. SCIENTiFIC SEARCH FOR SHAFT-TOMBS
MAGDALENA LAKE BASIN, JALISCO MEXICO
January 7 to February 5, 1971
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and Beth Ralph) & :
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Introduction |

‘;r;fﬁﬁf - shaft tombs, which date from 100 B.C. to A.D. 200
: T 3 e |
(refs 1w 8) have been found at many sites around the porimoter

Ll of the preaent dry bed of Lake Magdalena. (The lake was drained /

for agricultural purposes about 60 years ago). Tﬁo tombs con=

!
\

tain'large figurines that are‘readily salable,'aﬁd have,

“H;.therefore, been subjected to intensive clandestlne digglng

§ .
- Not one, however, has ever been found by an archaeologist, nor
|

excavated properly For this reason Dr Betty Bell asked ‘mem=_
f.bers of the Museum Appliod Science Center for Archaeology
fi(MASCA) to come to the sites with geophysical prospecting

' instrdments with the hope that the sﬁaft—tombs could be found
h 4 |

by scientific meano. Three teohniqueSIWere employed - namely,
aerial photography, magoetic prospeotihg, and seismic detection.
‘Members of the expedition were: T3 ?‘

n!oRepresenting the Departmant of Antiquitles, Mexmco*

- DI, Betty Bell, Archaeologist, now regident 1in
A,]ij io, Jaliaco, Mexico. [

Dr. William Winnie g2 Beli's husband),
Professor of Economics, University of Guadalajara




Representing the Univefeity Museum:

| Dr. Froelich Ralney, Director, Un1ve151ty Museum
: i : and of MASCA.
‘Mr, Hugh R; Sharpy Jieu ¢ g ;.u : %1 _ha
" ”.Mr' W. Sam Carpentet, .III Vice-Chairman, Board of

. Managers, Unlversity Mdseum

CMe, Harry Mayne, Vice Plesident for Technical Services, f:
5 Petty Geophysical Engineerlng Company, ST
- San Antonio, Texas.

lMiss Elizabeth K. Ralph, Asabciate,Director ef MAQCA,'. it
Mr{aBruce Bevan,.Reseerch Assistant in MASCA :
: ot ‘ ‘ ;
f
.
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¥ Aerial Photography

o

On the first day of WOrk, approximately 200 obllque

| aeraal photographs were taken of the southwest section of
Magdalena Basin, About 40 of ;hese cover the primary site,
El Arenal, and the area'nearby; the rest are scattered over a‘-
larger atsd 6F the Basin. 4

These photos have been mostlUSeful-in the geelogical

anelyeis of the area, erimarily in locating rock cﬁtcrops'and

. cinder cones,v&ﬂaﬁ{are difficult to detect on_thelground.

|
: : . ;
Several locations have been found which have about the same .

- geology and geograahy as known tomb sites. IThe ttmba are located
in "tepetate", a volcanic ash-cinder layer. Hear the former
lake shore Because of extensiVe dlgging by pothunters, photo~

'graphs of known sites are too confused for any possible location L

i

f

i of any remaining shaft tombs in the dry season.

These photographa were taken from a plane very klndly




_ ‘ i .
.. furnished and flown by Hugh Sharp. (Another plane kindly offered

by Sam Carpenter was not used on this expedition.)

All aer1a1 photographs were taken between the hours of
l

1 9:30 and 11 100 A M on 8 January 1971. Scattered clouds were

present but haze was Low and ground lllumination was bright

¥

E and unshaded Y 1 ’f'ﬁ'&: -'ﬂfﬁ 351; _i‘”ﬂ
£ A Haaeelblad SODC camera was used with 2- 1/4 inch negatives

| - Other sPeoificatlons are as follows
/ |2 pianiBe ¥

KH:SO mm focal length lene
'j};1/250 second shutter speed

‘T”f ho filters
f_plus -X panchromatlc film :
_10 rolls taken At 12 frames/rolll
| Additional photographs were taken by Bill Winnie with
i two Kodak Retina Reflex cameras,.one with Kodochrome I1 color

2 film and one with plue X black and white, both 35 mm .,

Because of the pressurieation system of the airplane, all
lﬂf,photos were obllque shots through the double plastic windows. 0
‘;Flight f elevation labove ground was about 400 meters and the__ _“%gg
slant range to the center of the photo scenes averages about

'ﬁi'one kilometer Therefore the ground width of eaoh photo,

while quite varlable, averages about 700 metera._

e Ten prints of the Hasselblao photos are included with

‘_thie‘report (Figs. 1-10)Q The looations_of-some of the sites

' end_featUree seen in the photos are shown in Fig. 11,




'Prospecting Ins truments €= {" *Tf__ PRI ol .

Msgnetometers :
: ‘ :

Experiments were conducted with three magnetometers - the

'ueVarien Assoc1etes PrEClSan Portable Cesium Megnetometer Model

L
& 4920 and the more portable Cesium Megnetometer with Audio

& | '
" Readout Model V- 4971 The third was the Sohonstedt Portable

~4\_F1ux~Gate Grediometer Model GMB-Z ' The Prec151onfModel 4920
; I

"©.. _has been described prev1ously (Rsiney and Relph 1966 Ralph

‘V“_'Morrison, snd 0 Brien, 1968) When used with two sensors in

l
the difference mode it has the capability of 0.05 gamma (v)

: sensit1vrty At the sites, however, it wes used with a single

. sensor for two reesons.‘ The many roeks o aaa just under the

J.'surface of the ground were found to be highly magnetie Thereu'ef
fore,xthe enomalies deteoted were muoh greater than the diurnal :;_
chenge in megnetie intensity so that a second sensor for the |
ftlcencellstion of these was not needed Also, El Arenal, the

.uifirst site, is pertially covered with scrub growth (see Fig 8)

80 thet 1t would have been extremely difficult to msnipulete

' the 100 -meter eeble 1eeding to the second sehsor in a fixed

% position The instrument in use is shown in Fig. 12. ‘The
.Model &920, set on e sen51t1uity renge of one gemms, ‘was used
. for meklng s11 of the grlds d” . o : _d L _ ot
L% The cesium magnetometer with eudio resdout Model v-4971 ﬂd
l(see Fig 13) employs the ssme type of sensor, but the readout -
is very much smeller snd gives an sudio signal One can walk




along repidly and 1isten.for a chenge in frequency. If'desired

T a readlng can be taken on an arbitrary ecale calibrated roughly

in units of two gammas by adJustlng the frequency of a veriable
. oscrlletor to thet of the Larmor frequency from the _Sensor.

