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Hydrothermal systems are considered to have 

played an essential role in the origin of life on Earth 

and, potentially, on other planets [1–4]. These systems 

are known to form within hypervelocity impact struc-

tures [1,5–7], making them a target for astrobiology 

research. Such environments provide heat sources on 

otherwise cold planetary surfaces, thereby creating 

habitable environments for thermophilic and hyper-

thermophilic microorganisms [3] and potentially acting 

as ‘cradles’ for prebiotic chemical reactions [4]. Con-

straining the duration of hydrothermal activity at im-

pact structures is therefore crucial for understanding 

the origin of life. We present 40Ar/39Ar geochronology 

and numerical simulations of the hydrothermal system 

in and around the peak ring of the ~200 km diameter 

Chicxulub impact structure. Previous simulations of 

impact-induced hydrothermal activity found a maxi-

mum duration at Chicxulub of 2.3 million years, where 

the lifetime of the hydrothermal system is defined as 

the time taken to cool to 90 °C within 1 km of the sur-

face [8,9].   

Here we find that authigenic feldspar in the impact 

melt rocks at Chicxulub formed over ~6 Myr, from the 

time of impact ~66 Ma to ~60 Ma. We paired these 

empirical data with new, independently derived numer-

ical simulations that show continued hydrothermal 

fluid flow up to 7 Myr post-impact. We therefore in-

terpret hydrothermal activity at Chicxulub to have last-

ed at least 6 Myr.  

We used samples and data obtained from the joint 

International Ocean Discovery Program (IODP) and 

International Continental Scientific Drilling Program 

(ICDP) Expedition 364 at Site M0077 (21.45° N, 

89.95° W) [10,11]. Hole M0077A, drilled into the peak 

ring approximately 45 km from the crater center, re-

vealed new stratigraphy and physical properties of the 

rocks [10,12] which suggested that the hydrothermal 

system might have endured longer than previously 

believed. Microscopic observations of impact melt 

rocks from Core M0077A additionally revealed the 

presence of hydrothermal feldspar [13], which we  

interpret to have formed as the water flux in the system 

declined.  

We conducted 40Ar/39Ar step heating analyses on 

four samples of impact melt rock from three different 

depths: 706.4, 735.0, and 756.0 mbsf. Samples CHX 

706.4, 735.0, and 756.0A are dominated by authigenic 

K-rich feldspar which nucleated around quench-

crystallized plagioclase. Sample CHX 756.0B, from 

the same depth as 756.0A, is dominantly quench-

crystallized plagioclase surrounded by pore space.  

Samples CHX 735.0, 756.0A, and 756.0B all 

yielded plateau ages ranging from 58.3 ± 0.43 Ma (2σ) 

to 66.24 ± 0.74 Ma (2σ). Age probability of plateau 

ages yields a peak at ~60 Ma. The oldest ages meas-

ured in this study are indistinguishable from the K-Pg 

boundary (K-Pg = 66.052 ± 0.086 Ma, 2σ [14]). Sam-

ple CHX 706.4 did not yield any plateau ages. The 

spread of ages are interpreted to reflect protracted and 

heterogeneous formation of hydrothermal feldspar over 

at least ~4 to 6 Myr after the impact.  

Independently of the 40Ar/39Ar results, numerical 

simulations were conducted to simulate water mass 

flux and heat distribution in the post-impact hydro-

thermal system at Chicxulub. These simulations fol-

lowed a similar methodology to previous simulation 

studies [8,9,15], but are different in that they  include 

constraints from the physical properties and stratigra-

phy of the M0077A core. For this study, we used a 

modified version of the U.S. Geological Survey 
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(USGS) HYDROTHERM - Version 3 software 

[16,17]. Simulations were conducted in two dimen-

sions, creating a 160 km cross-section from the crater 

center, through the peak ring and up to its rim. Perme-

ability is a key constraint in numerical simulations of 

hydrothermal systems, since permeability has yet to be 

measured on the M0077A samples, permeability val-

ues for these simulations come from analogous materi-

als [18–22]. 

Results of the simulations suggest that hydrother-

mal fluid circulation at Chicxulub lasted for at least 6 

to 7 million years after the impact (impact age = 

66.038 ± 0.098 Ma [23]). After 6 million years the 

water mass flux in the system is 2 orders of magnitude 

smaller than at the start of the simulation, and after 7 

million years the temperatures have returned close to 

the regional geothermal gradient.  

The lifetimes of impact-induced hydrothermal sys-

tems in general are poorly constrained, with durations 

in only a few having been quantified by geochronolog-

ical measurements [e.g., 19–21], and numerical simu-

lations [e.g., 8,9]. The Sudbury impact structure, Can-

ada, is the site of the most extensive hydrothermal al-

teration in a terrestrial impact structure [8]. Along with 

its large size (~250 km in diameter) it is therefore a 

useful analogue for the duration of a hydrothermal 

system in a large impact structure such as Chicxulub. 

A maximum duration of conductive cooling of the 

Sudbury igneous complex of 1 Myr was determined 

based on zircon U-Pb ages [27], and cooling of the 

hydrothermal system is considered to have been much 

faster, on the order of tens to thousands of years, due to 

the added effects of fluid convection. However, numer-

ical modeling of the hydrothermal system at Sudbury 

by Abramov and Kring [8] suggests that the hydro-

thermal system could have remained active for hun-

dreds of thousands to several million years depending 

on permeability of the host rock. Similar results (~1.5 

to 2.3 Myr) were found for Chicxulub when conduct-

ing numerical modeling of hydrothermal activity, de-

pending on permeability of the host rocks [9].  

Based on the combined geochronological and nu-

merical simulation results of the present study, the 

duration of the hydrothermal fluid flow at Chicxulub 

appears to have been at least 6 Myr, up to three times 

longer than the previously simulated ~2 Myr [9]. We 

attribute this difference primarily to the different phys-

ical properties of the rocks measured in the M0077A 

drill core relative to those in the Yaxcopoil-1 and Yu-

catan-6 cores. Specifically the lithologies from 

M0077A exhibit higher density of fractures and higher 

porosity than the cores used in previous simulations 

[12]. Additionally, the version of HYDROTHERM 

used in the present study is better able to account for 

complex stratigraphy than previous versions. 

The duration of hydrothermal systems generated by 

large impact structures is clearly highly complex, and 

more thermochronometric data are necessary to unrav-

el the intricate thermal history at Chicxulub [ see also 

28, 29]. If Chicxulub is found to be unique in terms of 

its cooling and/or fluid flow history, then the search for 

extraterrestrial life should be focussed on impact struc-

tures that were big enough to disrupt the mantle on 

their respective planets,; that formed when there was 

mantle convection, or that otherwise bear similarity to 

the formation environment of Chicxulub.  

More work is needed to empirically measure the 

duration of hydrothermal activity at terrestrial impact 

structures of various sizes in order to constrain the 

ability of these systems to have provided habitable 

environments on early Earth or on other planets. This 

study has opened future research pathways to better 

understand the durations and temperatures involved in 

impact-generated hydrothermal systems. 
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