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Abstract 
The geochemical prospection as a branch of Applied Geochemistry or “Geochemistry of the Land-
scape” studies the spatial and temporal location of geochemical anomalies in order to locate geo-
logical resources of economic value. The Ciénega de Chapala zone in Michoacán is located east of 
the Citala rift hosting a geological system that leads to regional hydrothermal activity, mainly the 
Pajacuaran and Ixtlan failures. The regional geothermics include a superficial hydrothermalism 
consisting of springs and wells of hot water with temperatures between 48˚C and 94˚C in Ixtlan de 
los Hervores and mud volcanoes in the water with temperatures between 48˚C and 94˚C in Ixtlan 
de los Hervores and mud volcanoes in the Los Negritos. The waters and gases of these hydrother-
mal manifestations have physicochemical characteristics that indicate the presence of geothermal 
fluids. To search for possible presence of minerals of economic value, a study of elemental chemi-
cal analysis was performed by scanning electron microscopy in samples of rock of the sierra de 
Pajacuaran, the result of the analysis is clearly abnormal values which may be indicative a geo-
chemical anomaly as well as the possible presence of minerals of economic value in the region. 
Given the above, the area of the Ciénega de Chapala in Michoacán is a zone where work can be 
continued both geothermal and mineralogical exploration by conventional techniques or even to-
tally innovative technologies. 
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1. Introduction 
Based on the cycles and mechanisms of distribution of chemical elements on the planet, it is possible to define 
the geochemical prospection as a branch of Applied Geochemistry or “Geochemistry of the Landscape” that 
studies the spatial and temporal location of geochemical anomalies that indicate the presence of [1] [2]: 

1) Aquifers, 
2) Mineral Deposits, 
3) Geothermal Resources, 
4) Reservoirs of fossil fuels, 
5) Anthropogenic effects. 
Based on the above, are developed methods for the study of geological objects based on geochemical and 

biogeochemical principles in search of data of abnormal presence of chemical elements (primary or secondary 
halos) forming geochemical anomalies , in order to detect economic deposits of geological resources [2] [3]. 

Under this concept, coupled with the need for raw materials has had a spectacular development of geochemi-
cal prospecting methods, which also allow the detection of anthropogenic geochemical objects [2]. 

One of these methods has not been fully exploited in geochemical prospecting is the scanning electron micro-
scopy (SEM) which is based on obtaining an image of a sample with a sweep of an electron beam. The interac-
tion between the incident electrons and the sample causes the emission of secondary electrons, backscattered 
electrons and X-rays characteristic of the elements present in the sample, which is exploited for qualitative and 
semi-quantitative chemical analysis. In SEM, different detectors collect and amplify the signal emitted by the 
surface of the sample when it is scanned by the electron beam. The intensity of the amplified signal is displayed 
on a conventional screen. Recent advances in both equipment and software make this technique a potentially 
very powerful tool and not even used in earth sciences [4]. 

2. Study Area 
2.1. Regional Geology 
The Ciénega de Chapala zone in Michoacan is located east of the Citala rift leading to graben and Chapala Lake, 
the Chapala graben is bounded by a pair of faults that allow the geothermal activity in the region: the Pajacuaran 
and Ixtlan failures [5] (Figure 1). 

The Ixtlan failure is part of the northern flank of the Chapala graben with a length of 30 kmin NW-SE align-
ment along the bed of the Duero river, the fault is visible by a serie of surface hydrothermal manifestations [6] 
[7], while the Pajacuaran failure is part of the southern edge of the graben with a length of 20 km in EW direc-
tion [7] [8]. The stratigraphy of the Pleistocene) that outcrop south of the region interspersed with lacustrine se-
diments, mainly siltstones and dolomites of Pliocene outcropping in the center west and north of the area [6] [7]. 
the Ciénega de Chapala region is characterized for periods of volcanic activity in the past, and is precisely vol-
canic activity one of the geological precursor process of both mineral deposits and geothermal resources [2], for 
it, is convenient a study of regional geochemical prospection. 

2.2. Regional Hydrothermal Activity 
The regional geothermics include a surface hydrothermal consisting of springs and wells of hot water with tem-
peratures between 48˚C - 94˚C in Ixtlan de los Hervores [7] [9] [10] and mud volcanoes in the Los Negritos [11] 
(Villamar). The waters of these hydrothermal manifestations are mainly of sodium chloride type with a boron con-
tent which indicates the presence of geothermal fluids, gases of these manifestations exhibit characteristic com-
position of geothermal gas. Geothermometers of both fluids result in average temperature of geothermal reser-
voirs (125˚C - 225˚C) for the area [7] [12] [13]. Moreover, the isotopy of water show an enrichment in oxygen 18 
(18O) typical of geothermal environments [7] [13]. All the above together features, can to indicate a geothermal 
reservoir of wide fracture (amplitude of fault greater than 100 m) of low relief with a water table of up to 3 m deep. 

2.3. Geothermal Exploration 
For the above described, Michoacán Ciénega de Chapala is an area where geothermal exploration work can to 
continue likely by conventional techniques as well as by research and development of emerging technologies 
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Figure 1. Regional geological map. 
 
such as enhanced geothermal reservoirs in hot dry rock or even technical totally innovative. 

3. Methodology 
Mineralogical Study of Regional Rock Samples by Electron Microscopy 
To search for possible presence of minerals of economic value a study of elemental chemical analysis was per-
formed by scanning electron microscopy (Figure 2, Table 1) in samples of rock of the sierra de Pajacuaran, 
showing some remarkable crystals on its structure. 

The equipment used was a scanning electron microscope JEOL model 6610OLV. 
Sample results are detailed below: 

Sample 1: 
Technical Analysis: All elements analyzed (normalized). 
Number of iterations: 4. 
Standar: 
C CaCO3 1-Jun-1999 12:00 AM 
O SiO2 1-Jun-1999 12:00 AM 
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60 μm Electron Image 1  

Figure 2. Morphology of rock sample of the sierra of Pajacuaran obtained by scanning electron microscopy. 
 

Table 1. Result of analysis. 

Element % weight % of atoms 

C K 10.14 17.02 

O K 46.13 58.16 

Na K 0.92 0.80 

Mg K 1.48 1.23 

Al K 4.04 3.02 

Si K 12.85 9.23 

P K 1.48 0.97 

S K 1.02 0.64 

Cl K 0.43 0.25 

K K 1.14 0.59 

Ca K 3.29 1.66 

Ti K 4.48 1.89 

Fe K 12.58 4.54 

Total 100.00  
 

Na Albite 1-Jun-1999 12:00 AM 
Mg MgO 1-Jun-1999 12:00 AM 
Al Al2O3 1-Jun-1999 12:00 AM 
Si SiO2 1-Jun-1999 12:00 AM 
P GaP 1-Jun-1999 12:00 AM 
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S FeS2 1-Jun-1999 12:00 AM 
Cl KCl 1-Jun-1999 12:00 AM 
K MAD-10 Feldspar 1-Jun-1999 12:00 AM 
Ca Wollastonite 1-Jun-1999 12:00 AM 
TiTi 1-Jun-1999 12:00 AM 
Fe Fe 1-Jun-1999 12:00 AM 
The result of the analysis of the rock sample of the sierra of Pajacuaran clearly indicates abnormal values 

which may be indicative of a geochemical anomaly as well as the possible presence of minerals of economic 
value in the region [2] [14] (Gass et al., 2002, Viladevall, 2008). 

4. Conclusion 
Through a study of geochemical prospection in early stage in the Cienega Chapala region of Michoacan state, 
can be identified geothermal resources in areas of Ixtlan de los Hervores and Los Negritos, Villamar, as well as 
the possible presence of iron minerals in the sierra de Pajacuaran. 
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