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Interestingly, the larger basement uplift to 
the northwest and the full extent of the shallow 
Tertiary basin to the northeast, and their respective 
corresponding gravity signals, are often not included 
in maps and diagrams of the Chicxulub site.  
Instead, many authors choose to cut off their maps 
of Chicxulub abruptly to the north, minimizing the 
effects of both features (i.e. Keller et al. 2004a). Some 
authors fail to show either of these features in their 
diagrams (i.e. Morgan et al. 2000).

From these seismic data and earlier well core 
studies, the presence of multiple circular slump 
blocks extending outward from the crater center 
(multi-rings), a collapsed central uplift and a peak 
ring that was presumably thrust over the top of 
sedimentary layers were interpreted (Morgan et al. 
2000).

Additional seismic data were collected over the 
Chicxulub site in 2005 as part of the R/V Maurice 
Ewing cruise (Gulick et al. 2013). These new data, 
although rather poor quality below the K-Pg 
boundary (Fig. 5), have been interpreted to confirm 
the peak ring and the presence of melt and impactites 
over the Central Uplift.

In 2001–2002, and again in 2016, the International 
Continental Scientific Drilling Program (ICDP) drilled 
and collected cores from two sites at the Chicxulub 

location. The first well, called the Yaxcopoil-1 (Yax-1, 
Fig. 1), was drilled in the expectation of penetrating 
the impact melt lithologies and the underlying target 
rocks and to further detail the structure of the crater 
(Kring et al. 2004). A secondary goal was to refine the 
timing issues associated with the impact (Keller et 
al. 2004b).

The Yax-1 found about 100 m of combined melt-
rich rocks and brecciated rocks (collectively referred 
to as impactite), about 1/5 the thickness of the nearby 
Y-6 well (Kring et al. 2004). It was further noted 
that the melt-rich layer is compositionally quite 
unlike melt-bearing impactites at other terrestrial 
craters (Kring et al. 2004). The melt-rich rock layer 
itself was only about 24 m thick and was found near 
the base of the overall 100 m-thick impactite zone. 
The brecciated layer contained clasts of dolomite, 
anhydrite, limestone, sandstone, and basement 
rocks like granodiorite, gneiss, and schist (Keller 
et al. 2004b). Devitrified glass spherules were also 
observed in the brecciated zone.

The 24 m-thick, green andesitic melt layer (López-
Ramos 1975; Stinnesbeck et al. 2004) in the Yax-1 
well was generally massive in appearance, aphanitic 
and dominated by microcrystalline pyroxene, 
plagioclase and alkali feldspar (Kring et al. 2004). 
The andesitic lithology was similar to the melt-rich 
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Fig. 2. Bouguer gravity map of the Chicxulub area, showing locations of features discussed in text, used by permission 
of Virgil Sharpton/LPI (Lunar and Planetary Institute). Location for seismic reflection Line 10 (Fig. 5) and wellbore 
M0077A are shown. High gravity anomalies shown in yellow and orange. Low gravity anomalies shown in blue. The 
white dashed line is the approximate location of the land/sea boundary.  Figure courtesy of Susan Windsor.
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layers encountered in earlier PEMEX wells (Y-6, C-1, 
S-1), and the pyroxene and plagioclase components of 
the melt were very similar to the composition of the 
melt rocks in the nearby Y-6 well (Kring et al. 2004). 

The melt-rich layer in the Yax-1 well has also 
been heavily affected by hydrothermal activity, and 

the minerals having been altered at a temperature 
exceeding 300° C (Zürcher and Kring 2004). Because 
the melt layer was so thin in the Yax-1 well, Zürcher 
and Kring (2004) speculated that the thermal front 
for hydrothermal alteration must have come from 
somewhere else in the crater where the impact melt 
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Fig. 3. Stratigraphic well and core data across the Chicxulub site. All depths are in meters. Locations of selected 
wells are also shown in Fig. 1. Wellbores Y5A, Y6, YAX1, and T1 have projected lithologic data below the TD point 
in each borehole. These projections are based on the surrounding wells and are colored a lighter hue. Note there 
is 6–8 m of sedimentary anhydrite just above the TD of well Y6, and below the melt-rich zone, implying a full 
sedimentary section may exist beneath as shown. Wellbores Y4 and Y1 reached metamorphic basement rocks and 
M0077A drilled over 587 m of granite. Not all boreholes were used in this diagram as C-1 was nearly identical to Y-6 
and Y-2 was nearly identical to T-1. There was no published information available for well S-1. Figure prepared by 
Davis J. Werner.

Fig. 4. Final density model of Christeson et al. (2001) showing the Central Uplift and a similar sized, northwest uplift 
along Chicx-B/F profile. Location of profile is shown on Fig. 2. Modified from Christeson et al. (2001). Figure courtesy 
of Susan Windsor.
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was thicker. However, as will be discussed below, 
there appears to be no thick impact melt anywhere 
within the Chicxulub site. Below the 100 m-thick 
impactite layer, the Yax-1 drilled into and bottomed 
in Cretaceous carbonate rocks. The hydrothermal 
alteration remains poorly explained by the impact 
theory and another cause, possibly from magmatic 
activity, is more likely.

The second well drilled by the ICDP (M0077A) was 
located offshore on the northwest flank of the Chicxulub 
site. (Fig 1). The well encountered carbonate-rich 
sediments (Paleogene) from depth of 505–618 m, then 
breccia and melt-rich rock from 618–748 m (Fig. 3). 
At 748–1335 m, the well encountered, and bottomed 
in, fractured granitic rocks with multiple pre-impact 
dikes and several impact-generated dikes (Morgan 
et al. 2016).  Unlike the other wells at the Chicxulub 
site, M0077A did not drill through any Cretaceous 
carbonate rocks above the granitic basement (Fig. 
3). The authors of the initial report on M0077A claim 
the encountered rocks confirm the dynamic collapse 
model (Morgan et al. 2016). They further claim that 
they drilled into the peak ring composed of basement 
rocks that were thrust upwards several kilometers 
and transported more than 20 km horizontally over 
sedimentary rocks, according to their dynamic collapse 
model (Morgan et al. 2016). However, as discussed 
below, there are alternative explanations to what was 
encountered in this well.

