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ARROYO EL MIMBRAL, MEXICO, K/T UNIT: ORIGIN AS DEBRIS 
FLOWtTURBIDITE, NOT A TSUNAMI DEPOSIT; Bruce F. Bohor and William J. 
Betterton, U. S. Geological Survey, MS 972, Box 25046, Denver, CO 80225 

Coarse, spherule-bearing, clastic units have been discovered at 10 marine sites that span the 
WT boundary in northeastern Mexico [I]. We examined one of the best exposed sites in Arroyo 
el Mimbral, northwest of Tampico [2]. The Mimbral outcrop displays a layered clastic unit up 
to 3 m thick enclosed by marly limestones of the Mendez (Latest Maastrichian) and Velasco 
(Earliest Danian) Formations. At its thickest point, this channelized clastic unit is comprised 
of 3 subunits: 1) a basal, poorly-sorted, ungraded calcareous spherule bed - 1 m thick 
containing relict impact glass and shocked mineral grains, 2) a massive set of laminated calcite- 
cemented sandstones up to 2 m thick with plant debris at its base, 3) capped by a thin (up to 20 
cm) set of rippled sandstone layers separated by silty mudstone drapes containing a small (921 
pglg) iridium anomaly 121. This tripartite clastic unit is conformably overlain by marls of the 
Velasco Formation. We also visited the La Lajilla site east of Ciudad Victoria [I]; its 
stratigraphy is similar to Mimbral's, but its clastic beds are thinner and less extensive laterally. 

The Mimbral clastic unit has been interpreted previously as being deposited by a megawave 
or tsunami produced by an asteroid impact on nearby Yucatan (Chicxulub crater) [1,2]. 
However, a presumed 400-m paleodepth of water at the Mimbral site [2], channeling of the 
spherule subunit into the underlying Mendez Formation marls, and the overtopping of the basal, 
spherule-bearing subunit (1) by the laminated sandstone subunit (2), all suggest a combined 
debris flowlturbidite origin for this clastic unit similar to that proposed for Upper Pleistocene 
sandlsilt beds occurring elsewhere in the Gulf of Mexico 131. In this latter model, the sediment 
source region for the clastic unit is the lower continental shelf and slope escarpment. For the 
WT unit at Mimbral, we propose that thick ejecta blanket deposits composed mostly of spherules 
were rapidly loaded onto the lower shelf and slope from an impact-generated ejecta curtain. 
After deposition a debris flow was initiated, either by a megawave (tsunami) or earthquake 
shocks caused by impact, or by the inherent instability of this thick ejecta deposit on the slope 
escarpment. This mass of spherules and associated local shelf sands plunged down the slope and 
out onto the basin floor in a channelized debris flow. In this scenario, larger and heavier 
spherules formed the base of the flow that cut and filled the channel, while smaller and lighter 
siliclastic grains from co-transported sands formed the upper turbiditic part of the flow. These 
turbidite sands formed lobate, laminated, graded beds that overrode the confines of the channel 
itself as the flow subsided. The uppermost rippled and clay-draped subunit (3) formed from the 
settling of fine clastic components on top of the flow-laminated sands, contemporaneous with 
the arrival of the last of the fine-grained vapor cloud components (Ir-rich fireball layer). Thus, 
this clastic unit appears to have been deposited from a debris flowlturbidite, and not directly 
from a giant impact-generated wave. 

Smit et al. [2] state that oversteepening and overturning of the channel rims at the base of 
this clastic unit are due to "escape" of unconsolidated Mendez marls and that the base of the 
spherule bed roughly follows the bedding of the underlying deformed marl, both features 
indicating a lack of an angular unconformity at the top of the Mendez. However, we interpret 
the oversteepened channel rims and the bedding in the underlying deformed marls paralleling 
the base of the spherule bed as soft sediment deformation features due to loading; the deformed 
bedding in the top of the Mendez beneath the channel probably does not represent primary 
bedding. Moreover, we and others [2] further noted that the spherule bed contains interclasts 
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of limestone and Mendez marl at its base; we consider these rip-up clasts further evidence of 
channel cutting. For these reasons, we suggest that the clastic unit at the Mendez-Velasco 
boundary rests on a disconformity formed by scouring at the base of a channelized debris flow, 
and not the angular unconformity of Hay [4]. 

Spherule shapes and sizes at Mimbral are similar to those at Haiti. However, being a 
redeposited bed, these Mexican spherules are set in a matrix of secondary calcite, rather than 
the original matrix of fine-grained impact glass altered to palagonite as found at Haiti. At 
Mimbral, the glass matrix was winnowed out during aqueous transport. Most Mimbral spherules 
consist of hollow clay (chlorite-smectite) shells, but some contain relict cores of impact glass. 
Some of the smaller shells consist of a dark green inner rim of chlorite, surrounded by an outer, 
lighter-colored rim of chlorite-smectite altered from a palagonite precursor. Many relict glass 
cores and fragments are encased in sparry calcite, indicating that their palagonite (or hydrated 
glass) rims were abraded away during transport in the debris flow. The impact glasses at 
Mimbral are mostly dark brown (black), but some are dark green mixed with amber, light green 
and, rarely, yellow. Preliminary analyses of the black and yellow glasses (Table 1) show a close 
correspondence with the compositions of Haitian impact glasses of similar colors [5]. However, 
the light green and dark green glasses from Mimbral have no analogs among the Haitian glasses. 
Smit et al. [2] designate these light green glasses as K-rich, but our analyses specifically show 
low K, Ca and Mg for this class compared to dark brown glasses, along with a strikingly-low 
value for total oxides (Table 1); the latter probably indicates high water content. The dark green 
glasses are commonly altered to chlorite on weathered surfaces. We also separated a few relict 
glass fragments from the spherule bed at La LajiUa, although none have been reported from here 
before [6] .  These glass fragments were dark brown and light green, with semi-quantitative 
analyses similar to Mimbral glasses of these colors. Acknowledgements. We thank Billy Glass 
for providing the Mimbral glass analyses, and Gene Foord for the X-ray diffraction studies. 
Work partially supported by NASA Grant T-5715 to BFB. 
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TABLE 1. COMPARISON OF MIMBRAL AND HAITI RELICT GLASS ANALYSES 

Mimbral, Mexico Relict Glasses Beloc, Haiti Glasses 
Dk. Bm. Yellow Dk. Gm. Lt. Gm. K-rich[2] Dk. Bm.[5] Yellow[7] 

SiO, 
A1203 
FeO 

MgO 
CaO 
K2O 
N%O 
TiO, 
M u 0  
Total 
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