The GMB~2 hae two flux-gate elemente spaced 20 cm apart -
,end in 11ne w1th one enother.- These are mounted on eleimple
;Aﬁshaft with the c1rcu1t box at the other end %5 there is a

‘difference in the magnetic field at the two flux gete elements, an

i-'_electrical signal proportional to this difference is generated

g amplified and converted to an eudio signel and fed to a set of

;cf=-eerphonee or a 51ng1e: squawker | The seneitivity oi this instru-

. ment is ebout 10 gemmes per 30 cm Both the GMB- 2 end the V—4971 |
were used for rapid exploration preliminery to end outside of the"
areas of the detailed grids._hH_hf_wfi‘7_i ,i. g g 0 77

Seism_greph

The seismogreph ueed was the Bison Instruments Signel

Enhancement Seismogreph Model 1570 % The eignel enhencement
feature of this portable instrument offers an improvement over ..h

other hammet: seiemogrephe including both the direct digital
f

,;itypes and the cethode rey displey types.‘ The prirciple of b

_*We are indebted to Axel M. Fritz, Jr., President, and to Bison

" Instruments, Inc. (Minneapolis, Minnesota) for the loan of this
seismograph and to Harry Mayne from the Petty Geophysical
Engineering Company, San Antonio, Texas for bringing it to :
Mexico and contributing his extensive experience in seismology e
during five deye of field work.l B i gt
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peration rests on the fact that 1n—phese signals will add

together to glve a large total signal whereas signals which

*ﬂ are randomly phased suoh as those from Selsmlc noise, will

‘]‘tend to- canoel each other ‘ The eelsmie slgnals from successive

i

.and stored within the eleotronlo memory of the inerument and

The instrument in use is shown in Flg 14

Surveys Completed
The sites investigeted are ehown on the map in Fig 11

1- 10).

‘l,and in Some of the aerial photographs (Figs The work

at eaoh is now described in more or less chronological sequence

1) El Arenal (see Fig 8 and for ‘the 1ocation of grlds,
: ‘ Fig 15)

A 100 -meter square grid (Grld No l,'Fig 16j was laid

“-out roughly centered over the height of land of the partlcular

fﬂ area whioh is pockmarked with many dlggers pits and contains'

;e'three shaft-tombs, the shafts of which are still open. (These

i_ are'indicated in Fig' 16 by wavy radial lines)'. In this and

Vlother grlds the baselines were laid out thh tape measures,

:ﬂfdfhf:'and starting with line 0, a rope callbrated at 2-meter intervals i
R e |

'was followed from one baseline to the other.:

!

The rope was moved every 10 meters so that

,‘“*7_‘at 2- meter intervals
| J,l

the man oarrying the sensor was never more than 4 meters away _

?;Qé,f~}ffrom it and wes usually able to see the station markers on the

" .\ . ; ; [&

 hammer 1mpacts at any 1nd1vidual hammer station are added together‘ﬁ

fall under two headings - namely, veloclty and depth determinations.\

.Readings were’ taken -

.'l_l

PR
4.




rope easily. . % | Ty ‘n W e i

It was'soon apparent that most of the rocks'in this area"p

.are extremely magnetlc and that these were the cause of most of

-‘the anomalies deteeted In Grid No 1 (Fig. 16) we noted that \l;

" a magnetie anomaly corresponded with only one of the empty

e shafts - the one centered on lines 86 and 88 Also, in the

1l

b regions of many small pltS and of many rocks, we had pronounced ”

magnetic dlsturbances that 1ndicated nothing One.of the most i

promlslng anomalies, in an area without pits and many stones, |

-appeared to be the one between lines 60 and 62 in the north-
Xy western edge of the grid. A magnetometer survey was repeated

over this at l/2 - meter intervals and w1th lower (1/2 meter)

the location of the test pit which intersects the horseshoe- E
i shaped anomaly. A trench l x 3 meters (Pit 3) was laid out to
‘test thls_anomaly, and a 1ayer of very large magnetic stones
- was fonnd‘at.ca 30~ 40 cm. over the entire surface of the

ftrench Inasmuch as stones of thls klnd sometimes are found

gensor height. Thls is shown in Fig 17, Whlch also illustrates'

over the mouth of a shaft they were removed and the excavation I

' continued A hard clay was found at 50- 60 cm. , with tepetate (s
pp. 22 ff. fqr explanation of tepetate) below 1t'. At one end

. of the trench, however, there was an area of loose soil whleh

ee

3

1 was excavated further, but 1t was. Underlain by tepetate at about N“-

-BD_cm.. The opposite end of the trenoh was then extended about
S8 metet and 1t was_found that the stTnes appeared to continue

f




“'” for some distance, thus indleatlng thaL they formed parL oE what

L - is known loeally as the Eedregal - a layer of ]arge stones Wthh

is said to underlle the 5011 over muoh of the area. EThlS test 1
‘hg-excavatlon and the stones (after removal) are shown in Fig. 18.
- Two projecﬁiie points; one of black obsidian and oneﬁof green,

;-.were found just under the surface, with a scattering of sherds

*. « down to the tepetate (Before exeavation a seismle line run

| '.over the anomaly had 1nd1oated nothing unusua])

Grid No. 2 (see Flgs._IS and 19) was made in a lower :

g region between two ridges as a control in an area where there .“'l
f‘-are not pits and not llkely to be tombs.: We see that it 1s g

1 5
more quiet but that 1t contalns one pronounced magnetic anomaly

.:'kg(line 96) assoeiated with a 1arge surface.roeklab;ut 0.6 meter "tiq
. in diameter.l | -‘ _. = Zuigh j";' . ‘ ‘ I
| | Grid No. 3 (Fig:IZD) was‘theniiaidfouthover thelnext
i high land to the westfi The southern part of Grid‘No 3 is also‘l

.;quiet, but:we eetectedla signifieant disturbance’ in running line 0.

