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THE CHICXULUB STRUCTURE: SURFACE MANIFESTATION AND POSSIBLE SULFUR 
ISOTOPE SIGNATURE; E.C. Perry, D. J. Winter, B. Sagar, and B. Wu, Northern 
Illinois University, DeKalb, IL 60115. 

Evidence has accumulated that the "Chicxulub Structure," northwest 
Yucatan, Mexico was produced by a bolide impact (1). We consider here two 
problems related to that structure: a) the unresolved relationship (if any) 
of a large circular surface feature comprised of aligned karstic sinkholes 
(Ring of Cenotes) to the structure (2, 3) and b) the probability and 
testability that a terminal Cretaceous impact into the pre-Tertiary 
sedimentary carbonate and evaporite facies rocks of northern Yucatan could 
release carbon dioxide, sulfur-rich (and C1-rich) gases that would strongly 
affect the K/T surface environment. 

With respect to the Ring of Cenotes, found inpost-Cretaceous limestones 
and dolostones, the problem is: how can young sedimentary rocks have a memory 
of an older event? This question has scientific interest (and possible 
practical importance inasmuch as the Ring dominates regional hydrogeology of 
northwestern Yucatan (4, 5). Pope et a1 (3) proposed ring formation by 
slumping of chaotically deposited material of the crater rim followed by 
fracturing and enhanced permeability in overlying rocks. We suggest that 
normal sedimentary processes, occurring on the decidedly irregular K/T surface 
and followed by karst solution, can account for the Ring. For example, if 
impact took place in a shallow sea, the crater rim might form a circular chain 
of islands and shallows. The islands could have formed the base for a coral 
reef that might then develop as a circular structure of exceptional 
permeability. Later, when the Yucatan Peninsula emerged, karst dissolution 
along favored groundwater flow channels through reef facies rocks overlying 
the crater rim could open a major circular subsurface conduit for groundwater 
movement. Sea level has varied by over 100 m in the Pleistocene; and, because 
the permeable Tertiary carbonate rocks of northwestern Yucatan lack 
significant aquitards, peninsular groundwater levels have varied 
correspondingly. A major cavern flow system, once established in the circular 
reef complex, would tend to propagate itself upward toward the surface with 
rising sea level. 

The second problem we address, expulsion to the atmosphere of volatiles 
derived from a specific suite of sediments, has been discussed by O'Keefe and 
Ahrens (6) who called attention to some of the special environmental 
consequences of a bolide impact in carbonate-rich sedimentary rocks. Because 
of the large percentage of evaporite minerals, specifically calcium sulfate, 
in the geologic section of northern Yucatan (7 ) ,  it is of interest to extend 
the discussion of O'Keefe and Ahrens and to explore the possibility that 
significant quantities of sulfur-rich gases also might have been introduced 
into the atmosphere by a Chicxulub impact. The recent report that impact glass 
from Haiti contains relatively large amounts of sulfur (8) provides additional 
support for the suggestion that sulfur may have been important in the 
geochemistry of the K/T boundary event. Among the obvious consequences would 
be the production of sulfate aerosols and of acid rain. 

Acid rain may have been important in producing physical and biological 
effects associated with the K/T boundary event. Martin and Macdougall reached 
this conclusion from Sr isotope studies of foraminifera (9). Atmospheric 
acidity from impact production of nitrogen oxides was proposed by Prinn and 
Fegley (10). Crutzen (11) suggests fires as a possible major source of 
nitrogen oxides, and Zahnle (12), although not convinced that the fossil 
record is consistent with extreme acidity, suggests that fires could be a more 
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important source than impact itself. Both sources of nitrogen oxides might be 
inadequate to account for the increase observed in 87~r/86~r of seawater at the 
K/T boundary (9). 

Data are lacking to calculate amount of sulfur species volatilized from 
an impacted geologic section of gypsum and anhydrite, but the occurrence of 
abundant SO2 and H2S in volcanic eruptions such as that of El Chichon (13) 
suggests that a large bolide impact into an evaporite sequence would release 
large amounts of sulfur gases. If the release characteristics for anhydrite 
were similar to those for release of C02 from calcite, then the molar yield 
in SO2 gas from a one km thick sequence of anhydrite might be about 70% of the 
molar yield of C02 from a one km sequence of calcite. For a Chicxulub-size 
impact, this would be on the order of loq6 moles. This is 10 times the 
Crutzen-Zahnle estimate of fire-produced nitrogen oxides (and H2S04 has twice 
molar acidity of nitric acid). 

Volatilization of the Chicxulub evaporite sequence may have left a 
sulfur isotope signature in terrestrial sediments. 1016 moles of sulfur is 
about 8 times the amount of sulfur now in the world's fresh water reservoirs, 
1.6 x lo5 times the amount of sulfur in the present atmosphere, and about 
34,000 times the estimated annual world volcanic flux. The average of 7 
determinations of 6% (vs CDT) for Cretaceous evaporite samples from the 
Yucatan Peninsula is 16.5% (14). This compares with average 6% values of +10 
and +5% for modern fresh water and the modern atmosphere respectively. If 
impact sulfur was volatilized from the Chicxulub site with little isotopic 
fractionation, %S enrichment may occur worldwide in appropriate terrestrial 
K/T boundary layer sediments. 

If sulfur isotope evidence confirms that acid rain from volatilization 
of evaporites contributed importantly to the surface environment at the time 
of the K/T boundary event, then it is probable (but not directly testable) 
that C1 volatilization (from NaCl in the evaporite mineral suite) also 
contributed acid rain. 
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THERMODYNAMIC MODELLING OF THE ORIGIN OF THE DIVNOE 
ACHONDRITE, M.I. Petaev and A.A. Ariskin, Vernadsky Inst. Geochem. Analyt. Chem., 
Russian Acad. Sci., Moscow, Russia. 

Chemical and petrologic properties of the Divnoe achondrite [I-31 suggest that the 
fractionated nature of the meteorite resulted from extraction of a partial melt from chondritic 
source material; Divnoe represents residual material together with a few solids crystallized 
from remaining partial melt [4]. The present abstract reports the results of thermodynamic 
modelling studies of equilibrium melting and subsequent crystallization of the Divnoe partial 
melt. 

To model phase relations we used a new version of the LUNAMAG code [5,6], which 
calculates equilibrium phase assemblages in closed systems as a function of temperature, 
pressure, bulk composition, and oxygen fugacity. The phases can include a silicate melt and, 
in the appropriate range of f,,, Fe metal. The system composition assumed was that of Div- 
noe [I] (excluding FeS, Cr203, H20, Ni, Co, Cu, and C). For computation of equilibrium 
phase relations in the system inputs were f,, and the degree of melting, which defines the 
temperature at which the assemblage is assumed to equilibrate. Three parameters were cho- 
sen to constrain the conditions of partial melting: (1) the mean Fa content of Divnoe olivine 
(26.2 mol %); (2) the modal (pure Fe) metal content of the meteorite, 10.3 wt.% [I]; and (3) 
a temperature of 1293k22OC7 derived from the Mg-Fe partitioning between olivine and chrom- 
ite [4]. Working from these constraints we found (Fig.1) that at log(f,J = IW - 1.8 and t = 
1311°C the equilibrium assemblage consists of 79 wt.% 01  (Fa 26.2), 10.3% Fe metal, and 
10.6% of melt containing (wt.%): SiO, - 58.96, TiO, - 0.27, A1,0, - 3.93, FeO - 16.30, 
MnO - 0.27, MgO - 8.32, CaO - 9.59, N%O - 1.38, K 2 0  - 0.10, and P,O, - 0.89. 

Further evolution of the melt was treated ignoring interaction with the residue. At 
log(foJ = IW - 1.8 cooling of the melt results in the crystallization of olivine and free metal; 
the latter is stable over the entire temperature range shown in Fig. 2. After 17% of solids 
have crystallized augite appears (Fig.2), and soon thereafter melt begins to react with the 
olivine to form OPX. Plagioclase appears only after 60% of solids have crystallized. At 
log(foJ = TW - 1.0 the sequence of crystallization is similar, but metal is absent and silicates 
are more ferrous. 

The computed crystallization sequence agrees with petrographic observations in Div- 
noe, except pyroxenes in the former are enriched in Fs (4 - 5 mol.%; Fig.2) compared to the 
pyroxenes in Divnoe [3]. The Mg number of the silicates can be changed by assuming lower 
fO, or reaction between the partial melt and residual olivine. CPX and olivine in Divnoe are 
not in equilibrium (Fig. 3), which implies either reequilibration of olivine with the melt or a 
cumulate origin for the CPX. Petrographic observations suggest also that the plagioclase and 
OPX crystallized simultaneously, while the model calculations predict earlier crystallization of 
OPX than plagioclase. This discrepancy may result from a higher Al,O, activity in the melt 
which crystallized the Divnoe minerals than in the computed melt phase. If a subchondritic 
composition is assumed for the source region of Divnoe, partial melting would produce a 
liquid richer in A1 and Na than the model melt and a residue similar in composition to the 
olivine + metal assemblage in Divnoe. Such an enrichment of the liquid in Na and A1 might 
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enlarge the plagioclase stability field and explain the -andesine composition of the Divnoe 
plagioclase in spite of the fact that the meteorite is depleted in Na and Al. 

REFERENCES: [I] Petaev et al. (1992), this volume. [2] Petaev et al. (1990) LPSC 
XXI, 948. [3] Zaslavskaya et al. (1990) LPSC XXI, 137 1. [4] Petaev et al. (1990) LPSC XU, 
946. [5]  Ariskin et al. (1990) Geokhimiya, No. 10, 1416 (in Rus.). [6] Ariskin et al. (1992), 
this volume. [7] Barrnina et al. (1988) Geokhimiya, No. 8, 1108 (in Rus.). 
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Figures 1-3. Computed relationships between mineral compositions, metal abundance, and 
temperature. 
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