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Abstract

The Losero Formation has made an important contribution to the cultural 

̶-Łや ̶°ªæı²Øª²³°̶œや æØ°ı²̶ºØや ©Œや(³̶-̶ł³̶²©や ªı²½╆や 5æØや º°ØØ-や ª©œ©°や ̶m°̶ª²ıµØや
appearance of this stone and its ease to be worked adds a number of signi-

Rª̶-²や œ̶-Łß̶°ø±や ©Œや(³̶-̶ł³̶²©や ªı²½╆や *²や¹̶±や ²æØやß©±²や ıß¬©°²̶-²や -̶²³°̶œや
Æ³ıœŁı-ºや±²©-Øやı-や²æØや(³̶-̶ł³̶²©やı-や²æØや97***や̶-Łや9*9やªØ-²³°ıØ±╆や5æØや-©±Ø-

ro Formation is generally used as load-bearing material and, due to its 

œ©¹Ø°や¬©°©±ı²½╇や̶±やÆ̶±̶œや Œ̶ªı-º±や©Œや ²æØやØ¼̶ßı-ØŁやÆ³ıœŁı-º±╆や *²や̶œ±©や°Ø¬°Ø-

sents the main architectural elements in Guanajuato city, which is conside-

red a world heritage site. After almost a century of exposure, the Losero 

'©°ß̶²ı©-や¬°Ø±Ø-²±や̶や¬°©º°Ø±±ıµØやŁØª̶½やı-やß̶-½やÆ³ıœŁı-º±や〉ª©°°©±ı©-╇や±ª̶-

œı-º╇や±¬̶œœı-ºやœıªæØ-±╇や̶-Łやª°̶ªøやŒ©°ß̶²ı©-《╆や*-や±©ßØやª̶±Ø±や¬̶°²ı̶œや̶-Łや²©²̶œや
°Ø¬œ̶ªØßØ-²±やæ̶µØやÆØØ-や±³ªªØ±±Œ³œや ı-や ²æØや°Ø±²©°̶²ı©-や¹©°ø╇や̶や¬°©¬Ø°や³--

ŁØ°±²̶-Łı-ºや©Œや²æØやª̶³±Øや©ŒやŁØª̶½やı±や-ØªØ±±̶°½やŒ©°やª©-±Ø°µ̶²ı©-や¬³°¬©±Ø±や
̶-Łや°Ø±²©°̶²ı©-やßØ²æ©Ł©œ©ºıØ±╆や5æı±や¬̶¬Ø°や°Ø¬©°²±や²æØやR-Łı-º±や©Œや̶や¬Ø²°©-

physical study of the eight lithofacies most used of the Losero Formation 
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in the restoration and construction of monuments in the city of Guanajuato 

〉-©±や.©°̶Ł©±╇や-̶や7Ø²̶╇や$©œØ²©╇や&œや#œ̶-®³ı²©╇や&œや.©½ØłŸ-╇や&œや7Ø°ŁØ╇や-̶や1Ø°-
œ̶╇や̶-Łや-̶や$Øß̶《╇や²æØや-̶ßØ±や̶±±ıº-ØŁや²©や²æØやœı²æ©Œ̶ªıØ±や̶°Øやı-Œ©°ß̶œや̶-Łや
¹Ø°Øやª̶œœØŁや±©やÆ½やœ©ª̶œや±²©-Øß̶±©-±╆や5æı±やœı²æ©Œ̶ªıØ±や¹Ø°Øやı-µØ±²ıº̶²ØŁやÆ½や
²æØや²Øªæ-ı®³Ø±や©Œや©¬²ıª̶œやßıª°©±ª©¬½╉や9ま°̶½やŁıT°̶ª²ı©-や̶-Łや4ª̶--ı-ºや&œØª-

²°©-や .ıª°©±ª©¬½や 〉4&.《や ̶-Łや ¬æ½±ıª̶œや ¬°©¬Ø°²ıØ±や 〉³-ı̶¼ı̶œや ª©ß¬°Ø±±ıµØや
strength, capillarity water absorption, apparent and real density, total po-

rosity) and durability using the salt crystallization test. The analytical re-

sults support that La Veta is the best lithofacie of Losero Formation which 

ß̶ŁØやı²や̶-やıŁØ̶œやß̶²Ø°ı̶œやŒ©°やª©œ³ß-±╇や¬ØŁØ±²̶œ±╇や±²̶ı°ª̶±Ø±╇やS©©°ı-º╇や¹æıœØや
²æ̶²や©Œや-̶や$Øß̶やª̶--©²やÆØや³±ØŁや̶±や¬ıœœ̶°±╇やÆ̶œª©-ıØ±╇や̶-ŁやS©©°±╆や5æØや¬°Ø-

±Ø-ªØや©Œやª̶œªı²Øや̶-Łやø̶©œı-ı²Øやı-や-̶や7Ø²̶や̶-Łや-̶や$Øß̶や¹̶±や-©²やŒ̶µ©°̶ÆœØやŒ©°や
©³²Ł©©°や³±Ø╆や-̶や1Ø°œ̶╇や&œや.©½ØłŸ-や̶-Łや$©œØ²©╇や¹Ø°ØやŒ©³-Łや²©やÆØや̶-やıŁØ̶œや
ß̶²Ø°ı̶œやŒ©°やª©œ³ß-±╇や¬ØŁØ±²̶œ±╇や±²̶ı°ª̶±Ø±╇やS©©°ı-º╆や-©±や.©°̶Ł©±╇や&œや#œ̶--

