igneous rock sources.

" The stair—stép'rise in quartz 6180_va1ues in Fig. 2 from the Terﬁiary
through Pacific pelagic sediments and.Hawaiian soils (Jackson'ef al., 1971)
aﬁd Léke Waiau sediment on Mauna Kea summit (Woodcbck et al.,‘1966),.Te£as
i—lO ﬁm dusts, Miami R. of Ohio and Afganistan silts,vnear—shore to central
basin Cretaceous shale and shales generally of central U.S.A., to Maury ;nd
Baxter soils represent increasing proximity to chert sourcés of quartz
(Churchman‘et al,, 1976). This relationship of the high-low 5180'values
for oxygen isotopic compbsition Qith.proximity to low—vor high-temperature

rocks, respectively, is designated submodel II of the paradigﬁ.

=10
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The Baxter soil oveflying chert, the quartz of which has 8180 of 29,6 0/oo._

(Fig. 2), has a mixture of quartz froﬁ chert and loess in various silt
fractions (Sayin and Jackson, i975) with a strong size function of oxygen
isotopic ratio, indicated by fhe slope for various size fractions for two -
soil horizons.‘ Thus size is very_important when chert quartz ié ébundant.,
Maury silt loam soil of central KY overlies cherty Ordovician‘dolomite
the fine silt quartz of which has §180 = 28.1 ° /o0 (Syers et al., 1969).
The silt in whicﬁ this Paleudult (ancient humid region soil) more than thfee
meters deep forméd has'quartz.élao values of 19.6 to 20,9 °/oo (Fig. 2). -
The siltvappearé, theréfore; to.haVe originated mainly from silty shale
interbeds of the dolomite (rocks of Maysville and Eden age).and‘loess
derived therefrom, since these rocks make up the cuesta of the Lexington, KY

basin in which the Maury soil occurs,

The mean 6180 value for eight WI loess 1-10 pm quartz fradtions
(mixed dolomite~igneous rock area) is 21.3 o/db; the mean for thisISize
quaftz fraction from a column of 11 MS loesses is l7.9v0/oo (Fig. 2),
pfesﬁmably reflecting a larger influx of the igneous rock component into
the eolian mixture'(unpublished data). Although loess is generally gen-—

erated under periglacial conditions from glacial alluvium along streams,"

warm-climate loess is also known (Obruchev, 1945), originating from beaches
of Victoria, Australia, for example (Jackson et al., 1972), Particle size
fractionation of dusts occurs during transport (Johnson, 1976) and this may

affect the proportions of quartz from igneous rock versus chert sources.




Insert

Fig. 4

10

i1

17

18

19

20

Variation with latitude of earth

Northern Hemisphere. An impreésiyely narrow range of 6130 values
(17 to 21 °/oo) for the long fanga aerosal size quartz partiéles of dusts
: (Table 1) : -
and sediments/has been noted for North Pacific (Clayton et al., 1968, 1972;
Jackson et al., 1968, 1971; Rex et al., 1969), Central North America

(Chuxrchman et'ai., 1976) , and South'East«Asién areas (Syers'et'al., 1969).- A

- We have found similar values for shales of Austria, loess in the central

i
\
i
}
|

pért of the Peoples Republic of China, and an eolidn cap on a volcanic cone '

- off the coast of Korea (unpublished data). Sahafan_dusts crossing the

tropical North Atlantié have been collected on Barbados, Cape Verde
Islands, and the Canary Islands and the 6180 values'(unpublished'data)'for

the 1-10 ﬁm quartz fraction also fall in the broad black bar for the

Northern Hemisphere in Fig., 4. A scatter of values through the broad §180
spectrum is found for hydrothermal and chert systems, each representing

more homogeneous temperature and geomorphological mixing processes.

Sbuthern Hemisphere., In contrast to the values of 17 to 21‘0/00 for -
1-10 ym quartz of eolian derived central North Pacific pelagic sediments

and Hawaiian highlands and Northern Hemisphere continents, the comparable

- values in the South Pacific pelagic sediments (Clayton et al., 1968, 1972)

21

22

23

24

range downward to 13 ®/00 (mean, 15.11.5 o/oo, Table 1). The regression

with south latitude below 6°S is r = -0.73 (Jackson et al., 1973).‘ Eolian
quartz from dusts falling on 11 soils developed in quartz-free basalt

(6,000 to 4.5 million years old) has mean-5180 values of 14.9%0.5 °/oo and

14.5+0.2 0/oo‘fbr the 2-5 and 5-20 um fréctions, respectively, (Table 1)