! k-

o Therefore,‘we extended Grid No¢ 3 to the north as far as the

s stone walls (see Figs. 8 and 15) Centered on line 10 of the

thﬁ extension, we did find a tremendous magnetic disturbance with a,l

.- strong magnetic high to‘the north and'an anti-magnetie 1ow'to'the
Hsouth - an anomaly typically dLE to maLerials which contain a

large amount of remanent magnetization Also other pronounced

- anomalies were deteeted nearby as Well ‘as fairly closely spaced

W%-.long contours o£ changes in m38n9ti° 1nten51ty Over’ the large

anomaiy of line 10, the survey was repeated w1th a higher sensor an




: 9

helght - namely, 3 meters (see Fig. 21). The sig?ificent

deoreese in maxlmum end minimum values Lndlceted that the source

of the anomaly was not very deep Fortunately, Hsrry Mayne

K

; arrived with the seismograph at this time. |

‘Seismic Tests

| It was known from the clandestine digglng and as told tollﬁf
us by our capable workmen, diggers themselves, thst in this erea,l‘
-there is normally a layer of soil one to two meters thlck and

; thst thlS is underlein by tepetete to a depth of et least, 17

meters, the depth of the deepest known shaft tomb This stra-

i tigraphy is shown more elearly in Fig 22

In order to find out about the velocities of these
”‘.materisls for sound weves, a 1ong llne was leid out away from
lpit ereas, roughly along 1ine 100 of Grid No 2 A Readlngs tsken.;
first at 1 meter,‘then st Z-meter lntervals are plotted in |
'Flg- 23. It was found thet in thls 1ine the veloclty of the

s soil was 580 m/sec. and of the tepetste, 720 m/sec , and that
i,lunderlying the 1atter was bedrook with a velocity of 2075 m/SEC
-Depth (Dl) of the transition from soil to tepetste is calculated

‘rl‘with the formula'

' -where the slopes of the two lines glve the velocities Vi and
vy and X is found from the intersection distance ot the two

-”lllines- It ls assumed that both 1syers sre horizontsl In this

‘ x ok ' A i
S St R T S T3
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'case Di = 3.6 meters; The depth of the second change, from

tepetate to bedrock can be estlmated wiLh the formula: s AN

and it is found thaL D2 = 19 2.meters.i.This value cortesponds
o roughly w1th the maximum known depthlof the shaft- tombs and ‘
h;'fprobably explains why they were dug no deeper |
2 In subsequent tests, 1t was found that there'Weie small.
variaticns in the tepetate ”For example; a 1ine run over an
j;j.exposed outcrOp indicated that the Velocity ranged from 865 to ko
.”;'_1020 m/sec. Unfortunately:_in other areas, the velocity of i
“7°ifp the soil was found to be even iower and very close to that of
.air, approximately 330m/sec. Thls plus the narrowness of the };%
shafts and the comparativeiy low velocitx cf the tepetate,
_was extremely discouraging for the finding of shaft—tombs with
t a seismograph Also, the seismograph was indicating the  same

: situation that the magnetometer was finding - that the soil

was: extremely mixed and variable, and not appropriate for the
"'ﬂf use of these geophysical prospecting instruments

Nevertheless, tests were made over the shaft tomb that

e e T i - ——

h:‘was completely hollow (located on line 70 cf Grid d 1, Fig. 16)

Qﬁﬁ.ﬂgfi These were made by moving the tape measure: in arcs}from the

af outside of the shaft _over it, and outside on the othet side

S 4
e e b SO~ et e

€0 with a fixed distance between geophone and hammer Just slightly 'i
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11
greater than the'diameter of the shaft 2 meters.for the first

trial The 1ooation of the 1ines and the data are shown in

vl pige T 24, No eignificant change in veloc1ty was detected over

"}the tomb. The test was then repeated with the geophone moved . ..

1i away from the tomb 1 meter and the piate, 0. 5 meter, making
the dietance between them s, PP meters as shown in Fig. 25;

With this arrangement, a small decrease in veloc1Ly (higher

i 'millisecond travel time values), but hardly significant, was 'd,iﬁ&

hhﬁ'with 4 5 and 3 B et spacings were negative

.'l In epite of this and becauee our workmen insieted that

: -there had to ‘be a tomb in a direct line between this shaft i
';'and the open one, of iinee 86 and 88 (Grid No. 1), a 1ine was Tt
'dlaid out between the two and readings were taken forward and
fﬁ'backward with a fixed 6 meter Spaclnglbetween geophone and
f:hammer.. Exactly‘mid—way between the tombs, two readinge were

e recorded that differed fiom the normai by about 1 ms. and were

. of higher velocity ThlS difference was not really significant,

‘".nor in the right direction, so that w1th faint hope, thia little |

:' anomaly was teated by excavation.‘ A pit 2 X 2 meters (pit 1)

was laid out with the stake which indicatod .the anomaly

hh”gdetected through the tomb (see data, Fig.: 25). The next testa 'WJ‘

et i g W
L forming the southeast corner. A 1ayer of large stones was found

1h.at 40-45 cm, but obviously these had been put down deliberately

._The flattish side of each was uppermost and one wae stone of a_s,

kind which does not ocour at El Arenal buL is found at nearby

H:tj‘CErro Molcajete.- In addition, roughly half of a stone merate




.