®³ı²©╇や̶-Łや&œや7Ø°ŁØやØ¼æıÆı²ØŁやœ©¹や±²°Ø-º²æや̶-ŁやŁ³°̶Æıœı²½やµ̶œ³Ø±や±©やª̶--©²や
ÆØや³±ØŁや̶±や¬ıœœ̶°±╇やÆ̶œª©-ıØ±╇や̶-ŁやS©©°±╆や5æØ±Øやß̶²Ø°ı̶œ±╇や-©²¹ı²æ±²̶-Łı-ºや
²æØı°やŁıTØ°Ø-²やÆØæ̶µı©°や ²©¹̶°Ł±やŁØª̶½や̶ºØ-²±╇や̶°Øや̶œœや̶TØª²ØŁやÆ½や±ıßıœ̶°や
weathering typologies that, in order of importance and extension are: back 

¹Ø̶²æØ°ı-º╇やÆ°Ø̶øや©³²╇やŁı±ª©œ©°̶²ı©-╇や±©ıœı-º╇やœıªæØ-や̶-ŁやR±±³°Ø±╆や5æØや°̶²Øや
of decay depends on the textural fabric properties of the lithofacies, on the 

¬©œœ³²ı©-やS³¼Ø±や̶-Łや©-や²æØやØ-µı°©-ßØ-²̶œや±Ømı-ºや〉̶ı°や¬©œœ³²ı©-╇やßØ²Ø©°©-

logical and micro-climatic conditions). The results obtained make it possi-

ble to choose suitable lithofacies for the replacement and substitution in 

the restoration processes in monument of the Guanajuato city.

Resumen

La Formación Losero juega un papel muy importante en la contribución al patrimo-

nio cultural y arquitectónico de la ciudad de Guanajuato debido a su atractivo color 

verde y su facilidad para ser trabajada. La Formación Losero fue la piedra natural de 

construcción más importante durante los siglos XVII y XIX en la ciudad de Guana-

juato, representa el principal elemento arquitectónico de la ciudad, la cual se con-

sidera Patrimonio de la Humanidad. Después de casi un siglo de exposición, la 

'©°ß̶ªıŸ-や-©±Ø°©や¬°Ø±Ø-²̶や³-やŁØ²Ø°ı©°©や¬°©º°Ø±ıµ©やØ-やß³ªæ©±やØŁıRªı©±やŁØやœ̶やªı³Ł̶Łや
(corrosión, descamación, exfoliación, líquenes y formación de grietas). En la ma- 

yoría de los casos, el reemplazo total o parcial de estas rocas en los trabajos de restau-

ración no ha tenido éxito, por lo que es necesario tener una comprensión adecuada de 

las causas que provocan el deterioro de dichas rocas para posteriormente proponer 

metodologías para su conservación y restauración. En este trabajo se presentan los 

resultados de un estudio petrofísico de las ocho litofacies más usadas de la Formación 

Losero en la restauración y construcción de monumentos en la ciudad de Guana-

juato (Los Morados, La Veta, Coleto, El Blanquito, El Moyejón, El Verde, La Perla y 

La Cema), los nombres de las litofacies son informales y fueron denominados así por 

los canteros locales. Estas litofacies fueron investigadas por las técnicas de mi-

croscopía óptica, difracción de rayos X, microscopía electrónica de barrido (SEM) y 

propiedades físicas (resistencia a la compresión uniaxial, absorción de agua por cap-

ilaridad, densidad aparente y real, porosidad total y durabilidad usando la prueba de 

ª°ı±²̶œı¾̶ªıŸ-や ŁØや ±̶œØ±《╇や ª©-や œ̶や R-̶œıŁ̶Łや ŁØや ª©-©ªØ°や ½や ª©ß¬°Ø-ŁØ°や œ̶±や ª̶³±̶±や ®³Øや
provocan el deterioro de dicho material y proponer un mejor uso de éstas. Los resul-

tados obtenidos demuestran que de las ocho litofacies estudiadas, La veta es la mejor 

litofacie de la Formación Losero, para utilizarse en columnas, pedestales, escaleras, 

pisos y zócalos, mientras que La Cema no es recomendable en pilares, balcones y pi-

Descriptores: 

̋ Formación Losero

̋ ciudad de Guanajuato

̋ petrografía

̋ petrofísica

̋ construcción y restauración
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Introduction

(³̶-̶ł³̶²©やªı²½やŁ³°ı-ºや²æØやª©œ©-ı̶œや¬Ø°ı©Łや97*や²©や9*9や
centuries was one of the most important cities in New 

4¬̶ı-やØª©-©ßıª╇や¬©œı²ıª̶œや̶-Łや±©ªı̶œや²©やÆØª©ßØや²æØやß©±²や
ıß¬©°²̶-²やßı-ı-ºや ªØ-²Ø°や ©Œや/Ø¹や 4¬̶ı-╆や 5©Ł̶½╇や (³̶-

najuato is the main mining area characterized by its 

¬°©Ł³ª²ı©-や ©Œや º©œŁま±ıœµØ°や 〉'ıº³°Øや ｱ《╆や /ı-Ø²ØØ-²æや ªØ--

tury architecture in Guanajuato city was mainly 

neoclassical, the abundance of excellent material, obtai-

ned from the hills that the city itself merely adjusting 

²æØやŒ̶µ©°ØŁや̶°ªæı²Øª²³°̶œや±²½œØ╆や

sos. La presencia de calcita y caolinita en La Veta y La Cema no la hacen favorable 

para usarla en exteriores. La Perla, El Moyejón y Coleto, constituyen un material 

ideal para columnas, pedestales, escaleras y pisos. Los Morados, El Blanquito y El 

Verde no son recomendables para uso en pilares, balcones y pisos debido a su baja 

resistencia y dureza. Estos materiales, a pesar de su diferente comportamiento, se 

ven afectados por factores similares de desgaste que, en orden de importancia y ex-

²Ø-±ıŸ-や±©-╈やı-²Øß¬Ø°ı±ß©╇や°³¬²³°̶╇やŁØª©œ©°̶ªıŸ-╇や±³ªıØŁ̶Ł╇やœç®³Ø-Ø±や½やR±³°̶±╆や-̶や
tasa de deterioro depende de las propiedades de las litofacies, de la contaminación y 

