Volcanic stratigraphy of a high-altitude
Mammuthus columbi excavated in a paleo-ravine
on the northern slopes of the Sierra
Chichinautzin, Central México

Marie-Noélle Guilbaud, Lilia Arana,

Claus Siebe

Departamento de Vulcanologia,
Instituto de Geofisica, UNAM

Luis Barba-Pingarron, Agustin Ortiz
Butron
Laboratorio de Prospeccion Arqueoldgica,

Instituto de Investigaciones Antropoldgicas,
UNAM

Funded by UNAM-DGAPA IN-109412-3 and RR182312-2, and CONACyT 167231 and 152294 granted to CS and MNG



Mammoth sites around Mexico Basin

GULF

OF
MEXICO

Zumpango
lake

19°30'N|

19°00'N

Nevado de Toluca
(4680 m)

SCVF

P Kilometers 5‘0

/

A A
A A

Chichinautzin

Texcoco
~ lake

A

Teotihuacan

Santa Isabel Iztapan A

S Tocuila

Texcoco

LEGEND

‘A Archaelogical site

Paleolake surface

Strato-volcano
Scoria cone
Lake

Mammoth site

Mexico City
metropolitan area

City

Tlacotenco
Mammoth
site

Popocatépet!
(5454 m)

CUAUTLA

PUEBLA

CHOLULA
e

me

VALSEQUILLO

Discoveries of
Mammoth bones
common around

Mexico Basin

Yet this discovery
is the first one yet
made on the
steep, elevated
slopes of the SCVF
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<1 Ma, >10
eruptions in last
14 kyrs. Proximal
tephra deposits
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The discovery site

60% of entire
skeleton of
Mammuthus
columbia found in
40 m? excavation
site on side of
terraced cornfield.

- | Site located on the
side of a ravine
filled with water
after torrential
summer rains

Ash deposit not
primary but
reworked;
Indurated ashy
paleosol




The “mammoth ash”

<10% altered pumices with Hbl+Plag+Cpx pheno (p)

T
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Clots of pumices ©
in soil /')

Ca. 60% ol-bearing scoria:
Vesicular (Sideromelane) + denser
(Tachylite)




Tlacotenco Mammoth excavation site
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Cumulative grain size distribution of Tlacotenco mammoth deposit
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Grain size analyses: indicator of type of lahar that buried skeleton.



Surrounding sites: Stratigraphic markers

Tutti-Frutti pumice fallout with underlying grey

pumice horizon: products of V. Popocatepetl Greenish ash: Previous unreported
dated at 14,100 yBP distinct pale ash fallout dated here at
ca. 18,000 yBP, unknown origin



Stratigraphic correlation of tephra deposits in the Tlacotenco area

21 P b c 13
‘; o,
O’ JEcAR
: 31,790 yr BP
BS s ;
SM
B e .
16,670 yr BP
08
. 19

§0Ch

12 11(1)
' 3,150 yr BP
e

5.BS

GU: Guespalapa
CA: Cerro del Agua
TF: Tutti-Frutti

DC: Dos Cerros
SM: San Miguel
GA: Greenish ash
TE: Teuhtli ash
BS: Old basaltic shield
Xi:  Xistune

26,065 yr BP

18,530 yr BP

01

[164

11(2) 22

Pumice-rich material
Charcoal fragments
E Massive ash

Cross-stratified ash

Old basaltic flow

Tutti-Frutti pumice

Stratified dark ash

Lava breccia

17




Composite stratigraphic section Tephrochronology

Recent reworking processes
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Bulk Rock Geochemistry (ICPMS and INAA on largest scoria fragments)
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Silicic centers: small compositional range but non ash producers
Basaltic to andesitic (<60% SiO,), mayor ash producers and wide compositional range not

resulting from simple fractionation processes (mantle source heterogenety and/or crystal
contamination involved)



La Mammoth ash @
40 | 6 o
. San Miguel
X
il _(cone tephra_
".7 /215 ZB
x % . A / iﬂ_ . 134
% " / ‘ @ s
. Jele M= 'o A
20 [ oy dg ® l\;_l'y/ ’5’(‘0‘ 4|
P o+ * 5 ¥
¢ - Tio
Ll g 2
10 2 . '
0.6 1.0 15 20
| I
| CaO o
9 ‘ ©)
8 | i, g o -
o= :
&
Ji 9“:2:29“;"\ |
e f & ?“}‘ﬂ\ v
") k™ |
% ok +
3*‘\ |n/ 7N
\1*:— ~ o
5 — —
1‘bf'b SiO,
4 | !
45 55 65

800 L} X 1 Ll
JRE ®
o * "
600 % ® -
*
“% A
#_ -7
- - {,':I*;c] -
-~ >
¥ oC A * /
(E*H * 'l(_z"
400 - o = w -
I e ‘\ﬂ. ®
19C .
B 1ﬁ . .'11D Al
e 18
o g S Sr
200 1 1 1
300 400 500 600 700 800
300 | Zr § @-
¥ -
72T
#
¥ /
\ 4
V4
6 ® B 3
/ O 7 u® 138 A& "
A l -F*: l ? A =
200 |- g% ¥ 1k 7y o |
‘ ** , / . A A
#x \4‘? H ﬂ’n 1B
A Y . Hec
Hk ..
“d
g Tio
100 T L 2
0.8 1.0 1.5 2.0

Same general pattern as for mayor elements but some volcanoes with distinct though
variable compositions in trace elements. Stratigraphy and age data remain alsolutely
necessary for determining sources. Some unknowns remain due to uncomplete record. San
Miguel best candidate for mammoth scoria.



Conclusions

Mammoth buried after its death in a ravine by reworked ash from
a lahar some time after 17,000 yrs BP (radiocarbon dating of a
paleosol underlying the animal) but prior to 14,100 yrs BP (TF
pumice above).

Grain-size distribution of reworked material points towards
mobilization by diluted flow of water and ash (stream-flow)
The ash in which most of bones were embedded is
compositionally similar to products of nearby San Miguel scoria
cone whose eruption also occurred close to 17,000 yrs BP.

This suggests that pluvial precipitations following eruption of
cone removed thick loose ash accumulated nearby, creating
water-rich lahars that eroded older pumice deposits and
deposited sediment load downstream, covering the mammoth
bones lying on the margin of the ravine.



Use of data for correlating with cores in Mexico

basin? Turning this into tool for
tephrochronology?

Microprobe work on volcanic glasses?

LA-ICPMS on single shards? Problems with
microlites, vesicularity etc

Improve stratigraphy, more radiocarbon ages

-> necessary for estimating recurrence intervals of
eruptions in this area

-> improve understanding on crustal-level
differentiation or contamination processes during
monogenetic eruptions in continental arcs