(grlnding sleb) was wedged on end emong the stones Théy eere
removed and the dlgging contlnued with some hope beceuse of
‘the obv1ous ertiflciality of the 1eyer, but a reddish clay was
:; reached at ca.‘ 70 cm. and tepetate at ebout 80 cm. A small
pocket of loose soil in the northwest corner of the pit was
= dug out, only to reech a herd whlte clay at roughly 1 meter.
hchhe'north and east dldes of ‘the pit were extended by 20 cm.

""f and an area 20 * &O cm, centered on the stake, was also dug -

A g1l gE, these subSLdlaryexcavations extending into the edges of
' edjoining, re-fllled‘pot—holes. It was clear that the stote

layer did not extend beyond the area of he pit, but no explana-

: tion for the enomely could be found - except perheps, as

L]

suggested by a perceptive workman,_the-"meohine" mlght have

recorded a small burrow-hole dug out to onme slde of the pot- ~

to the tepetete. | i , Blip 51 :_" : :*- .'. A

}jg_extension (Figs. 20 end 21) with the selsmogreph It was found
that there wes indeed a high velocity 1ayer within the soil

A This is shown in Fig. 26 where- ' .- .
.1 = 360 m/sec ’:.ielh ,;-j%ﬂﬁ?'

\vi*rﬁﬂ.c“r4vz = 1800 mfsec}

and Dy - 2.0 meters

ey

This informetion indicated quite definitely thet our strong

f magnetic anomely wes caused by besaltic rock The results

e o £ b T e e S Wit 2
1h¥p o f et : - x .

gt hole to the south, A few sherds were found from about 10 cm. down

A

Next, we tested the 1arse masnetlc anomaly of ¢rid No. 3°




)“J. rock below this. Over the reet of the pit the topsoil was

J 13
- of the seismic lines run and the depths fouod are!shown in
rig. 27, :Again,’a test pit approximately centered over the

Cooa

magnetic high was dug and ‘a natural outcrop of fine-black

grained rock was found in the eenterlet a depth of about 40 cm. tte

The rocks exposed were not especlally large and were mixed

with some earth which probably accounts for Lhe unusually 1ow 'Lof

;VElDClty (Vz) EQUnd for thie type of dense roek This p1t
i (No. 2), was also a2 X 2 metere, and was dug in extremely hard

soil whieh was dlffleult to break even with a piek In the _TT

\ s

t'northwest part of the pit, the hard brown topsoil was folloWed ﬂ“

i,3 by a 1ayer of reddish, sandy soil at about 20- 25 cm. , with herd

R followed et depths of 20 to 30 cm. by a layer of very hard

YE110w=red i WhiCh overlay the rOCk The top Uf a cluster* i;; |

. of 1arge stones eppeered approximately in the center of the
: pit at roughly 20 cm., and the eize of the cluster was still
3.1ncrea91ng at &0 em, lNo sherds WEre found’ it was clear that

-f'none of the soil had ever been disturbed

More work with the magnetometer was oontinued and

ridg NQ 4 and No 7 (see Fig. 15) were completed. Grid No. Tl;t

N

:f.wshowed only e continuatlon of the magnetlc and anti-magnetle L

fﬂTfanomaly of 1ine 100 of Grid ND- 1 (Fig 16) plus tWO small 51zed i

' anomalies with steep gradiente thet were most 1ike1y eaused by Jt'f

L‘
‘rocks. Grid No. 4 however, contained several small, but

‘ interesting anomalies Part of Lhié grid was repeated at

i‘
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: l-meter.intervalsas_shownhinFig. 23Lu This region, adjacent tob
Grid No. 1;'15 also on high ground and is a more plausible area‘ i
o in which to find tombs. In order to make certain that we were df
not misinterpreting ourlanoealles, especially, the small ones,
two weak but different types were selected for excavation. These

are shown in Fig. 28. ‘"A” is located between lines 49 and 50 and

'l?B”, between 44 and 45

The pit labeled A (Plt 5) was 2 X 2 meters, and was dug |

N S

hto roughly 80 em. The soil from top to bottom was reddish brown,”

Sl ik

" a layer of compact red clay, streaked with brown, was reached at -
R ﬁorem,!_and_tepetate‘at SQJcmqf There were a few sherds in the.'.

& pit, extending.down to the tepetate,'and'while no continuous
") layer of large stones was found, scattered stones of 'various

.’
sizes.were found throughout the pit. Also, a 10-15 cm. layer of

i Small stones was found at a depth of ca. 50 cm. over part of the.”' |

lllu_surface of the pit (see Fig 29) These were obviously put down.

”Ff;f art1f1c1ally, but they are sald to occur quite frequently at

i

El Arenal, with no apparent Pul'POSe Before the pit was closediht

. at 80 cm > this layer was followed out for a distance of about

n

50 cm. in the west wall but it was decided that the stones

were not significant enough to warrant excavatlng an extensive

'erea to trace them further ___: i “~‘J**'- 4 l

- Excavation B (Pit 4,_elso 2 5% metersj was only 4=5 meters

_away, but it revealed a vcry different situation. Here the eoil

was a pale ashy brown, and much lighter in consistency than Eha "

i

'
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u?:?; soil in A."There were Sherdsland a seattering of stones of
various sises, end pocketsrof loose soil were found‘starting
T“at about Ab eml By‘epproximately 60'cn ; the aree of very
b\lfine loose SGil extended across the southern edge of the pit,
;klleading to 'the transient hope that it might indioate the top of ﬁl

