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ABSTRACT 
 

 
Geology in studied area nearby swampy zone of  Alejandrina 
refinery varies from mudstone, eolic and debris from 
Miocene to Quaternary. Soil is CH type as soil mechanics 
classification with high compressibility. Thickness of soil 
observed can reach 15 meters in some sites. 
We carried out two surveys with 37 samples of HTP (Total 
Hydrocarbons). One in surface and other 50 centimeters 
deep. Variograms calculated in surface with distance of 100 
meters between samples reported an associated variance or 
23 and for samples at 50 centimeters in deep 21 in four 
orthogonal directions (East-West, North-South, North-East-
South-West and South-West-North-East). The site was 
modeled as a lognormal distribution. 
Join Spatial Correlation of HTP was determined for surface 
survey with 11.36 mean value meanwhile for 50 centimeters 
deep survey reported 9.53. Using the geo-statistics tool of 
Cokriging correlation between grids in surface and in deep in 
separated samples having as a conclusion that for 50 
centimeters in deep, only 34% of contamination drop in 
surface reached such depth.  
In future studies we propose to estimate seismic risk in a 100 
km radius area, due to the historical earthquake of 5.2 º in 
Richter scale. This will help to estimate risk maps and wave 
acceleration in the area. 

In troduc tion  
 
T he a rea  o f in terest is  located  w estw ard  M inatitlán  c ity  in  the  
geographic  coord ina tes 17º  58’ 47”  north  la titude  and  94º 
32’ 27”  w est long itude  and  60  m ete rs  above  mean  sea leve l 
(U N A M , 1990) its w este rn  lim it is th e  G enera l Lázaro  
C árdenas  re finery  and  sou thern  is  C oa tzacoalcos rive r 
(Figure  1) . T he area  is  character ized by  a  great spread of  
swam ps  covered  partia lly  by  grass , te rrane  show s  smooth  
ondula tions  fo rm ed  poss ib ly  dur in  P le is tocene  (2 .5  M y) , th is  
w as p roduced  by  a luv ia l sed im enta tion  of h igh  vo lum es of 
sed im enta tion  transported  to  the  G ulf o f M exico  by  the  
reg iona l hydro log ica l system . The  a rea  is  loca tes in to  the  
G ulf o f  M exico   coasta l p la ins  fis iographic  p rov ince . Th is 
zone corresponds  to  the  geo log ic  p rov ince  o f basins , in to  the  
low  em baym ent  of C oatzacoalcos  river  (coas t p la ins  of 
sou thern  gu lf). The  i sos ta tic  com pensa tion  index  is  lee  than  
cero  w itch m eans  a  low  degree  of  isos ta tic  com pensation. 
Th is is  ev idence  of a  h igh  tec ton ic  ac tiv ity  and  consequently  
vertica l m otions  o f con tinen ta l b locks w ith  horizon ta l 
com ponent tha t d rive  the  k inem atics o f sed im enta tion  in  
d iagene tic  p rocesses  wi th  h igh  energy  focused  m ain ly  to  the  
G ulf o f M exico  (F lores e t a l., 2000; 2001). 
W eather  in  the  zone  is  trop ica l, in  the  coast p la ins  o f tha  
G ulf o f M exico , the  annua l m ean  tem pera ture  ranges 
be tw een  24º and  26º degrees cen tig rade . A bundant ra in  com e 
be tw een  Ju ly  and  Sep tem ber, ge tting  s low  by  w in te r; the  
annua l m ean  prec ip ita tion  is  2041  mm . So il is tip ically  
A criso il, N itro so il, an d  V ertico il w ith  su b terra ne 
accumula tion  of m uds . 

G e o lo g y  
 
T h e  f is io g ra p h ic  sc e n a r io  o f  th e  s tu d ie d  a re a  is  lo c a te d  in to  
th e  c o a st  p la in s  o f th e  G u lf  o f  M e x ic o  w ith  a n  a re a  o f 1 0 0  
k m 2  a n d  w ith  re f in e ry  p la c ed  in  th e  c en te r  (F ig u re  2 ) .   
S e v e r a l l i to lo g i c a l u n i ts  a re  p r e se n te d  a s  a  s tr a tig r a p h ic  
s e q u e n c e :  
 
F i l iso la  fo rm a tio n  (F M ).  U p p e rm o s t p a rt  is  m a in ly  b r o w n  
c o lo re d  m u d s to n e , in te m p e riz in g  in  re d . D e e p e r  is  p o ss ib le  
to  f in d  m id d le  s iz e  g ra in  s an d  s to n e , h a rd  a n d  so f t ,  w ith  
m ic a . I ts  ag e  is  M io c e n e  (2 6  M y )  an d  o u tc ro p  w id e ly  in  th e  
a re a , i t  is  p o ss ib le  to  re c o g n iz e  sm o o th  h i l ls  as  h ig h  a s  4 0  
m e te rs  ab o v e  m e a n  se a  le v e l.  T h i s  fo rm a tio n  is  th e  b o tto m  
b e d  i n  th e  r e fin e r y  a r e a  a n d  a c t  a s  a c u i ta r d o  w ith  th e  w a te r .  
 
A llu v iu m  (Q a l) .  I t  i s  p o ss ib le  to  f in d  in  lo w  a re a s a n d  is  
m a in ly  fo rm e d  b y  a l lu v ia l  a n d  e o lic  m a te ria l ,  l im e s a n d  
s an d s  lie s  d is co rd a n tly  o v e r  F M . 
 
