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Introduction: The Chicxulub impact crater, Mex-

ico, was formed from the impact of a bollide into a 
layered target of carbonates and silicates in the late 
Cretaceous (K-T boundary event) [1, 2].  The Yaxco-
poil-1 drill core, in the annular trough of the crater 
found layered impactites containing upper reworked 
suevite, and lower impact melt breccia [3].  The melt 
breccia units are Mg-, and possibly K-rich, and several 
models have been drafted to explain these enrich-
ments.  Models can be divided into two categories:  (1) 
The Chicxulub melt breccia is the result of a silicate 
melt later enriched in Mg and K by fluid (seawater or 
hydrothermal), or (2) the Chicxulub melt breccia con-
tained Mg-rich dolomite melt and other K-rich target 
materials [4, 5].  A combination of the two is also pos-
sible, as is suggested by this study.  SEM, electron 
microprobe, and X-ray diffraction analyses were con-
ducted to determine textural and chemical relationships 
of melt clasts, in what minerals the Mg exists, if the 
Mg can be correlated with any other element that 
would indicate origin, and if the impactites contain 
hydrothermal minerals.   

Results: In comparison to upper suevite, lower im-
pact melt breccias have puzzle-like, angular, discrete 
melt clasts (Figure 1). The matrix material between the 
clasts is chemically and physically distinct, and con-
tains a much greater percentage of clay.  Pertinent re-
sults include: 
• The Mg enrichment is found only in the matrix 

(Figure 2) 
• The K-enrichment is concentrated only in the 

rims of the silicate melt clasts (Figure 2) 
• Therefore, the Mg and K concentrations are not 

spatially correlated (Figure 2) 
• Calcite is ubiquitous only in matrix material 
• No high temperature hydrothermal minerals 

were found, although clay alteration is abun-
dant. 

 
Element maps for several samples of the melt brec-

cias reveal melt clasts that are generally Mg-, and Ca- 
poor, Si-, and Al- rich, often with K-enrichment in 
rims.  The matrix material is very Mg-rich (20% or 
greater), K- and Fe- poor, and contains slightly less Si 
than melt clasts.  Calcite exists as discrete crystals only 
among the matrix.  In addition, the matrix is physically 
distinct from the melt clasts, as it exhibits flow texture 
around clasts, and is much more altered to clay.  XRD 

analyses indicate that this clay is smectite.  The pres-
ence of chlorite or other higher-temperature hydro-
thermal minerals were not detected by X-ray Diffrac-
tion.  Chlorite has been described in the sections by 
Zurcher and Kring [7], but was not identified in this 
study.  Since these minerals have not been described 
by other workers, at best they are not abundant. 

Discussion and Conclusions:  If the Mg and K- 
enrichments were the result of downwelling seawater 
[6], then Mg and K enrichments and alteration of both 
matrix and clast glasses would be expected.  In addi-
tion, studies of both high and low temperature altera-
tion by seawater have found strong preferential en-
richment of K, not necessarily Mg [8, 9].   

Therefore, seawater might explain the K enrich-
ment in the melt clasts, but does not appear to be the 
process responsible for the matrix chemistry, espe-
cially the Mg-enrichment.  If hydrothermal fluids were 
responsible for both of these major element enrich-
ments, similar enrichments in melt clasts and matrix 
would again be expected, as well as the presence of 
higher-temperature hydrothermal minerals.   

Based on this evidence, it appears that the matrix 
material reflects a protolith composition different from 
the melt clasts.  This composition is best matched by 
the presence of a dolomite component, to provide the 
Mg.  Therefore, the impact melt breccia consists of 
silicate melt clasts infiltrated by quenched dolomitic 
melt.  If correct, then this would have implications for 
the deposition and brecciation of the melt breccia.  The 
puzzle-like fit of the melt clasts indicate that not much 
transport occurred after brecciation, and so the clasts 
must have been brecciated immediately before or upon 
deposition.  The K-enrichment seen on the rims of 
clasts, but completely devoid in the matrix may indi-
cate that seawater was responsible for the quenching 
and possibly brecciation of melt, and that this occurred 
before the dolomite groundmass was emplaced. The 
high calcite and Mg, but low Fe content indicates that 
the matrix was a dolomitic melt. Because the matrix 
exhibits flow texture around the clasts, it was likely 
fluid longer, perhaps indicative of a lower melting 
temperature than the silicon-rich clasts, as would be 
the case for a dolomite melt.  The infilling of the ma-
trix likely occurred quickly after brecciation, again as 
indicated by the puzzle-like fit and close spatial rela-
tion of melt clasts. Following this reasoning a deposi-
tional model for the Yax-1 melt breccia would include 
the ejection of separate silicate and dolomite melts, of 
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which the silicate melt was deposited first, and perhaps 
quenched and brecciated by downwelling seawater, 
producing K-enrichment on edges of clasts.  The brec-
cia was then rapidly permeated by the dolomite melt, 
which was later quenched, producing the dual melt 
breccia.   
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Figure 1.  Optical image of Yax-1 643 melt breccia show-
ing puzzle-like fit of silicate melt clasts surrounded by 
dolomitic matrix. 

Figure 2. Element maps of Yax-1 641 melt breccia 
showing K enrichment on clast rims and Mg enrich-
ment only in matrix.  Red=high concentration., blue= 
low concentration. 
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