F dn undisturbed shaft At 80 cm., however, the 1oose soil gave

:’_}way to tepetete, which extended over the entire surface of the
'lpit; The red-clay layer of A uas.visible only in bne small
th,portion of the wall of B, at about 60 cm.: There was no readily
ii apparent explanation for the marked differenoe in sub surface "y
.t‘_conditions within such a smell erea. Much of the soil in‘B

" had epperently been disturbed and a curious feature was the
mixture of chunks of tepetate with the soil from ca. 40-80 cm.

but no explanetion for the enomely could be deteeted | This

hlest pit is shown in Fig 30

: After these discouraging results, we moved to oLher |

sites, ‘where either shaft tombs or giaves had been found,

,d(see Fig 11 for the 1ocetions of most of the sites)

Cerro Moloajete At -; ”.fﬂnV‘ § fg;'hf - A
At this site there was’Supposedly no tepetate, and we ;

I ‘
3 found immedietely that the reddish top soil and the rocks were
' f

‘even more megnetio then those et El Arenal. This is shown in |

i

i\ g e R

wl;the small Grid No. 5 run in the normal way (Fig. 31) | Note

:":thet the contours of thls plot are drawn at 100 gamme inteivals _‘“.
- rather then at the usual”20~gamma inorements. This-grid was

T




“‘lrepeated with the sensor higher (Fig‘ 32y, but still gave large ‘;1

changes in magnetlc intenSLty In desperation, a gradlometer
arrangement was tried with onelsensor 80 cm above the ground
l"h‘and the other 130 cm,‘above lt, as shown in Fig. 33 The
Model 4920 magnetometer was then operated in the difference
) mode An even more confused pioture was obtained as ehown

ZF in Fig 34. e T | ; lh_

The aeismic data for a 11ne 1n thla same area are plotted

in Fig 35 " From theae‘we caloulated that V 330 to 350 m/sec. ,

1
v, = 550 to 660 m/sec. and that D1 = 3 l to 3 2 metera. Therefore,
‘it is likely that there is some tepetate or, at-least, more com-lp;
: pacted soil underlying about 3 meters of very magnetic and mixed

top 5011 - not at all good for ‘the instruments. Aa we left,

d_we ran a long magnetometer line from thia hill down to the lake

1arge magnetic variationa all the way and even in the lake bed

'xniwhere the soil was dark brown

i Las Cuevas"

Thie aite was on an island when Magdalena was a lake

”7thig..6. It contains many pits; some of which were dug very
ilrecently A grid was lald out "“aiting in an undieturbed fih&d-J
-,;oflsorghum, but running into tall weeds where there werehmany
hpits About all one ean see ih Grileo 6, Fig 36, plotted at
intervals of 50 gammaa,_is that the aoil ‘here is also very magnetie

a-’-‘ ¥

iR e M

' bed where there is water today,'we heard (on the audio Vﬁ97l) very

gend on high ground whioh can be seen, in the aerial photograph ‘Qi"

iy
\




‘:ﬂtﬁTF-El Trigo ¢ Y t;qtt;-ﬁ‘lf;. .‘t;_u-"”.'n J
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 There are certainly no signifiéant anomalies thaticorrespond with
the pits. ': A _  t -‘@ '&‘;,ftt: r.
 From the SElsmiC data plotted in Iig 37, we suspect

Ct that there are three 1ayers thh Lhe following ranges of velocities,

P
-'_Vl 350 to 490 m/sec

eyt T, = 630 to 770 m/sec. (i R il
‘5‘v3 1420 to 11 100(?) m/sec h-l Fisiahat s IO
it,Again, at this site the instruments were defeated

This Slte is not far from San Bedrc in the directlon of
"Magdalena. _It, too, contains reddish soil and magnetic rocks.
e From the caiculations'for the NE to SW seismic lines, Fig. 38,

'we find V1 = 340 m/sec : é

= 1480 m/sec;} and D1 = 2.8 meters.

= Ahualulco "J'@?. ‘-_ EE 5 e SNy e S
B M Ty ” R S S5
This gite (about 15 km. from Etzatlgh‘in'the direction
“H.bftGuadalajara) with two 1arge'artificia1 moundé,‘was.visited and
”:hit was appareﬁt and detected with the audio V-4971 ﬁagnetometer

iﬁtthat_both tﬁé rocks and soil were magnet;c and mixed.

ﬁ‘ Sénta Gertrudis

This site is in the 0pposite directlon from Las Cuevas

*

* and not far from San’ Marcos. Here, there are only 10 to 20 cm._;.

" off 1ess of Boil abova the tepetate and many fewer rocks on the

: ;surface. I grid No, 8 (Fige_39) we see.that it iE*qUiEterﬂmag"‘.t

. netically (contours.are‘at iﬁterqals of only 10 gammaS) except:'
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for a very strong magnetic anomaly centered on line 2. $ince
#:% the soil is so thin, it can be probed with a crowbar down to

the layer of compacted tepetate With, this technique the

;; bar, and‘neither rocks nor absence.of tepetate was found. Dis-
Iiicouraging alsolisltheﬁfact that-the two pits'and one excavated
:ibtomb in the center of the grld caumﬁ no magnetic disturbance

More encouraging indications were obtained at thlS site

l

with the Bison seismograph ' A 30-meter test line indicated

s i that the mixed surface soil if present was. much 1ess than

“*j _one meter thick, and that a homogeneous tepetate like rock

f"extended to gome depth and had a velocity of 780 m/seo
The first experiment over an open shaft, about 1 meter
_‘in diameter,.was negative.. H0wever, parallel iines run with

" geophone. and hammer 6 meters apart over a much larger 'shaft,

§fndid.produce a_lower velocity as we passed over the shaft. The

.ijisolated shaft was investigated THis one had been almost

.L'completely fiiled but it too gave a bareiy significant indication

ceeding in iines with geophone snd hammcr 6 meters apart tut""

o but Progressing along the 1ine in 3—meter jumps Pi“ally* 7

-;clandestine diggers 1ocate tombs by the absence of hard tepetatejffi

. when probed. The masnei:ic anomaiy was investiaated with a crow-

- about 2.5 meters in diameter and with two large viSLble chambers,'i

lines and'readings are\shown in Fig. 40. Subsequently, another Sk

i Therefore, a search for undetected tombs was made by pro—:id




Fﬁ,decided to terminate the experiments, at leést for the rest

y
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L |

readlng of 13 5 ms . was. obtained in a region where normal readings
were about 10 ms . We tested thls area with parallel and perpen-iNh

-dicular llnes to pinpoint the anomaly more prEclsely Unfor-

3

tunately, the probers with pickaxe could find nothing only
compacted éepetate at depths less than 10 cm. After a few

more days of searching and problng and findlng no tombs, we

of the dry season.:"fn‘fn?Q Lf “n”<L;n”f1 :J _*f ‘

a
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| Snggestions for Finding Tombs

ik

s A, Wet Season

;‘_1. Aerial Photography

Return to the SLtes towsrd the end of the wet season, poss1b1y

mid September to mid October ::‘ ;_". ':'t'i=

L

Repeat eerial shots, preferably at 1ower altitude when grsss\iif'

- and other growth and erops are green : High resolutlon photo-

"graphy in the v15ible and infraied spectral bands which msy

i-findicate moisture content of plants end 5011 has poss1bilit1es

"?in this area for the direct 1ocation of tomb shafts. ‘This is p;“‘

e;beceuse the 1oose soil in these shafts will act as a watér:

'Ehsponge for the early part of the dry season and cause the

-ideal situation would be complicsted by natural variations in soil

qoverlying soil end vegetetion to be wetter than normal ThlS

~

moisture and the faot that the shafts ere smsll, about one

._meter in diameter ‘ﬂ“ f.f44,f f*hj‘jf; 3_u

2, Resistivity Prospecting ;. "'f .gi'f"i;;"

Use resistivity appsratUs (both Bison Model 2350 A and a Gossen _'

‘Geohm) when ground is wet but not setursted HE s reasonsble

. to assume that the tomb shsfts might retain more, or conversely,‘ '

_less, moisbure than the undisturbed tepetate

Bulldozer

'-; At El Arensl in'the.erea'of Grid'No 1 Ior pert of it, bull—‘

”doze off the top meter of soil and rocks lhen, use any geo-‘V‘

‘;physical prospecting techniquo or one s eyes to detect or sece

'lthe shaft tombs This land is owned by the Hacienta San Sebastian,
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"APPENDIX: Geology of Shaft-Tomb Sites in Magdalena Basin

Rl 1A £t

i

" The most characteristic geologic feature of shaft tomb sites is the rock

Sy locally known as tepetate, This soft but rigid ‘roc_k was preferr_'ed for digging
. shaft tombs.

T_epetat.e ui_é a layeted volcanic rock which is the light weight, glassy

fraction blasted from an e‘fupt‘i_ﬁg volcano.  This tan-grey volcanic tuff is Gorrs >

posed of a frothy ash with two size fractions: large, usually angular fragments

between 2 mm and 800 mm; a'n‘:cl‘.a é’ubn'{illimgter.grbuﬁdm#ss thch composes
- over 95% of the rock'_v_o-lume-,.- Figure 4l1 sho‘w.ls a typical example. Obsidian
is also preslent‘at some localities, but in quite variable quantities.

The weath;:ring_of tepetate ie; ve.ry dependent upon mois.-ture. Outcrops |
of tepetate exposed to the air 1n this semi-arid climate,; devele;:p a hard layer
: \I.vhic‘h'l is much more f_esistan; I:q. weathering f.han freshlf exposed tepeltate. |
: Thi%' resistant layer a.l_so has a high_cr séismi‘c velocity than tbeltEpethaﬂt.e jﬁét

‘

: Eelow.

Tepetate which is buried beneath many centimeters of soil remains soft’

and moist, but tough. It slowly transforms to soil, with the fibrous ash decom-

posing first and the bubbly glass remaimng as sand

It is not knewn W'hether this tepetate was depos;tted in or from water, or

1f it was dlrectly dropped from the air L.arge. flat chunks of ash wtthm the

tepetate do not appear to havc any preferred ormntation lThe Santa Gertrudls. |

;Bite has at least a ha.lf meter layer_ of tePetate overlaying .cla.y of undetermined

FT a4 B o i . _gh‘_"-
P T ! Y . '
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lldepth; this clay-tepetate interface possibly conforms approximately to the
presen‘t surface fopography (there are only a fEW'l'centimeterB of soil overlying A
i the tepetate at this site), The evidénce for this is shown by two tomb shafts

L s ¢ e Sl
. with over a half meter difference in surface elevation. Both show the same

I {.Fl depth to the tep‘efafe-ciay”intefface.' The second part of the eyidence-is that "
: " -ﬁ-f"’-".t_much more change in ellevatieﬁ- below these tombs still shev.;s jno clay on the

surface, i LG e T T . i . 4 :

Magdalena Basin is part of the large extrusive igneous zone which
extends up West Mexico. The predominant rock types in this area are volcanic

. cinder, tuff, and Besait._ e £ b ] el 0 el
. Former shorelines of the now dry Lake Magdalena are visible when

the flat basin plain meets a steep rock outcrop! On a gently sleping surface
it is diff_i(‘:ult to locate shorelines except at Las Cuevas, where beach gravels

i

_.é..re. cbfnfn\pn.,
Sem-e summariee of the g‘eoliog‘y of the‘s'i_'_tee ere given below:

El Arenell -:---The tepetate from this s-ite is shown in, Figure 41‘. In the |
flemb area, this is oeerlain by‘a-.boet one meter oflsoil; the mi:etures of rocke.
J.in this soil have erobably' drifted down from.Cerro San Pedro, v;:‘hich overlooks
the site, : C)\-rer 80% of these drif*: rocks have‘signifieant remanent magnetism;
the e-teeegest and -rnest e.omnﬁ'on ef these is a grey baseltic rock with many
wh1te, dxffuse phenoqrysts a-nd fewer black phenocrysts vl.rith good cleavage

Smce tepetate has neghgﬂnle remanent magnetism, these basaltic rocks give

pronounced anomahea at this site. While there wexe eeveral surface outcrops

.
e
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5 of tepetate at this site, no..sur‘fa,ce outcrops of otﬁer rocktypes were found.

f?_:Sé{snﬁc te‘ating in the .t.m:-nb a'xl_'eé;. indi.cali;ec.i‘a st'rah-lm Dfl hligh sound velocity
i‘_ock (2000 mt‘ete;s pér-se-_cond) at"'a depth of abclaut 19 meters. The magnetic

: _é.ﬁomaly in Grid Three North hé.cl a -si‘milar‘ sei;mic vélocity and could well

t;c: the sarﬁe_ hant, ‘Wh'e‘n exc.aézated,. this a.lnomaiy pfd?cd to be basaltic rock

i at a dept_h of less thé.n a.mu.etelr-i.l 1& *-a.ya.s._lwithc.:u.tj t-Jhenof::ryst.s and its cﬁlo;
:_'l_‘_v"aried from grey”td black, This_]umble t;.:f i'oc;k, ihe béttom of which was not
--l'unc:olvér.ed., is either aﬁlﬁpﬁardlpfotrusioﬁ of si;rﬁiiar basement rock or is

| "":‘i '_”ﬂoating" just‘abo‘ve ilt (as th'e seis;rr;ic:l data s‘.eer_r-l toli-ndicate). The geomag‘-"
pétic'map' of thé site, shown aé F‘.igure‘-ﬁ:tlz, fur_tﬁer confiﬁné this. The mé.ny-.
di.pole:anomalies- in Grig] No. 3 iﬁdicafé large near-surface rlocks,: while the

. ma’gnetic contour slopes could indicate similar basefnent rock slopes. The

Ll

R

geomagnehcally qmet area around Grid One probably means a deep or uniform 9 ‘

; .basement rock (This ”geomagnehc” map was prepared by roughly sketching,

smoothing, and combmmg the magnettc grtd data given in other f1gurcs )
J : ' | i
Santa Gertrudls -- A thin layer of tepetate covers a cream-colored

e lpoorly I‘Lthlfled clay‘ of unknown depth at thlS sxte.ll Beca‘usc of the very thm‘
soil 1ayer and absence of sherds, .this site has possibly been szEpt clean to
the tepé&m_te 'lay;e-r at some time since Itlldian D(-:cupllation. ‘No explanation was
.rfoﬁn.d for tlhe haifq-letex; .step"in .teiﬁeta”te .v;'hich passéd throﬁgh thi.s site, | (Aﬁ

‘ fﬁur of the tombs which have been found here are above the step.) _

-~ An exploratory trip‘was taken into the ‘\hills nolrt"h of thils site, A stream

cut revealed an 8-meter thick sedimentary sequence with 16 distinct layers.

.; e SRR 4
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' These were primarilylclay-lillce,_but graveié were -pres'ent too; none of these’

;Ii‘{'."‘laye‘rs xx;as tepgtaté (L.l;eilelevatibn was probab?y 'abo;rc the tomb site), Further
ﬁvidence_‘.l of npn-ign_eoﬁs'lfo;ksn‘yw:ras ;ee_.n-in gél‘;ltlyl.slcp'ing r-o‘ck strata visible
l_across ‘the vé.lle;y to the south : D'ne'smaill flaé-toi:wped hill nearby had é. hori-
zontal stratum- near.its top composald of volcanic tuff with 11ght colored ash
fragments‘ #nd én unﬁsually bﬁght red é.sh g-ro:undmass. This tuff layer did
s lnot appear to 1ntersect né:ari:y h1lls Amy'dalrfaildal basél? was fquncl at an out-“‘
Crop w1th Whlte‘ t:halce dony on another -.s'lope .-".I‘here. was ..a'lso.somel eviden‘ct;
for some stG:E:pls_r- .dippi.ng non-lsedi_mgntlary bc;cis .aloﬁg.‘th-e exﬁlorétory route,
-C'erro‘ Molcﬁjete: -- T-His éite ."is”al cinder cone whose upper élopes‘are
i .entlrely composed of spoﬁgy volcamc cmdef \;reathcred throughout to a uniform
; re'd Cmder from the louwer slope,s.stlll has a bluish grey interior. | Basaltic |

'jl;'_ rock is alsd found below the cone, but no ash or tepr—:tate. A.n almost identical

but smaller cone is 1mmedlate1y east of the cone with tombs. (At 1east 7 otherl |

suspected Fiﬂd&l.' cones.we’.re locelttcd in thé ?asl_n.) The three known tombs

“at this site a.;'e located bello.w.the singie, prominént notch which cuts the cone; '
_ﬁoasibly thislﬁva,.s Lo take advantage of }:‘Ae e;asy diég;lng in the finer grained P!
; ma.te'rial which could have ;;w-.ashed dowr.i' the res—.ulti.ng lgully. .