6SHFLÀF�3UREOHPV�ZLWK�WKH�&KLF[XOXE�6LWH
This discussion will address some of the so-

called diagnostic indicators of an impact, such as 
evidence of high pressure conditions and chemical 
indicators like iridium and high pressure minerals 
(French and Koeberl 2010). In spite of the claims by 
many secular scientists, there remain a number of 
scientific oddities about the Chicxulub site. Some of 

these involve the signatures of things that are more 
commonly found at other impact sites, but are not 
found at the Chicxulub site. Other oddities include 
non-diagnostic features that are perceived to be 
caused by an impact such as the peak ring, but also 
have alternative geological explanations. 

Lack of an iridium anomaly 
The secular model predicts a layer containing higher 

than crustal levels of iridium (a rare earth element) 
should spread out across the globe after a major impact 
hits the earth, but this is not necessarily the case. 
Much of the iridium produced in an impact stays in the 
debris at or near the impact site, and does not go up in 
a dust cloud to later settle globally (Taylor 2007).  

Although higher levels of iridium have been found 
in rocks near the K-Pg boundary at many sites 
around the globe (Claeys, Kiessling, and Alvarez 
2002), it is not universally distributed. In fact,  
Ir-anomalies are not always observed in adjacent 
locations within the same rock unit, as Clemens and 
Hartman (2014) found in the Hell Creek Formation 
in eastern Montana.

Sarjeant and Currie (2001) further reported that 
the original site in Gubbio, Italy, made famous by 
the Alvarez et al. paper (1980), was reanalyzed by 
Crocket et al. (1988) and Rocchia et al. (1990). These 
authors found that the reported iridium anomaly 
was not a single spike in value as claimed by Alvarez 
et al. (1980), but a series of iridium-rich layers spread 
across a 4 m thick interval. Sarjeant and Currie 
(2001) concluded that this is hardly the type of data 
that support a single impact.

And what was found at the Chicxulub site in all 
the cores and drilling results to date? Although a 
few traces of iridium were identified in melt rocks 
in wells C-1 and Y-5 (Fig. 1) (Schuraytz et al. 1996; 
Sharpton et al. 1992) no significant amounts of 
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iridium have been found in any of the ejecta material 
or impactite layers across the Chicxulub site (Keller 
et al. 2004b). The amount found in the melt-rich 
rocks in C-1 and Y-6 ranged from none detected 
to 13.5 ppb, reportedly “well above typical crustal 
concentrations” (Sharpton et al. 1992, 820). Finally, 
there was no trace of an iridium spike in the top of 
the impactite in the Yaxcopoil-1 (Yax-1) core and no 
iridium reported to date within the M0077A core 
drilled in 2016.

In addition to the less than expected iridium, 
Paquay et al. (2008) found that the osmium residue 
in marine sediments at the K-Pg was insufficient for 
a large impactor the size of what has been claimed 
for Chicxulub.

Ironically, an iridium-rich layer is often used 
to identify the K-Pg boundary, where it is found 
(Claeys, Kiessling, and Alvarez 2002), and yet there 
is virtually no iridium in the impactite material at 
the very site claimed to be the “smoking gun.”

Shocked quartz not just from impacts
Shocked quartz is one of the more difficult 

discoveries at the Chicxulub site to try and explain 
using some endogenic terrestrial process other than 
an impact, but large volcanic eruptions and rapid 
magma quenching may provide possible answers. 
Shocked quartz is one of the high pressure induced 
transformations of the mineral quartz. It results in 
planar deformation features (PDFs) that are visible 
under an optical microscope (Huffman and Reimold 
1996). Its presence in rocks is generally assumed 
to indicate an extraterrestrial impact occurred as 
quartz can only produce PDFs at pressures exceeding 
10 GPa (100 kbars) (Gucsik 2009). Koeberl and 
Reimold (1999) have also suggested that identifying 
multiple directions of PDFs in a single quartz crystal 
is definitive proof of an impact, claiming that they 
can only form as a result of a hypervelocity strike.

However, this is apparently not true. PDFs and 
even multiple PDFs (up to 11 sets from seven quartz 
crystals) were found in samples from the Toba 
volcanic caldera, Indonesia (Alexopoulos, Grieve, and 
Robertson 1988). 

Others have been critical of volcanically-derived 
PDFs, claiming the resultant PDFs are not as 
well formed or as planar as impact-derived PDFs, 
allowing the discrimination between volcanic and 
impact PDFs (Alexopoulos, Grieve, and Robertson 
1988). But, Carter et al. (1986) found that the 
volcanically derived PDFs from Toba caldera had 
sharp, well-defined and continuous PDFs that 
more closely resembled the shocked quartz from 
a well-documented impact site (Mistastin crater). 
Lyons et al. (1993) reported that the spacing, shape, 
multiplicity, and orientation of PDFs do not reveal 

the nature or the source of the stresses responsible 
for their formation. All that is required for PDFs to 
form in quartz is the proper high pressure conditions. 

Shocked quartz can even be created in the outer 
shell of fulgurites as the temperature and pressure 
of the groundmass is elevated in a lightning strike, 
resulting in shock metamorphic effects from 
pressures of about 25 GPa (Ende et al. 2012; Saikia, 
Parthasarathy, and Borah 2015). The presence of 
shocked quartz and PDFs is not sufficient to claim an 
impact has occurred.

Furthermore, Huffman and Reimold (1996) 
described several conditions where the development 
of over-pressured conditions in magmatic systems 
were sufficient to create PDFs, including quench 
supersaturation, catastrophic phase changes and gas-
phase explosions. Quench supersaturation involves 
a very specific type of closed magma system where 
dissolved volatiles are able to reach supersaturation 
prior to eruption. In this scenario, a pressure front 
is generated across the magma chamber once crystal 
nucleation begins, triggering further exsolution of 
volatiles and crystallization as the magnitude of 
the pressure front increases (Huffman and Reimold 
1996). Rice (1985, 1987) suggested peak pressures 
above 50 GPa are possible in this situation.

