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"Glass-like" shards recovered from a spherule bed of the K-T interval at Arroyo El Mimbral have been analyses for 
their major-element and radiogenic isotopic geochemistry. The results show that the brown glasses are compositionally similar 
and yield essentially the same age as the brown to black relic tektites from Beloc, Haiti. Other glasses of different colors 
apparently contain about 12% volatiles and, therefore, may not be glass but rather some other optically isotropic glass-like 
alteration material. U-Th-Pb. Rb-Sr, and Sm-Nd concentrations and isotopic compositions help define a mixing trend between 
Chicxulub basement and Cretaceous carbonates, but also suggest a component exhibiting a depleted mantle signature, possibly 
basaltic crust or material derived from it, 

In 1990, crucial rnineralogic evidence bearing on the Alvarez K-T boundary impact-extinction hypothesis was 
reported by Izett et al. [I]. Near Beloc. Haiti, they found glassy objects termed by them "relic tektites" along with other impact 
ejecta, including shocked quartz and zircon [1,2], Ni-rich spinels [3], and an Ir abundance anomaly [4]. The d i i v e r y  of the 
relic tektites allowed the Grst isotopic dating of the K-T impact event [5] and the acquistion of geochemical data bearing on the 
provenance of the K-T tektites [I]. In 1992, Smit et al. [6] described and illustrated (fig. 3B) glassy objects they called "tektites" 
from a spherule bed of the K-T interval at Arroyo El Mimbral, Tamauluipas. Mexico. They claimed that the spherule bed 
contains 28% shocked quartz grains. Conversely, Stinnesbeck et al. [7] looked for but did not find "glassy sphemles" or 
shocked quartz grains. However, they did find rare "glass shards" thought to be of volcanic origin. We collected several 
samples of the sphemle bed at El Mirnbral to help resolve the conflicting rnineralogic data and to determine the isotopic 
composition of any tektites found We did not find any shocked quartz grains in kg s i ~  samples from El Mimbral, but did find 
very rare tektites and glass-like shards. Rare shocked quartz grains were identified in samples of the sphemle bed &om the La 
Lajilla site 50 km north of El Mimbral. 

About 100 multicolored glassy appearing objects (<0.5 mm dim.) were recovered from a 5 kg sample of the basal 
part of the spherule bed at El Mimbral. A few of the glassy objects resembled the relic tektites from Beloc, Haiti, including their 
shapes (see [I], fig 3B), index of refraction [I], and major-element chemistry (Table 1 below). The average of two @ ~ r / ~ ~ A r  
age determinations of the brown El Mimbral tektites is 645 f 0.4 Ma, nearly identical to the weighted mean @ A I / ~ ~ A I  age of 
64.4 f 0.1 Ma for 52 Haitian tektites reported by [8]. Most of the remaining glassy appesring objects had shapes similar to 
heavily corroded glass shards in the cores of smectite spherules in the K-T boundary spherule bed at Beloc, Haiti. Most of the 
glassy appearing shards were pale green and forest green, followed in abundance by brown, gray, red, and yellow. These shards 
appeared isotropic under an optical microscope. No microlites were seen in the glass-like shards. The major-element 
composition of the brown tektites and multicolored glass-like shards are tabulated below in Table 1. The brown glassy objects 
are compositionally similar to brown to black relic tektites from Beloc, Haiti [I]. The composition of the multicolored glass-like 
shards is similar to the brown tektite glass objects, if the analyses are normalized to 100%. The striking feature of the electron 
microprobe analyses of the multicolored shards is that the totals are only about 88%. suggesting that they contain about 12% 
volatiles. Hydrated volcanic glass with more than 7% volatiles is virtually unknown [9]. This evidence suggests that the 
material composing the shards is not glass but rather is some other optically isotropic glass-like alteration material. For lack of a 
beaer word, however, we will hereafter refer to these objects as "glass." 

Table 1: N SiO;! A1203 MgO FeO CaO Na20 K20 MnO BaO Ti@ TOTAL 
TEKTlTE GLASS 

BROWN 10 64.6 14.5 2.7 4.9 5.5 2.8 1.7 0.1 0.1 0.6 97.4 
GLASS-LIKE SHARDS 

DARKBROWN 3 55.6 14.1 3 3  5.8 5.7 1.6 0.8 0.1 0.1 0.7 87.8 
GREEN 5 58.1 14.4 1.7 3.9 4.5 2.0 1.1 0.1 0.1 0.7 86.6 
GRAY 2 55.2 13.8 3.2 5.5 5.5 1.9 0.6 0.1 0.0 0.7 86.5 
RED 2 58.3 14.5 0.2 5.7 3.5 1.9 0.9 0.0 0.4 0.7 86.7 
YELLOW 3 60.9 15.0 0.2 1.6 4.2 2.8 1.4 0.1 0.1 0.8 87.2 

