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Late Eocene silicate spherules have been found in deep-sea sediments from 
the eastern equatorial Indian Ocean, equatorial Pacific, Gulf of Mexico, and 
Caribbean Sea (1-6); and more recently in the western equatorial Atlantic 
Ocean and on Barbados, West Indies (7). These spherules range from completely 
glassy (microtektites) to almost completely crystalline; and although they 
show a wide range in composition and petrographic characteristics, they all 
appear to belong to a single event, or at most two closely spaced events. The 
glassy spherules, or microtektites, found in the Gulf of Mexico, Caribbean 
Sea, and Barbados (and probably the western Atlantic) are chemically and 
petrographically similar to the North American tektites (2, 4, 8) (Table 1). 
Tektite fragme 86s fggnd associated with the late Eocene microtektites on 
Barbados &ve 39Ar- Ar ages that are indistinguishable from previously 
reported Ar- Ar and K-Ar ages of North American tektites -- i.e., %35 Ma 
(9). Rb-Sr and Sm-Nd isotopic studies of the Barbados tektite material show 
that it has the same or similar parent material as the North American tektites 
(10). Thus the Late Eocene microtektites found in the western Atlantic, 
Barbados, Caribbean, and Gulf of Mexico appear to belong to the North American 
tektite strewn field. 

Clinopyroxene-bearing glass spherules (cpx spherules) were originally 
found in the lower part of the microtektite layer in a Caribbean core (RC9-58) 
(11). Additional work showed that they occur in a separate layer with a peak 
abundance %25 cm below the peak abundance of the normal microtektites (12). 
Cpx spherules are found at other sites in the Caribbean Sea (DSDP site 149) 
and Gulf of Mexico (DSDP site 94), but at these sites they appear to be 
associated with the normal microtektites. 

Only normal microtektites (and tektite fragments) are found at the 
western Atlantic site (DSDP 543) and on Barbados. In the equatorial Pacific 
and eastern Indian Ocean sites most of the spherules are crystal-bearing 
similar to the cpx spherules in the Gulf of Mexico and Caribbean Sea. The 
crystal-bearing spherules (including the cpx spherules) contain microlites 
and/or crystallites in a glassy matrix. The microlites and crystallites 
exhibit a wide variety of crystalline shapes including: dendritic, feathery, 
and bladed. X-ray diffraction and energy dispersive X-ray analyses indicate 
that the major crystalline phase is clinopyroxene. However, Fe-rich 
(magnetite?); Fe,Cr-rich (chromite?); Ni,Fe-rich (metal?); and Ni,Fe,Cr-rich 
(spinel?) phases have also been observed. These phases occur as skeletal or 
equant crystals ( - 5  prn across) scattered throughout some of the spherules 
and/or concentrated at the surface. Rare crystals of an SiO phase 
(cristobalite?) have been also observed. 
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Some crystal-bearing spherules have voids with crystalline outlines. The 
voids have prismatic, chain, hopper, feathery, or dendritic shapes. These 
voids appear to have been formed by dissolution of the more soluble phases. 
The missing phases appear to have been Mg-rich olivine and Fe-rich pyroxene. 

The crystal-bearing spherules have a wide range in composition but, 
generally have lower average SiO and A1 0 and higher CaO contents than the 
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normal microtektites from the G U Z ~  of Mexico, Caribbean Sea, and Barbados. 
They also generally have higher FeO and MgO and lower Ti0 contents, for a 
given SiO content, than the normal microtektites (Table ?).  
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Glassy spherules (microtektites) are found associated with the crystal- 
bearing spherules in the Pacific and Indian Ocean sites but are more abundant 
in the western Pacific and Indian Ocean sites. The glassy spherules generally 
have compositions similar to the crystal-bearing spherules or intermediate 
between the crystal-bearing spherules and the normal microtektites from the 
Gulf of Mexico, Caribbean Sea, and Barbados. 