12
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in southwestern Victoria and southeastern South Australia (Mokma et al.,
1972). The 6180 values for 22 quartz samples from dust fall on glaciers

and the fine and medium silt fractions of soils in New Zealand (Mokma

et al.,, 1972) have means of 13.2%+0.2 to 13.5%0.4 0/oo (Table 1). The

lower 31€0 values of eolian quartz in the soils and glacial ice of the

Southern Hemisphere was attributed to the extensive source of aerosolic

. dust in the arid lands of Australia (Mokma et al., 1972).' Those in the

pelagic sediments were attributed to "a dominance in the Southern Hemisphere
of older crystalline rocks of Australia and southern Africaf (Clayton
et al.,, 1972). The long range aerosol size quartz (1-10 um diameter)‘
isolated from 28 shales, mixed sediments, and eoile in a large area of
southern Africa (le Roux et al., 1977) has a mean value of 12,2+2, l °/00
southern :
(Table 1), represented by the/black bar in Flg. 4, Again, there are
scattered points for quartz of hydrothermal and unmixed chert systems
formed at vafious temperatures scattered threughout the 8180 scale. The
temperate latitudes of these continents make them partly arid lands subJect
to wind erosion of dust with low 8180 quartz (Jackson, 1975; le Reux
et al., 1977). Extensive deposits of eolian clay (Parna).earried.as siit
size aggregates occur in east central Australia (Butler, 1956). Quartz
from uhmetamorphosed cherts (R125, 2000 m.y.,_Fig. 2) éhd old dolomites
(RSl3; 700 m.y., Fig. 25 in the Southern Hemisphere (le Roux et al., 1977)

fali in the usual range for Northern Hemisphere Paleozoic cherts. This

persistence of high §180 values and the persistence of hemispheric differences
in the oxygen isotopic compositions for detrital quartz (Fig. 3) confirm, on

a long time scale, the evidence (Clayton et al., 1977) for resistance of silt

-13



‘sized quartz to appreciable oxygen isotopic composition change in unmeta-
morphosed sediments. Shales in situ appear generally not to receive an

appreciable influx of quartz crystallized at low temperature.

During fhe‘several hundfed million years of the Phanerozoic Eon, the
Northefn Hemisphere continents were located in tropical and equatorial
iatitudes (Drewry et al., 1974),. The soils we%e subject to the usual
intense desilication at these 1atitudes (Jackson, 1975), with an accompanying
discharge .of soluble-Si(OH)4'intovrivers and oceans where biogenic silica
(Houck et al,, 1975) was deposited and from which chert qﬁartz gradually
formed; As the present Northern Hemisphere continenté were carried north-
Ward across the equator by plate tectonics (Drewry et al., 1974), durlng‘and
subsequent to the Cretaceous Period, the ocean sedlments were upllfted to form
great continental plains with their abundance of 1ow—temperature,v lgh 6¥80
chert quaftz. _ Some land areas in the Soqthefn Hemisphere were part
éf a frigid South FPolar supercontiﬁent,.Gondwanaland, and associated seas
in late Paleozoic time., Glacial and fluvial erosion}of predominaﬁtly'
igneous and metaﬁorphic rocks, with low 8180 values of quartz from the
.mountains of continental sutures, carried silts onto continental shelves
dufing the late CérbbniferOus, Permian, and Triassic periods (le Roux
et al., 1977). These continen;al shelves were uplifted into continents as
plate motions carried the Soﬁthern Hemisphere continents northward into>

their present positions, along with the low 6180 quartz in their silty

sediments, Of course, large portions of the sediments of these continents
‘were formed before and after the Gonwanaland glacial periods and some areas
extended into warm climates even in times of Gonwanaland's existence. The
" sediments laid down at those times and places contain quartz with dxygen

isotopic ratios resembling Northern Hemisphere quartz (Fig. 4). o
: . : ~-14
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CONCLUSTONS

_ Quartz‘of defrital sediments varies in oxygen isotopic ratio depending
on the prdpqrtions.of quartz crystallized af low temperatures (high 6180
Qalue)vand at high temperatures'(low s18¢ value); this is a basic model or
paradigm. The quartz §180 value increases with decreasing'partiéle size, =
from 11 * 1 o/oo for coarse sandé to intérmédiate values for silts to 25 of
30 O/QO for fine silt and clay size of chert (~1-5 um'diémetef);'this is
designated submodel I of the basic paradigm,

Proximity tovan igneous rock erosional source decreases the §180 value
of_thé léng range aerosol size (1-10 um diameter) quartz of sediments, while
proximity to silica sources crystallized iﬁ»contact.with nétﬁral opén waters
produces higher quartz §180 values; this is designatea Submodél II of. the
basic paradigm.' |

| Analyses of p;esént day atmospheric aerosols and eolian-derived soils,
Pacific pelagic sediments, and now-raised Phanerozoic marine sediments show
that,the Northern and Southern Hemispheres have separaﬁe_large—scale reser~‘
voirs of the fine grain sizes that contribute to aerosolvdusts. These can

180/160 ratios of the quartz therein.