ŁØやœ̶やª©-Rº³°̶ªıŸ-やŁØœやßØŁı©や̶ßÆıØ-²Øや〉ª©-²̶ßı-̶ªıŸ-やŁØœや̶ı°Ø╇やœ̶±やª©-Łıªı©-Ø±やßØ-
teorológicas y micro-climáticas). Los resultados obtenidos permiten seleccionar la 

litofacie adecuada para el reemplazo y sustitución en los procesos de restauración de 

ØŁıRªı©±や½やß©-³ßØ-²©±やØ-やœ̶やªı³Ł̶ŁやŁØや(³̶-̶ł³̶²©╆

Hkiwtg"30"Umgvej"ocr"qh"vjg"Iwcpclwcvq"
ctgc<"c+"Nqugtq"Hqtocvkqp swctt{."Xkc"
Godclcfqtcu="d+"Kipkodtkvg"cpf"tj{qnkvg"
vwhh"qwvetqr."Egttq"Nc"Dwhc"nqecnkv{
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"ªª©°Łı-ºや ²©や"œª©ªØ°や 〉ｱｹｸｳ《や ²æØや-©±Ø°©や'©°ß̶²ı©-や
¹̶±やµØ°½や¹ıŁØœ½やŁıT³±ØŁやı-や²æØやªı²½や©Œや(³̶-̶ł³̶²©╇やØ±-
¬Øªı̶œœ½や³-²ıœや²æØやÆØºı--ı-ºや²æØや97**や̶-Łや9*9やªØ-²³°ıØ±╆や
5æØや ®³̶°°½ı-ºや ̶ª²ıµı²½や ©Œや (³̶-̶ł³̶²©や ªı²½や¹̶±や R°±²œ½や
Ø±²̶Æœı±æØŁや Æ½や ²æØや µıœœ̶ºØ°±や ²©や Æ³ıœŁや Œ©°²±や ̶-Łや ©²æØ°や
Æ³ıœŁı-º±やŁ³°ı-ºや²æØや97*やªØ-²³°½や〉"œª©ªØ°╇やｱｹｸｳ《╆や5æØや
maximum stone exploitation was reached during the 

1©°R°ı̶²©╇や ¹æØ-や (³̶-̶ł³̶²©や ªı²½や ¹̶±や ¬°ØŒØ°°ØŁや Æ½や
±ª³œ¬²©°±や±³ªæや̶±や+Ø±1±や$©-²°Ø°̶±╇や+©±Ôや.̶°ç̶や/©°ıØº̶や
̶-Łや"-²©-ı©や3ıµ̶±や.Ø°ª̶Ł©╆や *²±や Ø¼¬œ©ı²̶²ı©-や ̶-Łや ³±Øや
gradually waned in the second half of XX century, be-

ª̶³±Øや̶²や²æ̶²や²ıßØや±³¬¬œıØŁや²æØやœ©ª̶œやß̶°øØ²や〉#̶°̶ł̶±やet 

al╆╇やｱｹｸｱ《╆や5©Ł̶½╇やı²やæ̶±や°Øºı±²Ø°ØŁや±ı¼や®³̶°°ıØ±や〉'ıº³°Øやｱ《や
©-Øや©Œや¹æıªæやı±や̶ª²ıµØ╇や²æØや$Ø°°©や5Ø¬©¾À-╇や8æØ°Øや±²©-Øや
is extracted for the restoration of monuments and cons-

²°³ª²ı©-や©ŒやÆ³ıœŁı-º±や〉'ıº³°Øやｲ《╆や
Among the numerous construction sites in Gua-

najuato city in which Losero Formation has been em-

¬œ©½ØŁ╇や ²æØや ｠(³̶-̶ł³̶²©や 6-ıµØ°±ı²½や 〉9*9や ªØ-²³°½《を╇や
｠#ØœØ-や ªæ³°ªæや 〉97***や ªØ-²³°½《╇や ｠²æØや ª©ß¬̶-½や ªæ³°ªæ╇や

〉97***やªØ-²³°½《を╇や｠"œæ©-Łıº̶やŁØや(°̶-̶Łı²̶±や〉97***やªØ--

²³°½《を╇や｠1°ı-ªı¬̶œや5æØ̶²Ø°や〉9*9やªØ-²³°½《をや̶-Łや｠²æØや+³À-

°Ø¾や5æØ̶²Ø°や〉9*9やªØ-²³°½《を╇や〉'ıº³°Øやｳ《╆や5æØ±Øやß̶²Ø°ı̶œ±╇や
¹æıªæや̶°Øや±²ıœœやÆØı-ºや®³̶°°ıØŁ╇や̶°Øや¬°Ø±Ø-²œ½やµ̶œ³ØŁやŒ©°や
color, physical and mechanical properties and the ease 

to be worked. Nowadays, many problems are reported 

¹ı²æや²æØや°Ø±²©°̶²ı©-╇やª©-±Ø°µ̶²ı©-や̶-Łやª©-±²°³ª²ı©-や-©-

±Ø°©や'©°ß̶²ı©-や 〉ª©°°©±ı©-╇や ±ª̶œı-º╇や ±¬̶œœı-ºや̶-Łやª°̶ªøや
Œ©°ß̶²ı©-《や〉'ıº³°Øやｳ《╆や

The causes and mechanisms of the breakdown of 

Losero Formation are not fully understood. Optical mi-

ª°©±ª©¬½╉や9ま°̶½やŁıT°̶ª²ı©-や̶-Łや4ª̶--ı-ºや&œØª²°©-や.ı-
ª°©±ª©¬½や〉4&.《╇やæ̶µØやÆØØ-や³±ØŁやı-や²æØやª³°°Ø-²や±²³Ł½や²©や
ı-µØ±²ıº̶²Øや²æØや-̶²³°Øや©Œや²æØやŁØª̶½や¬°©ªØ±±や©Æ±Ø°µØŁやŒ©°や
Losero Formation. Although it is a widely used mate-