Las Cﬁeva;s -- Thé tepeta-te at .this site encloses iargé chunks c.)f an
-_unider;tified rock'  this fepetate is 'alfa:o iron stained, C‘istérns and water col-.
A lelctin;g tr.oughs ha\}c been‘cut into tepctate at -oné 1o§at1on on th1s former island )
gy sl

" 'The northern part of the ishnd is prima.rﬂy volcanic cinder and one pot hunters’ i

-

The magnetic contours at t‘ms site mdlcate a constant

| |




|
i
]
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v

’."magnetic slope upwards away from the former "sh'orelin‘e; this possibly indicates

.‘. -' a

highf-y magnetic bedrock overlain.tlay alluvium which is thicker toward the beach,

o Tl

It is possible that a gradiometer arrangement of the magnetometer here would

¢ .« minimize the effect of subsurface, large-scale geology. 'S N
Thin section microscopic analysis of rock specimens collected in the

field will be used to identify some surface float rocks from the sites; preliminary
inspection indicates primarily basalts and tuffs. It may be possible to estimate

L £
I

"% the age of volcanic activity in this area by fission track analysis of the obsidian,
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FIGURE CAPFIONS
'7f{iFig. 1. ' The -Center of the town of ELzatlan Flg& 1-10 are phoLos Laken‘
Yy January 8th, 1971, of the Southwest area of Magdalena
- Basin, Jallsco, Mexico, with a Hasselblad 500 c

camera, and plus-x pan black and white £film was used '
for these prints iy SEEaNE :

e g e g e S

~oTpeRTITS

o

f

2. . part of the town of San Pedro several miles across
-~ Magdalena Basin from Et7at1an Cerro San Pedro is in
. the near background Foi " .

e g e e o s

3. cerro Molcajete is the small cinder cone in the fore- gk
~ ground. About three shaft tombs have been found near LoE Y g
~the base of this volcanic cone JUSt below the notch | |

‘_ which cuts 1nto it h A

LY
—r—

i

sz r——m

4., The small foothill El Arenal ls the scrub-covered ° 0 ¢
' area in the center of this photo. The crescent-shaped fi
+ outcrop of Tepetate, the volcanic rock in which shaft
tombs are often dug, at the left of center marks a
former boundary of lake Magdalena.

s m s

="

=

e —

5 This flat topped hill is of interest beeause, like S
5 Cerro Molcajete, it may be a burial site. Furthermore, '
“it has some light marks on its flanks, similar to the o

~ tomb robber's excavation marks in the El Arenal photos.
While the location of this photo is not known, it can
' probably be determined from the hacienda to the left
and the shape of the meuntaln in the background

: r

e

B The site, Las Cuevas, at the rlght hand 51de of thls e
former island is still being dug by pot hunters. Caves £
- are visible at the foot of the cliffs which are facing
the camera; these are at least 6 meters high and are
locally said to have been inhabited by Indians. Many
- fields of corn shocks surround the island and were to
b be harvested by hand shortly : :

Thls eleud erested mountain is prebably Vulcan Tequila

s voeE g s i
i i )

Thls clcaer view of El Arenal shows some evidence of tha . .- '
- digging of tomb robbers in the white area to the left of ; i
- center, The white circular areas scattered around the Sy !
,“ photo are sterile spots caused by-.ant colonies. Fields G W
0 of corn are on the_flat former lake bed at the bottom -‘f Tl :
of the photograph. The ground width of this photo is Bl ¥ !
about 700 meters._ EAL R R b b A TR B e
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14,
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13,
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7.
N
__ 19?_.
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DO
it 2 -hn height. Reglon of pronounced anomaly.

{oi 20,
i
s
25‘."
265 |

. BT,

28

Seismograph in’ use. HT‘Q. lj ﬂﬂ}£¥{ﬁtf

: Test pit 3.34;“

}
f E
b i

i

El Arenal is in the foreground and the hacienda

.| San Sebastian is in the background.

'Photo of the hacienda:San‘Sebastian shows what may be
'“'four cinder’cones in the background. 'f

Map of Magdalena Lake Basin showing sxtes.

; Photo of cs Model 4920 1n use at El Arenal

Photo o£ CS Model V= h97l in use

Map of grid 10cat10n5 El Arenal.-'qf

Detail of lines 60 and 62 anomaly, Grld #l,‘at 1/2
m, spacing : i &

Grld #3 'fjf.{fli 7 5 O G RO

Part of Grld 43 Extended N made w1th higher sensor ik

Plot of shaft tomb showing soll and tepetate layers.

SeiSmic Line - edge of Grid #l

Se1sm1c measurements made over Hollow Tomb located

on line 70 of G #1.

Repeat Df Fig 24 with greater distance between
geophone and hammer. 5 ) -

SeiSmio velocitles ovor large anomaly of G #3 extended N

Depths of 1arge anomaly of #3 extended N as detelmined
by SELSmlC measurementr

Detail Of Part of Grld %& at l-meter intervals. R

AU TS S




fiFig. 29.

. rig. 30.

i g, 31,
L hedght,

SiviPlg. 32,
Giipie. 33,

‘t?%ﬁiFig. i

‘ 'ffFig. BQQ'

“pig, 37.

v”-fig. 39,

Fig.°4U

i‘ﬁiFig 41.

U Fig. 36.

f.Grid £8 at Santa Gertrudis.

Fig. 42._

Test Pit 5 showing layer of small stones in west side.

Test Pit'k. -Light érea - - consists of tepetage.
;
Grid #5. Cerro Molcajete - 51ngle sensor at normal

Grid #5 Ce?rouMolcajeté -single.sensor at Z;? m
Photo pf two—éeﬁsdr'graﬂiomeéef é#periﬁeﬁt.
IGriﬂ#ﬁ Cerro MDLC&JEtG‘HFtWD sensors‘— gradiometér
-Aréé ot Grid #S Cerro Molcajete - seisﬁic line

Grid #6 at Las Cuevas.

Seismic e at Las Cuevas.;' E il s

.Seismic‘line at El Trigo 5  f:k':'} L i
e e {

Seismic tests over open shaft tomb at Santa Gertrudis.
Tepetate Sample From El Arenal

Geomagnetic Map Of El ArEnal
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