be identified by distinctive values of
The difference in quartz 56180 value of about 12 + 2 0/oo in Southern Hemi-

sphere mixed detrital sediments and about 19 + 2 o/_oo in those of the

Northern Hemisphere (for constant size, the 1-10 um size fraction) results

from the presence.of a considerably larger éroportion'of quartz havingvlow— :
temﬁerature origin and higherAélso values (chert, silica overgrowths, etc.)
in.the Northern Hemisphere reservoirs. This 6180 difference in aerosol sizedv:
quartz geochemistry between the two Hemisﬁheres, attributable to paléographic—
paleogeomorphic~paleoclimatic (polar-equatorial) differences associa;e& with

continental drift, is designated submodel IIT of the basic paradign.
-15
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Table 1 —— Mean oxygen isotopic ratios of aerosol-

soils and sediments

sized quartzvisolated from dusts,

Area Kind Quartz Number of Mean Reference
of soil . size ~ samples 18
, §1°0
or range (mean of)
sediment (um) (%)
Mid-USA Shales 1-10 30 20,7+1.8 Churchman et al., 1976
" ws* 3L 19.1+2,2 " KL
SW, USA Soils 1-10 13 19.6+0.3 Sridhar et al., 1977
1-10 18 19,0+0.2 " won n
| Dusts 1-10 21 18.4:0,8 Gillette et al., 1977
E, Cent, TX, AZ Soils 1-10 5 17.7+#0.6 Sridhar et al., 1977
 Hawaii (4 Islands)T Soils 1-10 5 ©18,3%0,2 Sridhar gg_gi., 1977
' WS 25 17.6%£0.5 Jackson et al., 1971
N. Pacific Pelagic ws? 8 17.5¢0,5, Clayton et al., 1972
'S. Pacific Pelagic - 2-5. 7 15.1+1, 5 " men "
Australia, Loess .in 2-5 10 14,9%0,5 Mokma et al., 1972
Victoria ba§alt1c 520 11 14.5+0.2 . noowon "
soils : _ S
SW. USA Soils ws 8 14.7+0,9 ~Sridhar et al., 1977
New Zealand
N. Island In till 5-20 5 13.6+1,0 Mokma et al., 1972
S, Island noon 5-20 7 13,2x0,2 oo "
S, Island onoom 2-5 7 13.3+0,1 " = " "
S. Island Glacial dust WS 3 13.5+0,4 " " " o
bands
S. Africa Soils and 1-10 28 12,2+2,1 1le Roux et al., 1977
sediments : ' ' :

*
Whole quartz from samples.

.1-

‘hydrothermal area for ws.

§Weighted average calculated from size fractioms,

#90 13" to 58° 26' S. latitude.

Including for 1-10 um two lake'sediments from on top of Mauna Kea, and excluding

excluding Gulf of Alaska.
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‘Troposphere

Jet stream .... Aerosolic dust .-
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Fig. 1. Relationship of wind-blown soil particles, local dunes (~ 1 mm
partlcles), flottsand loess (5 to 70 um particles), and long-
range aerosolic dust (1—10 um particles) carrled in -high winds

and brought down in rain.
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Variation in quartz oxygen'isotopic composition with.parficle size
and provenance of detrital sedimenté. Chert and high temperafﬁre
rock and Maﬁry and Baxter soil data from Syers et al. (1969),
Savin and Epstein (1970), Sayin and Jackson (1975), and éridhar

et al, (1975); North Pacific pelagic data from Clayton et al.
(1972); Pierre shale data from‘Sridhaf et al. (1975); shale mean
and Tertiary data from Churchman et al.‘(1976); and Texas dust |

data from Gillette et al. (1977) and Sridhar et al. (1977).

Numbers in parentheses indicate number of samples averaged.
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Fig; 3. Variation in quartz oxygen isotopic composition (6180) of the

Pierre shale and related rocks with distance from mountainous
shore of the Cretaceous Sea from Montana (MT) to South Dakota

(SD). Numerical data from Churchman et al. (1976) , for quartz

from whole shales.-
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.Divergence in Northern'and Southern Hemisphere quartz oxygen

isotopic ratios (6180) of long range aerosol size (1-10 um)
particles, =--- ='gigma, Northern Hemisphete data are from

Jackson et al, (Hawaiian highland eolian caps, 1968, 1971),

Clayton et al, (Pacific pelagic sédimenés, 1968, 1972), Rex et al..

(world wide eolian circulation, 1969), Syers et al. (southeast

"~ Asia and tropical North Atlantic dusts, .1969), Henderson et al.

" (cristobalite, 1972),'and Churchman et al. (Central U.S.A. shales,

1976). Sbuthern Hemisphere daté‘are mainly from Clayton et.gl;
(Pacific pelagic-sédiments, 1972), Jackson et al, (Australian
soils and dusts, 1972), Mokma et al, (New Zealand soils-énd dusts,
1972), Henderson et al. (a-féw hydrothermal quartz values, 1972),

and le Roux et al. (southern Africa soils, sediments and cherts,

1977).