S e d im e n ta ry  b e h a v o ir  in  th is  re g io n  a re : 
 
P a lu str ia l  (Q p a ).  N o t c o n so lid a te d  se d im e n ts m a in ly  fo rm e s 
b y  m u d  a n d  lim e , p o rp o r t io n a lly  lo w  i t  is  p o ss ib le  to  f in d  
s an d s  b ed d e d  a s th in  b e d s . T h e y  a re  d e p o site d  in  a  re d u c to r  
b e h a v o ir  w ith  w ith  lo w  w a th e r  c irc u la tio n  a n d  a n ae ro b ic  
o rg a n ic  m a te ria l.  B a se d  in  s ed im e n ta ry  c o m p o s it io n  th is  u n it  
h a s  lo w  p e rm e a b il i ty  a n d  c in s eq u e n tly  c o v e re d  m o s t o f  th e  
t im e  b y  w a te r .  
 Conclusions 

 
We found that the mean value for the 37 samples of 
TPH in surface is 11.36 ppm, a variance of 10.19 
ppm2, a variance coefficient of 0.281, a minimum 
value of 3 ppm and a maximum of 666 000 ppm. 
Meanwhile for 50 cm depth, mean value is 9.53 
ppm, variance is 13.58 ppm2, and c.v. is 0.386. 
Minimum value is 2 ppm and maximum is 551 000 
ppm. 
As a first approach for the geostatistical model of 
Santa Alejandrina area we found that the 
relationship between two depths in hydrocarbons 
infiltration result of 1 to 34.24 ± 1.11. This means 
that of 100% of spilled hydrocarbons in surface, 
only 34% reaches the 50 cm of depth of muddy soil 
in the sampled areas acting like a molecular filter. 
 
We recommend further analysis in order to reach 
more detailed results. It is important to figure out 
the distribution coefficient Kd (in laboratory) to 
stablish hydrocarbons migration in porous media 
and forecasting balance of solid and liquid phases 
in clays. This would permit to know a delay 
coefficient to introduce in the diffusion equation 
and forecasting travel time of hydrocarbons 
likewise the mass percentage at 1, 2 and 3 m of 
depth in porous media (Flores et al., 2000). 

 Figure 2.   Geological Map  

Figure 1.   Refinery location map “Lázaro Cárdenas “ Veracruz (México) 

Figure 4.    Distribution spatial map of TPH in surface  
Figure 5.   Variogram  at deep-set 50 cm in Santa 
Alejandrina 

Figure 3.    Superficial variogram in Santa Alejandrina 

 

Figure 6.    Distribution spatial map of TPH in surface  

 

At this stage it is possible to compare samples acquired at two different depths (surface and 50 cm) 
using cokriging geostatistical method. This tool has been widely used with positive results ( Carr et al., 
1985; Herterbrand and Cressie, 1994; Flores et al., 1997; Flores et al., 2001). The relationship between 
two depths in Hydrocarbons infiltration result of 1 to 34.24 ± 1.11. This means that of 100% of spilled 
hydrocarbons in surface, only 34% reaches the 50 cm of depth of muddy soil in the sampled areas acting 
like a molecular filter (Figure 7). 

Figure 7.  The cokriging variance normalized 
map(Average map of TPH only 34 % reaches  50 
cm) 

Discussion 
 
The best sampling method for mapping surveyed variables in the field, is based in 
regionalization of stochastic variable, where each sample is related to a density 
distribution function (Matheron, 1971; Hass and Viallix, 1976; Urrutia and Flores, 
1996; Flores, 1997; Hernández Quintero, 2001) and its spatial dependence is 
expressed as a variogram, where the mapped variable represents the space among 
samples in the highest direction change rate. Geochemical exploration of petroleum 
in surface was carried out in a 2 X 2 km2 area. Oil spill of refinery were sampled in 
the most contaminated sites. Such survey considered 37 samples of Total 
Petroleum Hydrocarbons (TPH) with a sample mean of 11.36 ppm, a variance of 
10.19 ppm2, variance coefficient (V.C.) of 0.281, with 3 ppm as the lowest value 
and 666 000 ppm as the highest. 
The spatial distribution functions associated to surface sampling are log-normal 
type, figured out from the 37 field samples (Figure 3). The associated variogram 
was simulated in the four orthogonal directions (East-West; North-South; 
Northeast-Southwest; and Northwest-Southeast). Consequently the variogram 
calculated for TPH is of Spherical type: G (h) = 11+ 12 (1.5(h/200) – 0.5(h/200)3) 
for h £ 200 m and h ³ 200 m. The variogram that drives this phenomenon is G (h) 
= 11+ 12 = 23 ppm2 (Figure 4). It is possible to recognize in NE-SW direction 
spatial periodical oscillations with 95 m mean wavelength. The map for spatial 
distribution of TPH shows a series of high values of 200 000 ppm oriented in NW-
SE direction (Figure 4). 
Same topographic coordinates as in the last survey were taken for this part at a 
depth of 50 cm, with 37 samples and with a muestral mean of 9.53 ppm, variance 
of 13.58 ppm2, the variance coefficient (V.C.)  is 0.386, a minimum of 2 ppm and 
551 000 ppm as a maximum. The spatial distribution function is log-normal and 
the associated variogram is spherical G(h) = 7.5+ 16 (1.5(h/200) – 0.5(h/200)3) for 
h £ 200 m and h ³ 200 m; variogram is G(h)=7.5+ 16 = 23.5 ppm2 (Figure 5) where 
all directions of the variogram show periodic spatial oscillations with 45 m mean 
wavelength. In the TPH spatial distribution map it is possible to see highs of 200 
000 ppm oriented NW-SE (Figure 6).  