Microtektites are by definition <1 mm diameter tektites; and tektites are 
silicate glass bodies that are devoid of crystalline material, except for some 
rare relict grains and Ni-Fe spherules. Thus the late Eocene crystal-bearing 
glassy spherules found in the Caribbean Sea, Gulf of Mexico, equatorial 
Pacific, and eastern Indian Ocean are not microtektites. However, their 
textures, compositions, and widespread distribution indicate that they, like 
the tektites and microtektites, were probably produced by impact melting. 
They appear to have been formed at the same time or slightly before the North 
American tektites. The late Eocene crystal-bearing silicate spherules are 
found at sites extending oygr h9lf way around the Earth and appear to cover an 
area of at least 4.2 X 10 cm . The concentration of silicate spherules 
(excluding the normal microtektites) at each site sexcluding th west rn -5 9 
Atlantic and Barbad s sit s) varies from 0.3 X 10- to 12 X 10 g/cm with an -9 5 average of %5 x 10 g/cm . This indicates a total mass of sl billion metric 
tons which is about the same as the total mass calculated (4) for the normal 
microtektites in the Caribbean Sea and Gulf of Mexico (including the Gulf 
coastal plain of North America where North American tektites have been found). 
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Table 1. Average Major Oxide Composition and Standard Deviation of Selected North Amerlcan Tektites and Late Eocene 

Silicate Spherules 
No. oE 

Analyses SiO 
2 *'2'3 FeO MgO CaO Na20 

K2° Ti02 

Tektites 

Texas & Georgia (7)' 80.3!1.0) 11.5(0.72) 2.79(0.33) 0.55(0.11) 0.50(0.15) 1.25(0.25) 2.24(0.25) 0.56(0.09) 

Larbados (4) So.o(Z.3) 11.4(1.74) 2.64(0.53) 0.59(0.13) 0.39(0.24) l.jS(0.27) 2.32(0.21) 0.51(0.21) 

Microtektites 

Barbados (4)' 80.0(2.9) 12.0(1.10) 2.32(0.63) 0.73(0.20) 0.47(0.32) 1.06(0.31) 2.42(0.45) 0.56(0.12) 

Carib. &Gulf of Mex. (613 SO.O(O.8) 12.3(0.41) 2.55(0.36) 0.91(0.22) 0.83(0.19) 0.98(0.21) 2.19(0.43) 0.29(0.09) 

Carlb. & Gulf of Mex. (10)' 65.2(0.5) 18.4(1.28) 5.87(0.96) j.OZ(0.46) 2.17(0.49) 1.40(0.46) Z.SO(0.53) 0.71(0.12) 

Crystal-Bearing Spherules 

Caribbean Sea (10)~ 65.1(0.5) 9.97(2.88) 6.47(1.54) 5.80(2.75) 8.12(2.42) 1.26(0.49) 2.21(0.80) 0.32(0.09) 

Gulf of Mexico (5)5 65.0(0.7) 11.6(2.45) 9.06(3.24) 2.52(1.07) 6.44(1.44) 1.49(0.52) 2.85(0.78) 0.35(0.18) 

Central Pacific (7)5 64.7(0.6) 11.3(2.67) 7.99(2.60) 3.22(2.05) 7.17(1.13) 1.62(0.43) 2.88(1.36) 0.34(0.14) 

West. Pacific (5)5 64.5(0.5) 7.38(0.96) 6.00(2.70) 7.66(0.34) 10.0(3.43) 1.30(0.74) 2.13(0.89) 0.34(0.02) 

East. Indian Ocean (5)5 64.9(1.0) 7.68(0.69) 8.06(0.96) 7.49(1.18) 6.14(1.91) 2.02(1.25) 2.65(0.92) 0.36(0.07) 

l~verage of seven analyses with SiO contents bet een 79.8 and 81.3% from (13). '~verage of 
four analyses with SiO concen i berween277 and 84%. '4verage of six analyses with SiO, contents 
betwee 79 and 81% frog (4). 'Average of ten analyses with SiO contents between 54 ana 66% from 
(4). 'Average of all analyses w ~ t h  SiO, contents between 64 a n $  66%. 
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