[N, number of analyses; reported value. are the mean] 

An attempt to measure the U-Th-Pb, Rb-Sr, and Sm-Nd isotopic compositions and concentrations was made on five 
groupings of the El Mimbral glasses (MG); the results are listed below (Table 2). The glasses were handpicked according to 
color or combinations of color from a single mixed batch under a binocular microscope. The pale to forest green glasses were 
the largest batch (G; 1.4 mg), followed by the yellow (Y; 1.2 mg), then the multicolored fractions of green-yellow-brown (G-Y- 
B; 1.0 mg) and gray-green glass (G-G; 0.65 mg), and the smallest was the brown batch (B; 0.18 mg). Poor quality data and 
relatively large errors for some analyses in some batches was a function of small ion beam intensities, mainly due to the small 
total elemental yields, but also due unfortunately to the failed nms for Pb in G and Sr in Y. Attempts to recollect these elements 
did not yield any better results. However, even with these problems, some useful information can be extracted. The 
concentration data is accurate as well as relatively precise, the only possible exception being the Sr datum for Y, and an 
interesting correlation between RbISr and Sm/Nd is shown in figure 1 below. The data indicate a linear array between 
Chicxulub melt rocks (CMR), Haitian black tektites (HBT), and some of the MG, with average values for carbonate rocks [12] 
as one endmember. These data suggest that the glasses plotting along the trend were produced by mixing Chicxulub basement 
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with Cretaceous carbonates. Similar trends comparing the same materials have already been recognized for CaO vs Si02 [13], 
and correlations between Sr-Nd isotopic compositions and 6% values were reported for CMRs and HBTs [lo]. 

However, unlike the HBTs, the MGs are characterized by initial Sr isotopic compositions very similar to values for 
Cretaceous seawater [15] and three of the analyses show Sr abundance in excess of 1500 ppm that are typical of only carbonate 
rocks. In fact, none of the MGs exhibit the same U-Th-Pb, Rb-Sr, and Sm-Nd isotopic systematics as the HBTs [I1 however, 
some show partial similsrities: (1) although all of the initial Pb values have slightly more elevated 206pb/204F'b and 2hPb/204F'b 
values relative to HBTs, G-Y-B is close, (2) Y has Rb-Sr characteristics that are similar, (3) G G  has a Nd signature very similar 
to the HBTs, although the Sm-Nd concentrations are considerably lower, and (4) G, although not similar to HBTs, has very 
similar characterisitcs to the Haitian yellow glasses [14]. Also. B and G-Y-B have curiously large positive 

~ b #   ti# ~ b #  sr# 
Table 2: U* Th* Pb* Rb* Sr* Sm* Nd* 2061204 207/204208/204 87/86  EN^@ T ~ ~ @  
GREEN (G) 1.2 5.4 9.2? 33 1742 3.9 17.9 1831? 15.42? 37.56? 0.70757f6 1.7M.5 710 
YELLOW(Y) 0.8 5.3 0.6 41 509? 3.9 18.2 18.96 15.75 38.81 0.7117 ??? 4.9 M.8 430 
MIXED (G-Y-B) 1.2 4.7 3.3 30 2054 3.7 17.7 18.93 15.70 38.74 0.70746 f 6  9.7 35.1 20 
GRAY-GREEN 1.0 4.0 2.1 27 820 2.7 12.8 19.04 15.73 38.88 0.7077 f 7  -2.9 k4.5 1070 
BROWN (B) 1.3 4.8 6.1 28 2720 3.8 15.8 19.00 15.71 38.75 0.70739 f5 9.423.7 30 
[*; concentrations listed as ppn, errors are between 0.1 and 0.5% excep for Rb, -1%; #, initial isotopic values calculated at 65 Ma using the 
decay constants of Steiger & Jager, 1977;  EN^ calculated according to DePaolo, 1981, for 65 Ma, the age of the glasses, and TDM, 
calculated using 1 4 7 1 1 4 4 ~ ~  = 0.222 and 1 4 3 1 1 4 4 ~ ~  = 0.513114 after ONions et al. 1977; and "?" means poor quality datum due to small ion 
beam intensity] 
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initial qqd values, typical of juvenile crustal material derived from a depleted mantle source or sediments derived from them. If 
these objects really are ejecta glasses produced during the K-T boundary event at Chicxulub, one possible explanation is that B 
and G-Y-B are mixtures of mostly carbonate and some oceanic sediment or crust, a mix that might represent the target 
stratigraphy of the north side of Chicxulub [16]. The Chicxulub basement endmember, represented by the ejecta to the south of 
Chicxulub; i.e. the HBTs, is a partial component in G, Y, and G-G. 
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