°ı̶œや ı-や (³̶-̶ł³̶²©や ªı²½や ̶°ªæı²Øª²³°̶œや æØ°ı²̶ºØ╇や œımœØや ı±や
know of their petrophysical and mineralogy characte-

ristic. Therefore, the aim for this research is mineralogi-

cal and petrophysical characterizations of the Losero 

Formation to understand and diagnose the present de-

A) B)

C) D)

E) F)

Hkiwtg"40"Egttq"Vgrq¦ƒp"swctt{"cpf"vjg"
gzvtcevkqp"qh"vjg"Nqugtq"Hqtocvkqp."
c+"Egttq"Nc"Dwhc."d+"Egttq"Vgrq¦ƒp"
swctt{."e.f."g."h+"Kpukfg"vjg"Egttq"Vgrq¦ƒp"
swctt{
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fects associated with the corrosion, scaling, spalling 

̶-Łや ª°̶ªøや Œ©°ß̶²ı©-や ̶-Łや Øµ̶œ³̶²Øや ı²±や ¬°©¬Ø°²ıØ±や Œ©°や
Æ³ıœŁı-ºやß̶²Ø°ı̶œ±やŒ©°や²æØやª©-±Ø°µ̶²ı©-や̶-Łや°Ø±²©°̶²ı©-や
of the monuments. 

Losero formation geology

5æØ°Øや̶°Øや±ØµØ°̶œやºØ©œ©º½や¹©°ø±や²æ̶²やßØ-²ı©-や²æØや-©±Ø-

°©や'©°ß̶²ı©-╇やŒ©°やØ¼̶ß¬œØ╇や0°©¾ª©や〉ｱｹｲｱ《╇やŁØ±ª°ıÆØŁや²æØや
Losero as greenish sandstone detrital deposits formed 

Æ½や ²æØや ¹̶²Ø°まª̶°°½ı-ºや ©Œや µ©œª̶-ıªや ²³T╆や (³ı¾̶や et al. 

〉ｱｹｴｹ《╇や ßØ-²ı©-±や ²æ̶²や ±³ªæや ±²©-Øや ı±や °æ½©œı²ıªや µ©œª̶-ıªや
ash, of uniform grain similar to the sandstone, are of 

µ̶°½ı-ºやª©œ©°±やŒ°©ßやœıºæ²やº°ØØ-や²©や¬ı-øやı±や̶¬¬°Øªı̶²ØŁや
by the beautiful aspect was preferred as construction 

ß̶²Ø°ı̶œ╆や5æØや²æıªø-Ø±±や©Œや-©±Ø°©や'©°ß̶²ı©-やµ̶°ıØ±やÆØ²-

¹ØØ-やｱｲや̶ -ŁやｳｰやßØ²Ø°±や±³ÆßımØŁや©-や²æØや°ØŁや$©-ºœ©ßØ-

°̶²Ø╆や4ªæ³œ¾Øや〉ｱｹｵｳ《やßØ-²ı©-±や²æ̶²や-©±Ø°©や'©°ß̶²ı©-やı±や
̶や²³T̶ªØ©³±やŁØ¬©±ı²や¬°©Ł³ª²やŒ°©ßや²æØや̶ ®³Ø©³±まıº-Ø©³±╆
Randal et al╆や〉ｱｹｹｴ《╇やßØ-²ı©-±や²æ̶²や²æØや-©±Ø°©や'©°ß̶²ı©-や
ı±や̶やº°ØØ-や²³T̶ªØ©³±や±̶-Ł±²©-Øや©Œやｲｵやßや©Œや²æØや²æıªø-Ø±±╇や
is of early Oligocene, because of its stratigraphic posi-

²ı©-や¹ı²æや²æØや(³̶-̶ł³̶²©やª©-ºœ©ßØ°̶²Ø╉やŒ©°や"°̶-Ł̶やet 

al╆や〉ｲｰｰｳ《╇や²æØや-©±Ø°©や'©°ß̶²ı©-やı±や¬°ı-ªı¬̶œœ½やß̶ŁØや³¬や
©Œや±³Æ̶Ø°ı̶œや¬½°©ªœ̶±²ıªや±³°ºØやœ̶½Ø°±や̶-Łや©Œや²³T±や©Œや³--

ªØ°²̶ı-やØ°³¬²ıµØや±²½œØやŁØ¬©±ı²ØŁやı-や〉̶-Łやœ©ª̶œœ½や°Ø¹©°-
ked by) shallow water and Randall et al╆や 〉ｱｹｹｴ《╇や ª©-ま 
±ıŁØ°ØŁや ²æØや -©±Ø°©や æ̶±や ̶や º°ØØ-や ²³T̶ªØ©³±や ±̶-Ł±²©-Ø╇や
formed in lacustrine conditions. The origin and age of 

this deposit are still debated. The occurrence of the 

ª°©±±やÆØŁŁı-º╇やœØŁや±©ßØや̶³²æ©°±や²©や̶やµØ°½やª©ß¬œØ¼やı--

terpretation of the depositional mechanism as surge 

Hkiwtg"50"c+"Dgngp"ejwtej"ockp"hcecfg"kp"
Iwcpclwcvq"ekv{0"Vjg"Nqugtq"Hqtocvkqp"
cpf"kipkodtkvg"cpf"tj{qnkvg"vwhh."d+"
C"hkuuwtg"cpf"uecnkpi"kp"vjg"Nqugtq"
Hqtocvkqp."e+"Vjg"Lwƒtg¦"Vjgcvgt."vjg"
Nqugtq"Hqtocvkqp"cpf"kipkodtkvg"cpf"
tj{qnkvg"vwhh."f+"Fkueqnqtcvkqp"cpf"uecnkpi."
vjg"Nqugtq"Hqtocvkqp."g+"Iwcpclwcvq"
Wpkxgtukv{."h+"Hkuuwtg."fgeqnqtcvkqp"cpf"
uecnkpi."vjg"Nqugtq"Hqtocvkqp."i+"Vjg"
Rtkpekrcn"Vjgcvgt."j+"Uecnkpi."vjg"Nqugtq"
Hqtocvkqp

