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Introduction: The Chicxulub impact crater, Mex-

ico, was formed in a layered target of carbonates and 

silicates [1, 2].  The Yaxcopoil-1 drill core, in the an-

nular trough of the crater consists of layered impactites 

with upper “reworked suevite”, and lower “impact melt 

breccia” [3].  Impactites are Mg-, Al-, and K-rich in 

certain units.  Elemental signatures in the impactites 

cannot be explained by any one unaltered parent lithol-

ogy.  Models that explain the Mg and K signatures can 

be divided into categories: (1) Formation of Chicxulub 

impactites from a single silicate melt later altered by 

aqueous or hydrothermal fluids, or (2) derivation of 

impactites from at least two Mg-, and/or K-rich prima-

ry melt compositions, or (3) some combination of 

aqueous and hydrothermal alteration and multiple im-

pact melts [4, 5]. 

Results: Microprobe, SEM, and X-ray diffraction 

analyses were conducted to determine textural and 

chemical relationships of melt clasts and matrix, the 

origin of major element signatures, and to determine if 

the impactites contain hydrothermal minerals.  Quantit-

ative element maps coupled with backscattered elec-

tron images were particularly useful for determining 

the relationships between the chemistry and textures.  

The results are as follows: 

 The matrix is physically distinct from the melt 

clasts and locally exhibits flow texture around 

clasts, and alteration to smectite clay.   

 The Mg-enrichment is found only in the matrix. 

 Calcite is ubiquitous only in matrix material. 

 The K-enrichment is present only in the rims of 

the Si-, Al- rich melt clasts. 

 XRD analyses did not detect the presence of 

chlorite or other hydrothermal minerals. 

The lower units at a depth below about 847 m, and 

presumably deposited first, contain an melt breccia.  K-

enrichment is seen on puzzle-like angular, silicate melt 

clast rims in element maps, while the matrix material 

consists of a separate Mg-rich (20% or greater), lithol-

ogy with no K-enrichment.   

The upper suevite layers above 846 m, and presum-

ably deposited slightly later in time, also contain two 

lithologies: a Mg- rich matrix lithology containing cal-

cite, and a Si-, Al-, sometimes K- rich lithology.  How-

ever, these lithologies are represented in both the 

groundmass and schlieren 

melts, with evidence for 

melt immiscibility.   

Discussion: Hydro-

thermal fluids and/or sea-

water alteration?  Altera-

tion by hydrothermal fluids 

has been suggested by sev-

eral authors [3, 6 – 9].  If 

the Mg in the matrix ma-

terial is the result of fine 

clast material altered by an 

influx of hydrothermal flu-

id, then it should have also 

affected the glass or finely 

crystalline material of the 

larger melt clasts.  The melt 

clasts, however, maintain 

sharp boundaries, with 

quenched textures at the 

edges, and no Mg-

enrichment.  The lack of 
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Fig. 1. Quantitative element map with oxides in 

weight percent of impact melt in Unit 4, sample 641.  

The data shows an Al-bearing melt clast with puzzle-

like fit (upper left) and K-enrichment on edges (upper 

right).  Clasts are crosscut by Mg-rich matrix.  Matrix 

also contains calcite (Highest Ca in lower left). 
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chlorite or zeolites in the matrix also argues against an 

extensive hydrothermal regime for the formation of the 

melt breccia matrix.  Ion probe data for Li, Be, B, and 

Ba by Newsom et al. [10] do not indicate fractionation 

of these elements, arguing against an extensive hydro-

thermal system at Yax-1. 

If both the Mg and K- enrichments were the result 

of downwelling seawater [6], then Mg and K would be 

expected to spatially correlate, 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 

enrichment of K, not necessarily Mg [11, 12].  There-

fore, seawater might explain the K enrichment in the 

melt clasts, but does not appear to be the process re-

sponsible for the matrix chemistry.  Hydrothermal 

processes seem to have been of limited importance.  

Origin of Mg-rich matrix as a dolomitic melt? 

What additional observations constrain the origin of 

the Mg-rich matrix material?  XRD analysis of careful-

ly drilled powders showed that the matrix contains sa-

ponite, a Mg-rich clay.  Formation of the Mg-rich clay 

by the fluid alteration of a more Al-rich material, like 

the melt clasts, is problematic, because Al is not fluid 

mobile.  The least problematic way to explain the Mg-

rich matrix is to have Mg-rich starting material in addi-

tion to the Si-rich material.  Considering the composi-

tion of candidate materials including granite, dolomite, 

basalt, and sedimentary rocks, dolomite is the only 

natural material of the three that approaches the high 

Mg concentration of the Yax-1 melt breccia matrix.  

The complexity of the target source materials for the 

melt particles has also been noted by Tuchscherer et al. 

[13].  Zürcher et al. [14] analyzed O , C, and H iso-

topes, and found a signature they concluded is consis-

tent with the addition of a limestone component, but 

could very well represent a dolomite component as 

well.   

Dual melts have also been identified at the Ries cra-

ter by Graup [15] and Osinski [16], and at the Haugh-

ton structure, Canada [17, 18], where evidence sug-

gests that the two components of the matrix resulted 

from dolomite and silicate melts.  In addition, experi-

mental data for shock melting of pure dolomite, and 

equilibrium melting studies [e.g. 19] suggest that the 

Mg-Si-rich matrix material could have been produced 

from a high temperature, impure dolomite melt, while 

calcite could crystallize out as the other phase in the 

matrix.  An injected melt derived from dolomite in the 

target rock is therefore the best explanation for the 

chemistry and texture of the Mg-rich matrix material. 

Conclusions: These results support the following 

sequence of events to form the Yax-1 breccias:  

(1) Impure dolomite and silicate basement litholo-

gies were melted and ejected during crater formation.   

(2) In the lower portion of the ejecta, at a depth as-

sociated with lateral surge ejecta dynamics, the silicate 

melt was quenched, brecciated, and enriched in potas-

sium by seawater, or another K-rich fluid during trans-

port or shortly after deposition.  This deposit was 

slightly later permeated by Mg-rich dolomitic melt, 

possibly from melt bodies in the ejecta deposit that 

were not as well mixed as seen in the upper ejecta ma-

terial.  In addition, since other authors [8, 9, 20] have 

identified carbonate melts, including dolomite clasts in 

the drill core, this may mean there is actually a larger 

amount of dolomite melt than previously identified, 

given the dolomite-rich Cretaceous target. 

(3) The dolomite and silicate melt textures in the 

suevitic upper units appear to be consistent with mixing 

in the ballistic ejecta down to the millimeter scale dur-

ing transport.  The suevite breccia above 824 m in the 

sequence consists of schlieren dolomitic and silicate 

melts containing immiscible melt textures. 
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