A second way to generate a pressure front is 
through catastrophic phase transitions (Huffman 
and Reimold 1996). Experimental petrology has 
demonstrated the ability of natural silicate systems 
to produce large amounts of gas rapidly enough to 
initiate a shock wave across the magmatic chamber 
as the melt solidifies (Boslough 1989; Rabie, Fowles, 
and Fickett 1979). However, Huffman and Reimold 
(1996, 210) warn that “such detonations involving 
rapid crystallization will require rapid chemical 
transport or shock-induced shear transport.” 

A third method of generating a pressure wave is 
through gas-phase explosions. Huffman and Reimold 
(1996) describe conditions where dissolved gasses 
can change dramatically during rapid ascent and 
volcanic eruption. Under the right conditions and 
the presence of explosive gases, catastrophic gas 
reactions can contribute to a propagating, shock-
induced wave front passing through the magma 
(Huffman and Reimold 1996).

Most of the shock-generating conditions, described 
by Huffman and Reimold (1996), involve rapid 
ascent and rapid crystallization of magmas which 
they believe to be uncommon. However, the rapid 
ascent of magmas seems to be much more common 
than petrologists once believed. Rapid vertical 
ascent of magma has been noted in several newer, 
secular studies. Terry Plank and Philipp Ruprecht 
determined that the magma beneath Costa Rica’s 
Irazú volcano rose roughly 35 km in just months, or 
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at most a few years (Rosen 2016), finding that some 
magmas can ascend 10 km in just ten minutes.  

Other studies have found that magma beneath 
ocean ridges can rise over 5 km at rates exceeding 
1.0 m/sec (Tan et al. 2016). Plank and Ruprecht further 
suspect that rapidly moving magmas are related to 
the explosivity of the volcanic eruption because they 
release their dissolved gases more quickly compared 
to slower ascending magmas (Rosen 2016). These 
recent studies demonstrate that rapid phase changes 
due to rapidly ascending magmas may well be the 
norm. Shock waves generated by these reactions 
may be the cause of some of the shocked quartz we 
observe, even within intrusive igneous rocks.

The uniform shock pressures found throughout the 
over 500 m of felsic basement rock in well M0077A 
(Fig. 3) also are better explained by a magmatic 
origin such as a catastrophic phase change. Morgan 
et al. (2016) found no systematic change in shock 
metamorphism with depth of penetration in the 
basement rocks. All minerals showed shock pressures 
of about 10–35 GPa.

Limited high pressure mineral forms
Morgan et al. (2016) suggest that the so-called 

peak ring rocks were subjected to shock pressures 
of 10–35 GPa, while the melt rocks were subjected 
to pressures in excess of 60 GPa. Oddly, they found 
no indications of a systematic variation in depth 
within the coarse-grained, granitic basement “target 
rock” in drill hole M0077A, where over 500 m of 
basement was penetrated and cored. These findings 
suggest a uniform high pressure penetrated through 
the felsic rocks, fitting better with a pressure wave 
interpretation caused by rapid phase changes and 
crystallization as described above.

Pressures approaching or exceeding 60 GPa are 
also capable of forming high pressure minerals, not 
just PDFs, that can be indicative of an impact as they 
have been found at other known impact sites. Gucsik 
(2009) lists coesite (pressure range of 30–60 GPa) 
and stishovite (pressure range of 12–45 GPa), two 
high-pressure polymorphs of quartz that form under 
shock metamorphism. Coesite has been reported 
in 15 terrestrial impact craters in crystalline and/
or mixed sedimentary and crystalline target rocks, 
and stishovite in about half as many craters (Grieve, 
Langenhorst, and Stöffler 1996). The common 
presence of these high pressure mineral forms 
would go a long way in documenting diagnostic high 
pressure conditions indicative of an impact (French 
and Koeberl 2010).

Gucsik (2009) also lists diaplectic quartz glass, a 
solid-state transformation product of quartz formed 
at pressures above 35 GPa, and lechatelierite a 
liquid-state transformation product of quartz formed 

at pressures above 50 GPa, as additional minerals 
potentially indicative of a meteorite impact. However, 
lechatelierite can only occur under conditions of 
whole-rock melting (Grieve, Langenhorst, and 
Stöffler 1996). Diaplectic glass and lechatelierite 
are less commonly identified in rocks associated 
with an impact compared to PDFs, but are still 
good indicators of high pressure conditions (Grieve, 
Langenhorst, and Stöffler 1996). 

And yet, few of these high pressure minerals have 
so far been identified in the studies of the drill cores at 
or near the Chicxulub site. Kring et al. (2004) report 
finding a silica clast with ballen structure indicative 
of cristobalite in the Yaxcopoil-1 (Yax-1) well. Ballen 
quartz alone cannot be used as direct evidence of shock 
metamorphism, only indirect evidence (Ferrière and 
Osinski 2013). And cristobalite is a low pressure, 
high temperature quartz polymorph that is present 
in many siliceous volcanic rocks and is not usually 
indicative of shock metamorphic conditions (Hurlbut 
and Klein 1977). Tuchscherer et al. (2004) reported 
finding ballen quartz within the Yax-1 well core. They 
suggested it could be the result of recrystallization of 
diaplectic glass, indicating a possible shock pressure 
of about 30 GPa (Tuchscherer et al. 2004). However, 
they did not actually identify diaplectic glass, or at 
least it was not mentioned in their paper. Sharpton 
et al. (1996) did find some diaplectic glass in the 
impactite layers of PEMEX wells Y-6 and S-1 (Fig. 1) 
but did not quantify the amount. 

Stishovite and lechatelierite have also not been 
conclusively identified in the any of the studies of 
the Chicxulub well cores. However, Sharpton et al. 
(1996) suggest that some of the ballen structures 
they found may have come from devitrification 
of lechatelierite. Admittedly, these minerals are 
more difficult to identify optically, with stishovite 
appearing as concentrations between PDF lamellae 
(Grieve, Langenhorst, and Stöffler 1996). 

Only two fragments from one well core (Y-6, Fig. 
1) at the Chicxulub site yielded coesite-bearing 
quartz grains (Lounejeva, Ostroumov, and Sánchez-
Rubio 2002). The presence of coesite and PDFs in 
the same quartz grain indicates a pressure between 
30–35 GPa was likely achieved for these rocks 
(Grieve, Langenhorst, and Stöffler 1996; Lounejeva, 
Ostroumov, and Sánchez-Rubio 2002). Stöffler (1971) 
has stated that rocks from large craters should be 
expected to exhibit higher contents of coesite and 
stishovite than those of smaller craters. This makes 
their limited identification at Chicxulub all the more 
puzzling.