B)

C)
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ŁØ¬©±ı²±や 〉"°̶-Ł̶や et al╆╇や ｲｰｰｳ《╆や5æØや ±²°̶²ıº°̶¬æ½や©Œや ²æØや
Losero Formation is principally made up of subaerial 

¬½°©ªœ̶±²ıªや±³°ºØやœ̶½Ø°±や̶-Łや©Œや²³T±や©Œや³-ªØ°²̶ı-やØ°³¬²ı-
µØや±²½œØやŁØ¬©±ı²ØŁやı-や〉̶-Łやœ©ª̶œœ½や°Ø¹©°øØŁやÆ½《や±æ̶œœ©¹や
¹̶²Ø°や〉"°̶-Ł̶ et al╆╇やｲｰｰｳ《╆や5¹©や±²°̶²ıº°̶¬æıªやœØµØœ±やª̶-や
ÆØやªœØ̶°œ½やŁı±²ı-º³ı±æØŁや〉'ıº³°Øやｴ《╆や

6±ı-ºや²æØやªœ̶±±ıRª̶²ı©-や©Œやœı²æ©Œ̶ªıØ±╆や5æØやœ©¹Ø°やœØ-

µØœや〉̶Æ©³²やｵß《やı±やªæ̶°̶ª²Ø°ı¾ØŁやÆ½やœı²æ©Œ̶ªıØ±や(ßや〉ªœ̶±²ま
±³¬¬©°²ØŁやß̶±±ıµØやº°̶µØœ《╇や4æや〉±̶-Ł╇やR-Øや²©やª©̶°±Øや¹ı²æや
æ©°ı¾©-²̶œやœ̶ßı-̶²ı©-《╇や4²や〉±̶-ŁやR-Øや²©やµØ°½やª©̶°±Øや¹ı²æや
œ©¹や ̶-ºœØや 〉┗や ｱｵ┱《や ª°©±±や ÆØŁ《や ̶-Łや 'ßや 〉.³Ł╇や ±ıœ²や ¹ı²æや
ŁØ±ıªª̶²ı©-やª°̶ªø±《╇や °Ø¬°Ø±Ø-²ØŁやÆ½や-©±や.©°̶Ł©±╇や̶-Łや
-̶や7Ø²̶やœı²æ©Œ̶ªıØ±や〉5̶ÆœØやｱ《╆や5æØやœ̶½Ø°ı-ºや³±³̶œœ½やª©--

±ı±²±や©ŒやÆØŁ±や©Œやª©̶°±Øや̶-ŁやR-Øや±̶-Ł╆や5æØ±Øや³-ı²±やŒØ̶²³°Øや

cross lamination and horizontal laminated associated 

with polygonal cracks caused by desiccation. The up-

¬Ø°やœØµØœや〉̶Æ©³²やｲｵやß《やı±やªæ̶°̶ª²Ø°ı¾ØŁやÆ½やœı²æ©Œ̶ªıØ±や4ºや
〉±̶-ŁやR-Øや²©やµØ°½やª©̶°±Ø《╇や4æや〉±̶-Ł╇やR-Øや²©やª©̶°±Øや¹ı²æや
æ©°ı¾©-²̶œやœ̶ßı-̶²ı©-《╇や°Ø¬°Ø±Ø-²ØŁやÆ½や$©œØ²©╇や&œや#œ̶--

®³ı²©╇や&œや.©½ØłŸ-╇や&œや7Ø°ŁØ╇や-̶や1Ø°œ̶╇や̶-Łや-̶や$Øß̶や〉5̶-

ÆœØやｱ《╆や5æØやœ̶½Ø°ı-ºやª©-±ı±²±や©ŒやÆØŁ±や©ŒやR-Øや±̶-Łや©Œやº°ØØ-や
color and horizontal lamination. Ornamental stone 

®³̶°°½ı-ºやæ̶±や̶œ¹̶½±やÆØØ-や©-Øや©Œや(³̶-̶ł³̶²©やß©±²やıß-

¬©°²̶-²や̶-ŁやŁ½-̶ßıªやı-Ł³±²°ıØ±╆や2³̶°°ıØ±や¹Ø°Øや±ª̶mØ-

°ØŁや̶ª°©±±や ²æØや̶°Ø̶やŁØœıßı²ØŁやÆ½や²æØや ²©¹-±や©Œや や$̶œŁØま 
rones, and Guanajuato, although most of the Losero 

'©°ß̶²ı©-や¹̶±や®³̶°°ıØŁや¹ı²æı-や ²æØやß³-ıªı¬̶œやŁı±²°ıª²や
©Œや(³̶-̶ł³̶²©や〉'ıº³°Øやｱ《╆

Hkiwtg"60"Uvtcvkitcrjke"tgeqpuvtwevkqp"qh"
vjg"Nqugtq"Hqtocvkqp"kp"Iwcpclwcvq"ekv{
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Methodology

