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Introduction: Microtektite- (“spherule”-) bearing 
proximal Chicxulub ejecta deposits from K-T sites in 
NE Mexico and Brazos, Texas, are a valuable tool to 
constrain original target lithologies at the Yucatán im-
pact site, particular since the NE Gulf of Mexico region 
probably received ejecta from the northwestern, not yet 
drilled crater sector [1,2]. In addition, petrological char-
acteristics of the ejecta may allow detailing ejection and 
dispersion processes [3].

Locations: The 0.2-1 m thick spherule deposits in NE 
Mexico are either embedded within upper Maastrichtian 
marls, often by soft-sediment deformation, or, more com-
monly, are present at the base of a multiple-debris flow 
sand-siltstone deposit, at, or close to, the K-T boundary 
[2]. At Brazos, Texas, a 20-cm thick graded spherule 
deposit, topped by cm-thick micritic limestone with thin 
interbedded sands, overlies upper Maastrichtian shales 
and underlies shales with very low fossil content and 
unclear age assignation, which in turn are overlain by 
early Danian calcareous shales.

Material and methods: Ejecta from the La Sierrita 
(LAS), El Peñon (EPO), and El Mimbral (MIM) outcrops 
in NE Mexico, and from a core (BRA) drilled close to 
the Brazos River K-T site in Texas, have been investi-
gated by back-scattered electron (BSE) imaging, electron 
microprobe (EMP) analyses, cathodoluminiscence, and 
magnetic susceptibility. 

Petrological characteristics: Spherule deposits in 
Mexico and Texas comprise a chaotic, microbreccia-like 
fabric with a diverse suite of well preserved ejecta com-

ponents, usually mm-cm in size: vesiculated, globular 
spherules, angular to ribbon-like (ejecta-) fragments, 
carbonate clasts and globules, and 0.2-2 mm sized car-
bonaceous “lapilli” grains with accretionary features [3]. 
Ejecta components in NE Mexico also show welding and 
amalgamation, and often enclose other components, re-
sulting in a foam-like texture. Additionally, ejecta particles 
are made of multiple compositional phases (Fig. 1) with 
textures indicative of either silicate-silicate or carbonate-
silicate “liquid immiscibility”, and/or quenching from a 
melt (e.g., ʻfeathery calciteʼ) [3].

Mineralogical and geochemical phases: Silicic 
ejecta phases from NE Mexico show a considerable 
compositional variability, though several “batches” can 
be distinguished that occur as distinct phases, even within 
individual ejecta particles (Table 1, Figs. 1, 2): (i) a FeO- 
(22-30 wt%), MgO- (8-14 wt%) rich phase with ~24-32 
wt% SiO2, altered to dioctahedral chlorite, (ii) a FeO- (15-
24 wt%), MgO- (10-18 wt%) rich phase with ~32-42 wt% 
SiO2, altered to di,trioctahedral chlorite, (iii) a K2O- (5-8 
wt%) and Al2O3- (~30 wt%) rich hydrated glass with ~50 
wt% SiO2. Besides in the latter K-rich phase, alkalis are 
generally <1 wt%. EMP analysis reveals that quenched 
carbonates are enriched in Fe and Mg (up to 1 wt%), they 
show also dark red-brown luminescence, in contrast to the 
bright luminescence colors of the carbonaceous matrix. 
Within spherules, hematite and goethite crystals, altered K-
feldspar and pyroxene, dendritic or lamellar Ti-Fe oxides, 
and µm-sized, Co-, Ni-rich metallic and sulfidic phases 
are present. The magnetic susceptibility of the ejecta is 
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Figure 1. BSE photo and EMP linescan of a spherule from El Mimbral, illustrating the coexistence of different 
compositional phases (carbonate, chlorite, K-Al-rich glass). It also reveals petrologic characteristics related to the “liquid 
immiscibility” of ejecta phases (“tektite in tektite” texture), for instance carbonate veining, curved concave-convex 
menisci with sharp boundaries, or the distinct massive, “marble-like” texture of the carbonate inside the spherule.
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elevated compared to the enclosing marls, and correlates 
with the iron content. Ejecta components from Texas are 
thoroughly altered and replaced by authigenetic high-Mg 
smectite (SiO2 ~60 wt%, 20 wt% Al2O3, 5 wt% MgO, 
alkalis <1wt%), and (rare) chlorite, which is similar in 
composition to (i) outlined above. Some spherules are 
also replaced by pyrite framboids.

Conclusions: Morphologically and compositionally 
similar microtektites have been found in K-T sites from 
the Western Interior to Central America, the Pacific, and 
the Atlantic. However, in contrast to the ejecta found in 
these K-T sites, which has been related to andesitic target 
rocks in Yucatán, the ejecta in NE Mexico and Texas 
is unusually heterogeneous in composition and, in NE 
Mexico, of prevalent mafic character. This may suggest 
highly localized ejecta compositions, incomplete mixing 
of target rocks, and different precursor lithologies includ-
ing mafic rocks [e.g., amphibolite, 1], and rocks with 
substantial K and Al contents, albeit possible blending 
of melts from different rocks and/or fractionation effects 
make a clear evaluation difficult. Rare amphibolite frag-
ments, and mafic rocks have been observed from within 
the Chicxulub crater [1,5,6], yet microkrystites and mi-
crospherules of mafic (pyroxene, K-feldspar), as well as 
of andesitic composition are a common constituent of the 
basal K-T boundary clay [e.g., in the Tethyan, 6,7]. Hence, 
our results may suggest the complex (local) interaction of 
proximal-distal ejection processes and, also, the findings 
of K-rich ejecta may constrain possible precursor phases 

which acted as sources (?) to the intense alkali metaso-
matism in the Chicxulub crater breccia [8]. 
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Figure 2. Oxide-correlation diagrams for Chicxulub ejecta from NE Mexico with results from individual EMP analyses 
(n = 3500, totals >80 wt%). Note the wide ranges in element abundance with several distinct compositional batches.

MIM EPO LAS BRA1 BRA2
[# of cations per half structural unit cell]

Si 3.69 2.74 2.82 3.43 3.93
Al(IV) 0.31 1.26 1.18 0.57 0.07

Σ (Tetrahed.) 4.00 4.00 4.00 4.00 4.00
Al(VI) 1.68 1.32 1.31 1.65 1.66

Fe 1.39 2.96 3.53 2.00 0.04
Mg 1.93 1.64 0.89 1.73 0.41
Ti 0.14 0.01 0.04 0.03 0.02

Σ (Octahed.) 5.15 5.93 5.77 5.41 2.12
Ca 0.06 0.03 0.13 0.01 0.01
K 0.09 0.01 0.04 0.03 0.08

Σ (Interlayer) 0.15 0.04 0.16 0.04 0.10
Fe/(Fe+Mg) 0.42 0.64 0.80 0.54 0.09

Table 1: Mineralogical formulae calculated stoichiometri-
cally from representative EMP analyses of ejecta particles. 
Analysis MIM correspond to di,trioctahedral chlorites; 
EPO, LAS, and BRA1 reflect trioctahedral chlorites (all 
on basis of O10(OH)8); whereas BRA2 corresponds to 
Mg-rich smectites (on basis of O10(OH)2). 
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