Few shatter cones found
Shatter cones can also be used as an indicator of 

an impact and have been found in about half the 
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confirmed impact structures, where they are usually 
in rocks from the central crater and sometimes as 
fragments in the impact breccias (Ferrière and 
Osinski 2013). Shatter cones are thought to form at 
fairly low pressures (2–10 GPa) and possibly early in 
the impact process. However, Ferrière and Osinski 
(2013, 108) also readily admit that, “The formation 
of shatter cones, widely accepted as unequivocal 
proof of a meteorite impact crater, is still not 
completely resolved.” They further acknowledge 
that shatter cones can be difficult to distinguish from 
non-impact features like cone-in-cone structures and 
slickensides.

Considering all the detailed studies conducted on 
the cores at Chicxulub, it seems rather odd that the 
only mention of shatter cones is in the most recent 
paper, from the last well drilled (M0077A). Morgan 
et al. (2016) observed a few shatter cone fragments 
in pre-impact dikes within the granitic basement 
rocks and also within the impact breccia. The impact 
breccia, target rocks, and melt rocks at the Yax-1 
borehole failed to turn up any shatter cone structures 
even after intense scrutiny by numerous working 
groups (Keller at al. 2004a, 2004b; Kring et al. 2004; 
Tuchscherer et al. 2004; Zürcher and Kring 2004). 
And there is no mention of shatter cones in any of 
the studies of the earlier drilled wells by PEMEX 
(Sharpton et al. 1996; Ward et al. 1995).

Very little pseudotachylyte
Pseudotachylyte (PST) is a special type of 

cataclasite rock that contains some frictional melt 
and is caused by catastrophic faulting (Spray 1995). 
Faulting caused by ring collapse of impacts, like 
Chicxulub, are expected to generate large volumes 
of melt in the ring fault zones, resulting in extensive 
production of PST (Morgan et al. 1997).  Rings of PST 
have been identified at the Sudbury crater, Ontario 
and interpreted as a consequence of catastrophic 
faulting during the formation of a large, multi-ring 
crater (Morgan et al. 1997). Because PST can also 
be produced by other types of tectonically-driven, 
catastrophic faulting, it cannot be used as sole 
confirmation of an impact (Spray 1995).

Several authors reportedly identified PST along 
impactite dikes and melt rocks in the lower part 
of the Yax-1 core (Kenkmann et al. 2003; Smit et 
al. 2002; Wittmann et al. 2003). Smit et al. (2002) 
reported “numerous pseudotachylyte veins and dikes 
of suevite and of melt breccia” in the Cretaceous 
sedimentary rocks near the base of the Yax-1 well. 
They believe the PST is related to ring faulting 
caused by the Chicxulub impact. Unfortunately, 
there are no published images of the claimed PST 
as all three references above refer to abstracts from 
society meetings. 

However, no other reports of PST were noted by 
other authors who studied the Chicxulub boreholes. 
The limited amounts of PST seem confined to the 
Yax-1 borehole and only to the pre-impact rocks 
(Cretaceous). A reexamination of the Yax-1 borehole 
by Stinnesbeck et al. (2004) found only two injection 
veins and just two dikes of suevite (containing some 
melt remnants) in the borehole. These authors 
did not identify PST within the veins or the dikes. 
Instead, they interpreted the injection veins as 
a “black fine-grained bituminous dolomite with 
intraclasts of anhydrite, calcite, pyrite and clay 
minerals” (Stinnesbeck et al. 2004, 1054). They 
believe the injection veins were formed by the forcing 
of sediment and hydrothermal fluids into cracks and/
or shear zones in the Cretaceous dolomite.

The small amount of melt
Most studies of the so-called melt rock in the Y-6 

well (Fig. 1) concluded it is a green, fine-grained 
andesite filled with glass, melt-rock clasts, and 
fragments of rocks such as granitic gneiss (Hildebrand 
et al. 1991; Kring and Boynton 1992; Sharpton et 
al. 1992, 1996). Kring and Boynton (1992) further 
argued that the melt observed in the Y-6 well could 
not have formed from normal volcanic differentiation 
as “the liquid represented by the augite-bearing 
groundmass does not lie on chemical trends produced 
by igneous fractionation processes.”  However, most 
of their comparison rocks were from subduction 
zone magmas and not volcanic rocks that may have 
mixed with other non-magma sources, including the 
basement rocks and sedimentary cover rocks found 
in the Yucatán Peninsula (Tuchscherer et al. 2004). 

Further, Kring and Boynton’s (1992) argument 
that only an impact could produce the observed 
melt mixture containing basement and sedimentary 
components is unfounded. An igneous intrusion 
originating in the basement would likely melt and 
assimilate some of the country rock as it migrated, 
changing the composition of the melt from a purely 
magmatic source as discussed above. In fact, the 
melt-rich rocks at Chicxulub were found to contain 
inclusions of granite, schist, gneiss, amphibolite, 
carbonate minerals, and anhydrite (Tuchscherer et al. 
2004). And Sharpton et al. (1996, 64) concluded that 
the “melts were derived exclusively from continental 
crust and platform sediment target lithologies, with 
no evidence of a significant mantle or oceanic crustal 
signature.” It is no wonder these melt rocks fail to 
follow normal volcanic melt fractionation curves. 
The atypical, assimilated composition of the magmas 
should not be expected to mimic normal igneous 
behavior.

Early estimates of melt volume were based 
on calculations of a transient crater of 110 km 
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in diameter (Hildebrand et al. 1991). Kring and 
Boynton (1992) calculated a melt volume of between 
3.7 × 104 km3 and 1.0 × 105 km3 of total melt if scaled 
using other impact craters. Melt volumes were later 
reduced slightly to 1.0−2.0 × 104 km3 (Pope, Kieffer, 
and Ames 2004). Nonetheless, Morgan et al. (2000) 
anticipated thick melt beneath the central portion of 
the Chicxulub crater (their Fig. 3) as much as 3–4 km 
thick based on geophysical data (Kring et al. 2004). 
And the dynamic collapse model of Morgan et al. 
(2016) predicts the creation of tremendous amounts 
of melt in the central crater region, with over 1 km 
spread across large portions of the crater (their Fig. 
1). Gulick et al. (2013) found that the seismic data 
across the site could not properly image nor constrain 
a melt sheet, leaving the estimated amount of melt 
very subjective.

The wells drilled into the Chicxulub structure 
tell us a different story, however. The thickest melt 
encountered in any of the wells was between 100–
300 m, and several penetrated far less or not at all 
(Christeson et al. 2001; Kring et al. 2004; Morgan et 
al. 2016). Kring et al. (2004, 894) lament that “The 
total amount of impact melt is, thus, unusually small 
in this core [Yax-1] for a crater the size of Chicxulub, 
some 180 km in diameter.” In order to explain the 
lack of melt in Yax-1, Kring et al. (2004) suggest 
that the well was drilled on some sort of topographic 
high which prevented the deposition of thicker 
melt. However, the wells drilled into the Chicxulub 
structure have not found any significant melt as 
anticipated (Fig. 3).

In the central portion of the Chicxulub structure, 
wells C-1 and S-1 bottomed in thin melt layers of 
less than 300 m that conceivably could be thicker 
(Sharpton et al. 1996). However, the nearby well Y-6 
puts a limit on the melt thickness in the center of 
the structure as it encountered 6–8 m of laminated, 
anhydrite-rich sedimentary rock at the bottom of 
the well, below the melt-rich layer (Hildebrand et al. 
1991) (Fig 3), tightly constraining the thickness of 
the melt near the center of the presumed crater.

The well data are compelling. There is not nearly 
enough melt encountered in the wells at Chicxulub to 
fit the amount of melt expected or modeled by secular 
scientists for such a presumed massive impact. These 
results indicate that something is wrong with the 
models.

Unfounded claims of a peak ring
The most recent contribution in the Chicxulub saga 

reported on the drilling results of the M0077A well 
site (Morgan et al. 2016). In their paper, the authors 
claim to have confirmed the presence of the peak 
ring after drilling into crustal rocks along the edge 
of the crater site. And yet, they failed to drill through 

the crustal rocks and into deeper sedimentary 
layers in order to truly confirm their hypothesis. In 
fact, the seismic line (Chicx-R3, Fig. 5) they show 
through the drill site is rather poor in quality and 
can be interpreted in multiple ways (Morgan et al. 
2016, Fig. 1G). The reflectors shown are nearly all 
discontinuous and it is only their subjective shading 
of the data that reveals the interpretation they desire. 
It is just as likely there are few, if any, sedimentary 
rocks beneath the drill location, and more likely just 
more granitic crustal rocks instead. 

Contrary to their second claim, Morgan et al. 
(2016) also failed to confirm their dynamic collapse 
model as illustrated in their Figs. 1A-F. This model 
predicts copious amounts of melt generated from 
the impact and significant, dynamic deformation 
of the crustal rocks down to depths of 30 km. They 
further claim that the granite they drilled into in core 
M0077A was part of the mid-crustal basement that 
was transported upward by the impact at least 3 km 
and possibly 8–10 km (Morgan et al. 2016). Thus, 
they argue, they confirmed their model by tagging 
granite beneath the breccia layer.  But, just because 
they found granite crust beneath the breccia layer 
underneath the Paleogene sediments does not prove 
they drilled into the so-called peak ring.

Their dynamic collapse model predicts tremendous 
deformation of the basement rocks occurring in the 
first ten minutes following the impact (Morgan et al. 
2016, Figs. 1A-F). This amount of deformation would 
most likely have resulted in ductile flow throughout 
the basement rocks, probably producing a pervasive 
rock fabric and the development of a dominant 
direction of foliation. Surely there should have been 
evidence of some type of internal deformation of the 
minerals (evidence of plastic flow) or evidence of ductile 
flow or at least some fabric trajectories produced by 
the movement of tens of kilometers of felsic basement 
rock (Ramsay and Huber 1983). And yet, the authors 
illustrate and describe what appears to be exclusively 
brittle deformation effects and simple fractured felsic 
basement rock (Morgan et al. 2016, Fig. 2). They 
even identified pre-impact mafic and felsic dikes in 
the core that are undeformed and unfolded, merely 
fractured (Morgan et al. 2016). Surely these structural 
features should have been highly deformed during the 
presumed several kilometers of transport upward and 
over the side of the crater, creating the so-called peak 
ring. It is a wonder, in their suggested scenario, that 
any pre-impact dikes are identifiable at all.

Instead, what the core at M0077A drilled was 
likely a faulted basement uplift that brought felsic 
crystalline rocks closer to the surface. From the 
gravity and the seismic data, it appears that the 
M0077A well drilled into the southwestern flank of 
the larger basement uplift northwest of the Chicxulub 
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site (Figs. 2, 4, 5). This structure is the likely origin 
of the gravity high that is so often ignored in any 
discussion of the claimed impact. 

Admittedly, the other two wells that reached 
basement rocks near the Chicxulub site, PEMEX Y-1 
and Y-4, reached quartz chlorite schist and extrusive 
rhyolite below the lowest sedimentary units and not 
granite (Fig. 3) (Kring et al. 2004). However, in the 
southern part of the Yucatán peninsula, another well 
did reach granite (Kring et al. 2004). This well also 
reportedly had Permian-Triassic granitic intrusions 
that penetrated the basement and the overlying 
sediments (Kring et al. 2004). Additionally, the 
lack of any metamorphic rocks on top of the deeper 
granitic basement rocks in M0077A may only be due 
to erosion across the uplift prior to the deposition of 
later sedimentary rocks. 

Therefore, the discovery of granite in the lower 
part of core M0077A is not confirmation of the 
dynamic collapse model that claims to have brought 
granite upwards several kilometers (Morgan et al. 
2016). The well did not drill into sedimentary rocks 
underneath the granite. It merely drilled into the 
variable basement rocks of the Yucatán Peninsula. 
And most likely drilled into a basement uplift as 
indicated by the gravity data (Fig. 2).

Large tsunamis not likely 
from the Chicxulub impact

Many authors have proposed that the presumed 
Chicxulub impact would have generated devastating 
tsunamis across the Gulf of Mexico, the Caribbean, 
and the Atlantic basins that were up to 100–300 m 
high and penetrating up to 300 km inland (Kring 
2007). This hypothetical scenario prompted the 
search for tsunami-generated layers across the 
Caribbean and Gulf of Mexico region. And sure 
enough, coarse deposits, claimed to result from 
tsunami waves caused by the Chicxulub impact have 
been identified all across the Gulf of Mexico region 
at or very near the K-Pg boundary (Bourgeois et al. 
1988; Gale 2006; Kring and Boynton 1992; Schulte 
et al. 2006; Smit et al. 1996; Smit 1999). Because 
many of these conglomeritic rocks, referred to as 
polymictic breccias, contained similar constituents, 
like higher levels of iridium, and impact spherules 
and melt fragments, they were quickly assigned 
to the Chicxulub impact. These same breccias are 
sometimes classified as suevite breccias due to the 
presence of melt-rich clasts (Sharpton et al. 1996). 

Several authors have also pointed out that these 
suevite breccias and/or conglomerate beds seem to 
thicken toward the Chicxulub site, using data from 
Cuba, Haiti, Mexico and the Gulf Coast of the United 
States (Alegret et al. 2005; Grajales-Nishimura et al. 
2000; Kring 2007). The origin of this so-called “clastic 

megabed” (Alegret et al. 2005) has been linked to the 
Chicxulub impact as it resides at or near the K-Pg 
boundary. However, the limited number of sampling 
locations across this vast of a region makes exact 
correlations problematic. In addition, Koeberl (1993) 
studied the geochemical signatures of the Haiti 
impact glasses, comparing them to Chicxulub target 
rocks (and even the breccia layer in the Y-2 well), and 
found them to be compositionally different. Koeberl 
concluded “that there are still questions regarding 
Chicxulub as the source for the Haitian K-T [K-Pg] 
boundary glasses” (Koeberl 1993, 214).

And so-called polymictic breccias are not 
unique to impacts, as popularly believed. They are 
merely defined as clastic rocks with many types of 
minerals or rock types. In fact, a polymictic breccia 
has been identified within the Middle Jurassic La 
Joya Formation in central Mexico which contained 
volcanic, sedimentary, and metamorphic clasts, 
including white, hydrothermally-altered quartz 
(Barboza-Gudino, Molina-Garza, and Lawton 2012).  
These polymictic breccias are interpreted by secular 
geologists as alluvial fan deposits, and are not 
associated with any impact.

Finally, Boslough et al. (2016) recently modeled 
the effects of an asteroid impact in water. They found 
through a 3D computer simulation that an impact 
would likely not cause a devastating tsunami across a 
broad region. They concluded that an asteroid impact 
acts as a point source and only affects the immediate 
vicinity surrounding the impact location. They 
correctly pointed out that a true, large-scale tsunami 
is only generated when something impacts the entire 
water column, like vertical movement of the seafloor. 

It is possible then, that the so-called tsunami 
deposits identified by so many secular geologists are 
not tsunami deposits at all, at least not generated 
by a single asteroid impact. Unfortunately, an 
impact origin for these coarse-grained deposits is so 
ingrained in the thought patterns of these secular 
authors that they cannot fathom any other possible 
cause for these clastic deposits. They insist, in spite 
of the findings of Boslough et al. (2016), that there 
must have been a large impact and huge tsunamis to 
generate these deposits across the vast region of the 
Gulf and Caribbean Sea.

Questioning the timing of the impact
Although Gerta Keller and her colleagues do 

not question an impact origin for the Chicxulub 
structure, they have for many years questioned the 
timing of the presumed impact, claiming it cannot be 
the cause of the dinosaur extinction as the timing is 
off by as much as 300,000 years (Keller and Adatte 
2007; Keller et al. 2004a, 2004b, 2007; Stinnesbeck 
et al. 2004; Ward et al. 1995).
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The main discrepancy in the timing debate 
involves a 50 cm thick, laminated micritic, and 
partially dolomitized limestone above the suevite 
layer (impact breccia and/or melt) in the Yax-1 well. 
Keller and her colleagues interpret this section as 
uppermost Cretaceous age based on paleontologic, 
isotopic, mineralogic, and magnetostratigraphic 
data, whereas most other authors believe it to be 
a reworked upper impactite layer that is nearly 
coincident in time with the impact event (Kring 
2007).

Keller and her colleagues make a fairly 
compelling argument based on the geologic data. 
Stratigraphic boundaries should be consistently 
picked on observable changes in the rocks and 
changes in the fossils within the rocks. Following 
this line of reasoning, the presumed Chicxulub 
event does seem to have occurred prior to the end of 
the Cretaceous.

However, 300,000 years is much less of a problem 
than the recent shift in the secular age for the K-Pg 
boundary which moved the date back by nearly one 
million years. Up until 2008, the “exact” age of the 
K-Pg boundary was firmly established at nearly 
exactly 65 Ma as was the Chicxulub event (Krogh et 
al. 1993; Sharpton et al. 1992).  

Then, orbital tuning struck the age of the boundary 
like an asteroid. Kuiper et al. (2008) suggested a new 
standard for 40Ar/39Ar dating which changed the K-Pg 
boundary from 65 Ma to 66 Ma. This new standard 
was presumably calibrated to tephra layers within 
astronomically tuned open marine sediments in 
Morocco. Therefore, they claimed, all earlier “factual” 
ages of 65 Ma years were deemed wrong, regardless 
of methodology. And correspondingly, the age of the 
Chicxulub impact was likewise changed to reflect 
this time shift.

Hebert (2014, 2016a, 2016b, 2016c) has shown 
quite convincingly the circular reasoning involved 
in orbital tuning. In a series of papers, he pointed 
out the unaccounted for 80,000 year time shift in 
the methodology since the original publication of the 
“pacemaker paper” (Hayes, Imbrie, and Shackleton 
1976), invalidating the accepted Milankovitch 
explanation, and the very basis of orbital tuning. And 
yet, secular science ignores these “minor” changes 
and continues to tell tales of deep time, asserting 
that the newer ages are better, more accurate and 
synchronized (Kuiper et al. 2008).

Discussion and Alternative Explanations

The original interpretations for the melt rocks at 
Chicxulub varied from Cretaceous intrusive igneous 
features, like a laccolith (Peterson 1983), to volcanic 
activity (extrusive andesite) (Guzmán and Mina 
1953; López-Ramos 1975). Since 1991 however, the 

concept of a dinosaur-killing asteroid impact has 
become mainstream, based largely on a semi-circular 
gravity anomaly and to a lesser degree on magnetic 
data (Hildebrand et al. 1991). The formerly igneous 
and/or volcanic rocks penetrated by several wells 
have now become accepted as impact melts.

Although a gravity anomaly has been used to 
justify the impact, gravity data are extremely 
ambiguous and can have multiple solutions. Nearly 
unlimited combinations of densities can be combined 
to achieve the same net result (Telford, Geldart, and 
Sheriff 1990). Nonetheless, the circular nature of the 
gravity anomaly at Chicxulub has been used to model 
a large central impact crater about 170 km diameter 
with multi-ring faults extending out nearly 300 km 
from the center (Sharpton et al. 1993). 

Most of the papers discussing the Chicxulub 
site only discuss the gravity data at the so-called 
crater site. The larger gravity high to the northwest 
is generally not discussed. It seems incredulous 
that the more significant gravity high (Figs. 2, 4) 
immediately to the northwest of the crater site has 
been systematically ignored, other than to use it as 
a reason for the incomplete, circular nature of the 
Chicxulub anomaly (Sharpton et al. 1993). The high 
gravity signal observed over this northwest feature 
implies that a basement uplift of some sort exists 
under this area, trending northwest-southeast (Fig. 
4). And yet, the smaller gravity high at the center 
of the Chicxulub site, while on trend with the larger 
anomaly to the northwest, is claimed to be produced 
solely from an impact. If an impact is responsible 
for the smaller gravity high at Chicxulub, what 
mechanism produced the larger anomaly? A second 
impact? It seems far more likely that both were 
products of the same geologic activity as both are on 
trend with one another. Since the larger anomaly is 
not circular-shaped, it is less likely it was produced by 
an impact. Similarly, the central Chicxulub anomaly 
could just as easily be the result of basement uplift 
like the anomaly to the northwest (fig. 4).

Geologic proof often comes through the drilling 
of wells. And the last well drilled at the Chicxulub 
site, M0077A, bottomed out in over 500 m of felsic 
basement. It’s likely this well drilled into the flank 
of a faulted basement high, verifying, not a peak ring 
as claimed, but the presence of a basement-cored 
(granite) uplift northwest of Chicxulub. Seismic data 
collected across this basement trend show a reverse 
fault on the west side in support of a block-faulted 
interpretation (fig. 5).

Near point source gravity highs (positive above 
residual) are often surrounded by a correspondingly 
circular low, called a halo (negative below residual), 
similar to other types of wave data (Telford, Geldart, 
and Sheriff 1990). Therefore, a small, high density 
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basement uplift (gravity high), roughly circular 
in nature, would produce a surrounding, roughly 
circular low trough (gravity low). The Chicxulub 
gravity anomaly could then be explained by the 
coincidence of two structural features, one shallow 
and one deep, and by the wave-like nature of gravity 
data, producing both the observable highs and lows.  
It is possible that the overlap of the southern part 
of the shallow Tertiary (Paleogene) basin identified 
by Christeson et al. (2001) with the southern end of 
the deeper, northwest-southeast-trending basement 
uplift system could produce the observed semi-
circular-shaped anomaly (fig. 2). In this scenario, 
the central basement uplift provides the deeper high 
gravity signal, while the surrounding low gravity 
halo and the shallower, Tertiary basin create the 
semi- circular low. The overlapping nature of shallow 
and deep features, similar to coincident heel prints, 
are simply added to produce the anomaly. The 
deeper structural trend was further confirmed by the 
M0077A well where over 500 m of granite was found 
at the bottom of the borehole. This well did not drill 
into the “peak ring” as claimed, but merely elevated 
basement rock (figs. 4 and 5).

And it is equally incredulous that the shallow 
Tertiary basin which extends to the north, beyond 
the Chicxulub site has also been largely ignored. 
Christeson et al. (2001) identified a shallow low-
velocity sedimentary basin, filled with Tertiary 
(Paleogene) sediment, that trends northeast-
southwest across the Chicxulub site and extends 
about 100 km northwest beyond the presumed 
impact location. They also noted that the steep 
edge of the basin correlates with the steep gravity 
gradient in some areas near the Chicxulub site 
(Christeson et al. 2001). Basin bounding faults and 
the claimed ring faults are identical in their nature 
and difficult to differentiate as both are normal faults 
with the hanging wall down. Either type of structure 
could be interpreted to create the basin and/or the 
crater. It is possible that the claimed ring faults 
that extend out 150 km (300 km diameter) from the 
center of the “crater” (Morgan et al. 1997) are just 
normal faults associated with this shallow basin.  
Unfortunately, most studies merely claim these are 
ring faults because they only concentrate on the 
southern part of the Tertiary basin, the section that 
overlaps the presumed impact crater. Because this 
shallow faulted basin extends well beyond the crater 
site, it is likely that basin-bounding faults continue 
northward also and that the “ring faults” are just a 
part of this Tertiary basin development. The gravity 
“low” associated with the outer part of the crater and 
the gravity “low” for the Tertiary basin to the north 
are nearly identical (fig. 2). The crater cannot be 
examined without the basin and vice versa.

In addition, the semi-circular pattern of cenotes 
(collapsed caves) and sinkholes identified by Connors 
et al. (1996) coincides quite nicely with the outer edge 
of the shallow Tertiary basin across the Yucatán 
Peninsula, as previously identified by Morgan et al. 
(1997). Basin-bounding normal faults that define the 
outer edge of the shallow structure would naturally 
serve as conduits for increased ground water flow. 
Indeed, it should be expected that fluid flow along 
shallow faults would cause more dissolution of 
carbonate rock and create a pattern of sinkholes and 
cenotes that reflect the fault trace. Therefore, the 
pattern of sinkholes and cenotes are not necessarily 
evidence of an impact. They only reflect a pattern of 
concentrated and increased fluid flow.

Finally, it is interesting to note that the rocks 
penetrated by the Yax-1 well were discovered to 
have experienced extensive hydrothermal alteration. 
Zürcher and Kring (2004) have proposed a massive 
melt source must exist to explain the degree of 
hydrothermal alteration observed. But where is 
the melt source they postulated? Melt is considered 
proportional to the size and velocity of the impact 
(Melosh 1989). Chicxulub should have produced 
lots of melt (Morgan et al. 2016). However, the well 
data tell a different story. The wells drilled into the 
Chicxulub structure only found limited amounts of 
melt-rich rock, or none at all, leaving the postulated 
massive melt-rich zone still missing. Hydrothermal 
alteration is not commonly associated nor reported 
with impact melts as they are likely produced too 
rapidly. It seems more likely that the hydrothermal 
alteration in the Yax-1 well was the result of intrusive 
igneous activity and not from an undiscovered 
massive impact melt. In contrast, superheated 
ground waters are commonly produced above and 
ahead of an intrusive magma body. 

What about the large clastic megabed that has 
been found to contain glass, tektites and shocked 
quartz and is spread across the Gulf of Mexico 
region? The global Flood offers an alternative 
explanation. Vast deposits, sometimes called blanket 
sands, are fairly common in the geologic record and 
can be explained by the activity of the great Flood 
(Snelling 2009). And in particular, a basal Paleogene 
(Lowermost Tejas sequence) sandstone complex 
covers much of the Gulf of Mexico (fig. 6). Part of this 
basal sand includes the deep water “whopper sand” 
discussed by Clarey (2015) and is commonly referred 
to as the Lower Wilcox sand. Based on the extent of 
this blanket sand deposit, it should be no surprise 
that there are common components to the deposits at 
or near the K-Pg boundary.  The great Flood would 
naturally spread the same minerals within the same 
sand layers across large regions as documented by 
Snelling (2009). There was sufficient Late Cretaceous 
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and Paleogene volcanic activity in the subduction 
zone along western Mexico, and across Cuba and 
much of the Caribbean (Jamaica, Hispaniola, Puerto 
Rico, and the Dutch West Indies) to easily provide a 
source for the glassy spherules so commonly claimed 
to be exclusively from the Chicxulub event (Martini 
et al. 2009; Pardo 2009).

What is the Chicxulub feature? If it was an 
impact, it seems to have been much smaller and 
less significant than generally assumed (Paquay et 
al. 2008). Although the data are not conclusive, a 
case can also be made that there was no impact at 
the Chicxulub site. Everything can be reasonably 
explained by volcanic/intrusive activity and the 
overlap of shallow and deep structural features. In 
addition, the intrusive body itself may be circular in 
shape, like a laccolith, further enhancing the circular 
nature of the gravity signal.

Conclusions

The Chicxulub impact has become the iconic tale 
that is readily accepted by most of secular science 
to explain a so-called major extinction event 
that included the dinosaurs. They need a story 
to explain these events in earth’s past primarily 
because they have no other recourse.  Secular 
science categorically rejects earth history as 
described in the Bible, including the reality of the 
global Flood. In order to explain the disappearance 
of the dinosaurs and other creatures, they uphold 
the Chicxulub impact as one of the principle factors 
in their tale. Yet, the evidence for the impact at 
the Chicxulub site is not as compelling as claimed 
or generally assumed. Consensus science cannot 
justify the impact. 

Some of the diagnostic criteria for identifying 
an impact have been found at the Chicxulub site, 

Fig. 6. Basal (lowermost) Tejas sequence lithology map of the Gulf of Mexico region, showing the extent of the 
“blanket sand” across most of the region (colored yellow). Circles shown represent locations of stratigraphic columns 
derived from borehole data, selected seismic data and/or outcrops. The basal Tejas across the Yucatán peninsula is 
colored blue (carbonate-rich) assuming the breccia and melt-rich rocks at Chicxulub are latest Cretaceous deposits 
(upper Zuni sequence), which may not necessarily be the case. These deposits could just as easily be correlated with 
the basal Tejas sand across the Gulf of Mexico, which includes the Whopper Sand (Clarey 2015). Figure prepared 
by Davis J. Werner.
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including the identification of shock-metamorphism 
and chemical signatures like iridium, shatter 
cones, PDFs, and high pressure minerals and 
glasses (French and Koeberl 2010). But, even these 
high pressure shock-metamorphism conditions 
and altered minerals can be caused by other 
circumstances, including rapid crystallization and 
volcanic activity. The questions about the timing 
of the impact, the thinner than expected melt-rich 
layer, the lack of any substantial iridium, the less 
than expected high pressure minerals, the lack of 
PST present in the cores, the relatively undisturbed 
Cretaceous sediments beneath the melt-rich lenses 
and the ambiguous nature of the gravity anomaly 
all raise concerns about the Chicxulub Crater, and 
ultimately, the asteroid extinction theory. The 
“burden of proof” has still not been met. 

An impact may have occurred at the Chicxulub 
site during the Flood, but if so, it seems to have been 
smaller than commonly envisioned, creating merely 
a fraction of the postulated effects. And it is entirely 
possible there was never an impact at Chicxulub. And 
the latest research indicates that even the tsunami 
evidence claimed to exist around the Gulf of Mexico 
seems unlikely to be from the impact. All of the data 
have alternative explanations, including the shocked 
quartz, melt rocks, hydrothermal activity, and the 
structural and geophysical data. Unfortunately, 
without the discovery of meteorites, or traces thereof 
(French and Koeberl 2010), the data will likely 
remain inconclusive.

Several creation scientists have called on a shower 
of possibly 1000s of asteroids to have hit the earth 
during Creation Week (Spencer 2015) or at the onset of 
the Flood event (Oard 2014) or both. But the physical 
and geologic evidence for most of these impacts is 
lacking. As scientists, we must be careful to not invoke 
mechanisms without the support of sufficient data. 
Admittedly, some impacts likely occurred as part of 
the one-year global Flood. However, creation scientists 
do not think these caused any true extinctions as God 
protected Noah and the animals on the Ark, even from 
extraterrestrial impacts. But, because secularists 
ignore the evidence of a global Flood, they will continue 
to create stories and debate the causes of the K-Pg 
extinction for many years to come.
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