5æØや°Ø±Ø̶°ªæや¹̶±やŁØµØœ©¬ØŁやı-や²¹©やŁı±²ı-ª²や¬æ̶±Ø±╈や²æØや
R°±²や©-Øや¹̶±や̶ıßØŁや̶²や±³°µØ½ı-ºや²æØやœı²æ©Œ̶ªıØ±やßı-ØŁや
ı-や²æØや®³̶°°ıØ±や̶¬¬œ½ı-ºや¬Ø²°©º°̶¬æ½や̶-Łやßı-Ø°̶œ©º½╇や
the second is the application of mechanical and physi-

cal parameters of the materials sampled, such as: physi-

ª̶œや²Ø±²±や〉ª̶¬ıœœ̶°ı²½や¹̶²Ø°や̶ Æ±©°¬²ı©-╇や̶ ¬¬̶°Ø-²や̶ -Łや°Ø̶œや
ŁØ-±ı²½╇や²©²̶œや¬©°©±ı²½《╉やßØªæ̶-ıª̶œや²Ø±²や〉³-ı̶¼ı̶œやª©ß-

¬°Ø±±ıµØや ±²°Ø-º²æ《╇や Ł³°̶Æıœı²½や 〉±̶œ²や ª°½±²̶œœı¾̶²ı©-や ª½-

ªœØ±《や²©やØµ̶œ³̶²Øや²æØı°や³±Øやı-やª©-±²°³ª²ı©-や̶ -Łや°Ø±²©°̶²ı©-や
of monuments.

Rgvtqitcrj{

1Ø²°©º°̶¬æıªや ı-µØ±²ıº̶²ı©-±や©Œや ²æØや œı²æ©Œ̶ªıØ±や¹Ø°Øや ª̶-

°°ıØŁや©³²やÆ½や©¬²ıª̶œやßıª°©±ª©¬½や0œ½ß¬³±や#9ｴｱや 〉0.╉や
¬œ̶-Øや̶-Łやª°©±±ØŁや¬©œ̶°ı¾ØŁやœıºæ²《╆や1Ø²°©º°̶¬æıªや̶-̶œ½-

ses were performed on sixteen thin sections.

Okpgtcnqi{"

5æØやª°½±²̶œœı-Øや¬æ̶±Ø±や ı-µØ±²ıº̶²ı©-±や©Œや ²æØや œı²æ©Œ̶ªıØ±や
¹Ø°Øやª̶°°ıØŁや©³²やÆ½や9ま°̶½やŁıT°̶ª²ı©-や〉93%《や³±ı-ºや̶や.ı-
-ıSØ¼や3ıº̶ø³やŁıT°̶ª²©ßØ²Ø°やæ̶µı-ºや$³やKcや└やｱ╆ｵｴｱｸｷｴやBや
radiation at the “Laboratory of physicをや〉6/".《╇や+³°ı®³ı-
œœ̶╇や2³Ø°Ô²̶°©╆や*-や²æı±や¬°©ªØŁ³°Ø╇や¹Øや±¬°̶½ØŁや²æØや±ı¾Øや©Œや
ｰ╆ｰｶやßıœœıßØ²Ø°±やØ̶ªæや©Œや²æØやØıºæ²やœı²æ©Œ̶ªıØ±や©Œや²æØや-©±Ø-

°©や'©°ß̶²ı©-や̶-Łや²©©øやｲｰやßºや©ŒやØ̶ªæやŒ©°やı²±や°Ø±¬Øª²ıµØや
analysis. 

Uecppkpi"gngevtqp"oketqueqr{"*UGO+

"や 5.ｱｰｰｰ╇や )ı²̶ªæıや ±ª̶--ı-ºや ØœØª²°©-や ßıª°©±ª©¬½や
〉4&.《や¹̶±や³±ØŁや²©や²Ø±²や²æØや±̶œ²やª°½±²̶œœı¾̶²ı©-やı-や²æØや±ı¼-

²ØØ-や ±̶ß¬œØ±╆や 4ß̶œœや ±̶ß¬œØ±や ²°Ø̶²ØŁや ¹ı²æや ±©Łı³ßや
±³œ¬æ̶²Øや¹Ø°Øや ª©̶²ØŁや¹ı²æや ª̶°Æ©-や¬©¹ŁØ°や ²©や¬°ØµØ-²や
ªæ̶°ºØま³¬や©-や²æØや±¬ØªıßØ-や±³°Œ̶ªØや̶-Łや¬°©µıŁØや̶や²æı-や
conducting layer to the specimen. 

Physical test

Ecrknnctkv{"ycvgt"cduqtrvkqp"

The amount of water absorbed as a function of time was 

ßØ̶±³°ØŁや̶ªª©°Łı-ºや²©や²æØや&³°©¬Ø̶-や±²̶-Ł̶°Łや/©°ß̶や
6/&ま&/や ｱｹｲｵ╇や 〉ｱｹｹｹ《╆や 5æØや ±ı¼²ØØ-や ±¬ØªıßØ-や³±ØŁや Œ©°や
²æı±や ²Ø±²や æ̶Łや ̶や ª³Æıªや ±æ̶¬Øや 〉ｵªßや¼や ｵªßや¼や ｵªß《や ̶-Łや ̶や
±³°Œ̶ªØや〉ßd《やß̶±±や©ŒやŁ°½や±̶ß¬œØやı-やº°̶ß±╉や〉ßi) masses 

©Œや±̶ß¬œØやŁ³°ı-ºや²Ø±²やı-やº°̶ß±╉や〉"《や̶°Ø̶や©Œや²æØやŒ̶ªØや³--

der water in mｲ╉や〉²ı《や²ıßØやØœ̶¬±ØŁや±ı-ªØや²æØや±²̶°²や©Œや²æØや
²Ø±²や³-²ıœや²æØや²ıßØや¹æØ-や²æØやß̶±±Ø±や〉ßi) are measured 

±³ªªØ±±ıµØ╇やı-や±Øª©-Ł╉や〉$ｱ《やª©ØUªıØ-²や©Œや¹̶²Ø°や̶Æ±©°¬-

tion by capillary perpendicular to the plane of anisotro-

py of the stone, in g/mｲ.sｰ╆ｵ╉や 〉$ｲ《や ª©ØUªıØ-²や ©Œや ¹̶²Ø°や
absorption by capillary parallel to the plane of anisotro-

Lithofacie 4̶-Ł±²©-Øや5½¬Øや〉1Ømıłæ©-《 '°Ø±æや$©œ©° "ºØŁや$©œ©° &¼̶ß¬œØ±

-̶や$Øß̶ Lithic
arkose

Yelow to white
#°©¹-╇や8æı²Øや²©やµØ°½や

pale yellow
%©ßØ±²ıªのœ̶-Ł±ª̶¬ı-ºや³±Ø±や
including tiles

-̶や1Ø°œ̶ Lithic
arkose

Green 4²̶ÆœØ %©ßØ±²ıªのœ̶-Ł±ª̶¬ı-ºややªœ̶ŁŁı-ºや
uses, window sills, statues

&œや7Ø°ŁØ Feldspathic litharenite
Green 4²̶ÆœØ

#ØœØ-やªæ³°ªæ╇や$©ß¬̶-½やªæ³°ªæ╇や
±²̶ı°¹̶½±や(³̶-̶ł³̶²©や³-ıµØ°±ı²½╇や
window sills.

&œや.©½Øł©- Feldspathic litharenite
Green to cream 8æı²Øや²©や¬̶œØやº°ØØ- Landscaping stone, walls

&œや#œ̶-®³ı²© Lithic
arkose

Green to white
8æı²Øや²©やµØ°½や¬̶œØや

green
%©ßØ±²ıªのœ̶-Ł±ª̶¬ı-ºや³±Ø±╇

$©œØ²© Feldspathic litharenite
Green

4²̶ÆœØや²©やµØ°½や¬̶œØや
green 

&¼²Ø°ı©°や¬̶-Øœı-º

La Veta Litharenite Green to red 4²̶ÆœØ
.̶-½や(³̶-̶ł³̶²©やÆ³ıœŁı-º±╈や
(³̶-̶ł³̶²©や6-ıµØ°±ı²½╇や"œæ©-Łıº̶や
ŁØや(°̶-̶Łı²̶±╇や+³À°Ø¾や²æØ̶²Ø°╆や

-©±や.©°̶Ł©± Litharenite 3ØŁやµı-Ø 4²̶ÆœØや²©やµØ°½や¬̶œØや°ØŁ &¼²Ø°ı©°や¬̶-Øœı-º╇や¹̶œœ±╇やS©©°±

Vcdng"30"Encuukhkecvkqp"qh"Nqugtq"Hqtocvkqp"dcugf"qp"nkvjqnqi{."eqnqt"cpf"eqnqt"ejcpig
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py of the stone, in g/mｲ.sｰ╆ｵ. The capillarity absorption 

ª©ØUªıØ-²や¹̶±や²æØやŒ©œœ©¹ı-ºや〉&®³̶²ı©-やｱ《╈や$ｱや©や$ｲ = mi 

– md / A.や┝や²i.

Crrctgpv"cpf"tgcn"fgpukv{

Apparent and real density test were carried out on six-

²ØØ-や ±¬ØªıßØ-±や ³±ØŁや ²æØや &³°©¬Ø̶-や ±²̶-Ł̶°Łや /©°ß̶や
6/&ま&/やｱｹｳｶ╇や〉ｲｰｰｶ《╆や5æØや±ı¼²ØØ-や±¬ØªıßØ-や³±ØŁやŒ©°や²æı±や
²Ø±²やæ̶Łや̶やª³Æıªや±æ̶¬Øや〉ｵªßや¼やｵªßや¼やｵªß《╆や5æØや̶¬¬̶°Ø-²や
ŁØ-±ı²½や¹̶±や²æØやŒ©œœ©¹ı-ºや〉&®³̶²ı©-やｲ《╈や1b = md / ms - mh 

〉や¬rh《╇や¹æØ°Øや〉ßd《やı±やß̶±±や©ŒやŁ°½や±¬ØªıßØ-やı-やº°̶ß±╉や〉ßs) 

ß̶±±や©Œや±̶²³°ØŁや±¬ØªıßØ-やı-やº°̶ß±╉や〉ßh) mass of the spe-

ªıßØ-やıßßØ°±ØŁやı-や¹̶²Ø°やı-やº°̶ß±╉や〉¬rh) water density in 

kilograms per cubic meter. The real density was the fo-

œœ©¹ı-ºや〉&®³̶²ı©-やｳ《╈や1r = me / Vsや〉¬rh《╇や¹æØ°Øや〉ße) is mass 

©Œやª°³±æØŁや̶ -ŁやŁ°½や±¬ØªıßØ-やı-やº°̶ß±╉や〉7s《やı±や²æØやµ©œ³ßØや
©Œやœı®³ıŁやŁı±¬œ̶ªØŁやÆ½や²æØやß̶±±やße ╉や〉¬rh) water density in 

kilograms per cubic meter.

Vqvcn"rqtqukv{

The total porosity test were carried out on sixteen spe-

ªıßØ-±や³±ØŁや ²æØや&³°©¬Ø̶-や ±²̶-Ł̶°Łや/©°ß̶や6/&ま&/や
ｱｹｳｶ╇や〉ｲｰｰｶ《╆や5©²̶œや¬©°©±ı²½や¹̶±やª̶œª³œ̶²ØŁや³±ı-ºや²æØや°Ø-

œ̶²ı©-±æı¬やÆØ²¹ØØ-や²æØやµ©œ³ßØや©Œや²æØや¬©°Ø±や〉©¬Ø-や̶-Łや
ªœ©±ØŁ《や̶-Łや²æØや̶¬¬̶°Ø-²やµ©œ³ßØや©Œや²æØや±¬ØªıßØ-╇や¹ı²æや
²æØやØ®³̶²ı©-やｴ╈や¬└や〉ｱやむや¬b / pr《や9やｱｰｰ╇や¹æØ°Øや〉¬b) is appa-

°Ø-²やŁØ-±ı²½や̶-Łや〉¬r) real density. 

Mechanical test

Wpkczkcn"eqortguukxg"uvtgpivj"

6-ı̶¼ı̶œやª©ß¬°Ø±±ıµØや±²°Ø-º²æや²Ø±²や¹Ø°Øや̶œ±©や¬Ø°Œ©°ßØŁや
ı-や©°ŁØ°や²©やŁØ²Ø°ßı-Øや²æØやß̶¼ıß³ßやµ̶œ³Øや©Œや±²°Ø±±や°Ø̶-

ªæØŁやÆØŒ©°ØやŒ̶ıœ³°Ø╆や6-ı̶¼ı̶œやª©ß¬°Ø±±ıµØや±²°Ø-º²æや〉6$4《や
²Ø±²±や¹Ø°Øやª̶°°ıØŁや©³²や©-や±ı¼²ØØ-や±¬ØªıßØ-±や³±ı-ºや²æØや&³-

°©¬Ø̶-や4²̶-Ł̶°Łや/©°ßや6/&ま&/ｱｹｲｶ╇や〉ｲｰｰｶ《╆や5æØやª³Æıªや
±̶ß¬œØ±や〉ｵªßや¼やｵªßや¼やｵªß《や¹Ø°Øやª³²や¬̶°̶œœØœや̶ -Łや¬Ø°¬Ø--

dicular to the sediment bedding in order to obtain infor-

ß̶²ı©-や ̶Æ©³²や ßØªæ̶-ıª̶œや ı±©²°©¬½╆や 5æØや ²Ø±²ı-ºや ŁØµıªØや
〉6-ıµØ°±̶œや1°Ø±±や'©°-Ø½や̶¬¬̶°̶²³±《や̶œœ©¹ØŁや̶やß̶¼ıß³ßや
̶¼ı̶œやœ©̶Łや©Œやｱｴｷｱやø/╆や5æØや̶¼ı̶œやœ©̶Łや¹̶±やı-ª°Ø̶±ØŁやª©--

²ı-³©³±œ½や̶²や̶や°̶²Øや¹ı²æı-や²æØやœıßı²±や©Œや°³¬²³°Øや〉ｱｳｳｶやø/《╆や
-©̶Łや̶-Łや±²°̶ı-や¹Ø°Øやª©-²ı-³©³±œ½や°Øºı±²Ø°ØŁ╉や±̶ß¬œı-ºや
²ıßØやı-²Ø°µ̶œや¹̶±やÆØ²¹ØØ-やｲや̶-Łやｳやßı-╆

Fwtcdknkv{"*Ucnv"et{uvcnnk¦cvkqp"vguv+

Resistance to salt crystallization was tested using the 

&³°©¬Ø̶-や4²̶-Ł̶°Łや/©°ßや6/&ま&/やｱｲｳｷｰや〉ｲｰｰｶ《╆ 4̶œ²ま

œ©̶Łı-ºや²Ø±²±やı-や²æØやœ̶Æ©°̶²©°½や¹Ø°Øやª̶°°ıØŁや©³²や²©やµØ°ıŒ½や
the weathering susceptibility of the sixteen samples. 

For this purpose crystallization tests by means of so-

dium sulphate were carried out on a number of stone 

ª³ÆØ±や〉ｵªßや¼やｵªßや¼やｵªß《╆や4²̶-Ł̶°Łや±̶œ²やª°½±²̶œœı¾̶²ı©-や
tests typically use sodium sulphate because it is the 

ß©±²やæ̶°ßŒ³œや±̶œ²╇やºØ-Ø°̶²ı-ºやµı±ıÆœØや±ıº-±や©Œや̶œ²Ø°̶²ı©-や
more rapidly than other salts. The test usually consists 

in immersing the rock wholly or partially in a solution 

containing a single salt. 

Experimental data and results 

Rgvtqitcrj{"

5æØや-©±Ø°©や'©°ß̶²ı©-や±æ©¹や̶やº°Ø̶²やŁıµØ°±ı²½やı-やº°̶ı-や
±ı¾Ø±╇やŒ°©ßやª©̶°±Øや²©やR-Øや±̶-Ł╆や5æØやº°̶ı-±やºØ-Ø°̶œœ½や̶°Øや
subrounded to angular and show a poor selection. Re-

garding to composition these sandstones are immature, 

with high contents of rock fragments in size from some 

ßıª°©ßØ²Ø°±や ³¬や ²©や ±ØµØ°̶œや ßıœœıßØ²Ø°±╆や 1Ø²°©º°̶¬æıªや
̶-̶œ½±Ø±や¹Ø°Øや¬Ø°Œ©°ßØŁや©-や±ı¼²ØØ-や ²æı-や±Øª²ı©-±╉や ²æØや
±̶ß¬œØ±やª̶ßØやŒ°©ßや²æØや®³̶°°½や$Ø°°©や5Ø¬©¾À-╆や0¬²ıª̶œや
microscopy analyses show that all the lithofacies pre-

±Ø-²や ®³̶°n╇や ŒØœŁ±¬̶°±╇や Æı©²ı²Ø╇や µ©œª̶-ıªや œı²æıª±╇や ßØ²̶-

ß©°¬æıªやœı²æıª±や̶-Łやı°©-や©¼ıŁØ±やı-や±ß̶œœや®³̶-²ı²ıØ±╆や-©±や
.©°̶Ł©±╇や$©œØ²©╇や̶-Łや-̶や1Ø°œ̶や²©やÆØやªæ̶°̶ª²Ø°ı¾ØŁやÆ½や̶や
æıºæや¬Ø°ªØ-²̶ºØや©ŒやßØ²̶ß©°¬æıªやœı²æıª±や〉ｲｰまｲｵやゾ《や̶-Łや̶や
œ©¹や¬Ø°ªØ-²̶ºØや©Œやµ©œª̶-ıªや œı²æıª±や 〉ｴまