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Introduction: Initial lithologic characterization of 
core material recovered from the 2016 joint Interna-
tional Ocean Discovery Program (IODP)-International 
Continental Scientific Drilling Program (ICDP) Expe-
dition 364 has produced exemplary evidence for post-
impact hydrothermal alteration of the Chicxulub 
peak-ring [1–4]. The impact melt-bearing breccias 
and melt rocks of the upper peak-ring are pervasively 
altered and preserve a diverse suite of clay minerals 
and zeolites, in addition to carbonates, sulfides and 
other phases. The conditions under which these min-
erals form within impact settings on both Earth and 
Mars remains unclear due, in part, to a lack of de-
tailed studies of terrestrial craters, and the large range 
of possible conditions that could lead to their devel-
opment. Additional geochemical and isotopic datasets 
are needed to provide environmental constraints, par-
ticularly for such phases present on the surface of 
other terrestrial bodies (e.g., Mars), for which there is 
often minimal to no geologic context. Clay minerals, 
in particular, remain prime exploration targets on oth-
er terrestrial planets as they form in the presence of 
water and preserve information on fluid chemistry and 
temperature. Clays with high surface to volume ratios 
and cation exchange capacity (CEC) (i.e. the smectite 
group) can also act as templates for prebiotic organic 
materials synthesis [5–7].  

Here we present the first δ2H and δ18O results from 
an ongoing study of secondary clay minerals pre-
served in the upper Chicxulub peak-ring (Units 2 and 
3). In particular, we examine the context of the clays 
within the post-impact hydrothermal system, and the 
isotopic information they preserve on the fluids that 
affected this part of the structure. 

Our initial analyses revealed these clays to be tex-
turally and chemically diverse, belonging predomi-
nantly to the smectite group, and displaying a range of 
sizes (Figure 1), crystallinity and chemical composi-
tion (i.e., Fe-Mg vs Al-K-rich varieties) [3]. Follow-
ing up on this work, we have expanded our study to 
include samples from other intervals, examination of 
other clay size fractions, and additional techniques to 
determine: (1) whether any zonation or transitions are 
preserved through all subunits, so that we may form a 
more complete cross section through the upper peak-
ring; (2) whether different size clay fractions in these 
lithologies are mineralogically and isotopically dis-
tinct, and (3) the temperatures and fluid sources with-
in the hydrothermal system, focusing on conditions of 
clay mineral formation. 

Methods: All analyses were performed using fa-
cilities at the University of Western Ontario. Polished 
thin sections were examined using a JEOL JXA-8900 
L electron microprobe with beam operating conditions 
of 15 kV. Following initial characterization, 13 sam-
ples of homogeneous melt-bearing breccias and of 
individual “glass” clasts were selected for clay miner-
al separation and powder X-ray diffraction (XRD), 
performed at the Laboratory for Stable Isotope Sci-
ence (LSIS). Various particle sizes (i.e. <2, 2-0.2, and 
<0.2 µm) were separated by centrifugation. Aliquots 
of each were saturated with Ca2+ and K+, and then 
examined using a series of XRD scans in preferred 
orientation to identify the clay minerals [8,9,10]. 
XRD of randomly oriented samples was used to de-
termine the b-parameters of the clay assemblages. 
XRD was performed using a high-brilliance Rigaku 
Rotaflex RU-200B series diffractometer, equipped 
with a rotating anode (Co Ka source). Hydrogen and 
oxygen isotope analysis of the clay minerals was 
completed using conventional methods most recently 
summarized by Huggett et al. (2017) [11].   

Results: Smectite is consistently the dominant 
clay mineral group present through Units 2 and 3, in 
both the 2 to 0.2 µm and <0.2 µm size fractions. 
There are changes, however, in the smectite octahe-
dral cation site occupancy from trioctahedral to dioc-
tahedral through the peak-ring that correlate with in-
creased host rock porosity [12]. 
 

 
Figure 1: Backscattered electron (BSE) image of al-
tered glass clast in melt-bearing impact breccia (Unit 
2A) showing different sized smectites, in-situ. Label 
(1) indicates the very fine clays and (2) the larger, 
more crystalline size fraction.  
 

1663.pdf50th Lunar and Planetary Science Conference 2019 (LPI Contrib. No. 2132)



 
Figure 2: Summary of initial subset of δ18O and δ2H 
results obtained for the <2 µm size fraction of five 
samples (M0077A: Smc), and their respective calcu-
lated fluid compositions at 50°C and 150°C; this posi-
tions the putative fluids in δ - δ space in a region that 
could indicate mixing among meteoric water, sea-
water and basinal brine endmembers as well as rock-
organic-water interaction. These are compared to the 
results for bulk silicate analysis in Yaxcopoil-1 (Yax-
1) [13]. Also shown are Local and Global Meteoric 
Water Lines (LMWL and GMWL, respectively), Gulf 
brines [15, 16, 17], the supergene-hydrothermal line 
(S/H) after Sheppard and Gilg (1996) [14] and the 
montmorillonite weathering line (Mont.) after Savin 
and Epstein (1970) [18]. 
 

Initial δ18O and δ2H results for the <2 µm size 
fraction of 5 samples from Units 2A (~629, 636, 639 
and 663 mbsf) and 2C (~714 m below sea floor) are 
shown in Figure 2. Our δ18O results lie within the 
lower end of range obtained from bulk silicate analy-
sis of the Yaxcopoil-1 core [13], which sampled the 
annular trough surrounding the peak ring. Direct 
comparison, however, is not possible as the size frac-
tions and overall mineral compositions analyzed were 
different from this study. Our δ2H results are much 
lower (by ~50 ‰) than those obtained for the Yax-
copoil-1 core.  

Discussion:  Our initial isotopic results suggest 
moderate hydrothermal temperatures (50–150°C) and 
an enigmatic source of fluids (Fig. 2); the correspond-
ing fluids calculated based on the lower limit of the 
supergene-hydrothermal temperature range are also 
shown for reference. These results remain open to 
interpretation at this time. We note, however, that  
these data likely do not reflect a single, unmodified 
fluid endmember (e.g. seawater, meteoric water, basi-
nal brines) but rather may be a product of mixing of 
multiple fluid reservoirs and/or rock-water-organic 

interactions. For example, previous fluid inclusion 
studies of early-formed post-impact quartz veins with-
in the underlying Cretaceous sedimentary rocks in the 
Yaxcopoil-1 core suggested that hydrocarbon migra-
tion and maturation was driven by impact-induced 
hydrothermal activity [19]. Similar processes may 
have affected clay-forming fluids in the peak-ring. 

Forthcoming δ18O and δ2H analyses of an expand-
ed sample set should provide more conclusive infor-
mation about the fluid types and temperatures associ-
ated with formation of the various clay size fractions 
through the core. For example, the isotopic composi-
tions of different clay size fractions within the peak-
ring may record distinct fluid events [20], either be-
cause of different conditions of crystallization or dif-
ferential susceptibility to post-formational isotopic 
exchange. For example, smaller, more poorly crystal-
lized clay size fractions (<0.2, <0.1 µm) have a higher 
surface area to-volume ratio than their larger, better 
crystallized counterparts, making them more suscepti-
ble to isotopic exchange. Additional XRD characteri-
zation, explored more thoroughly in Simpson et al. 
(2019) [21], will also provide more complete infor-
mation on the variations in clay mineralogy through 
these intervals, particularly those sections expressing 
dioctahedral versus trioctahedral zonation in smectite 
composition. Integration of the mineralogical and 
isotopic datasets should provide a fuller description of 
the range of fluid chemistries and temperatures during 
smectite formation in the Chicxulub peak-ring. 
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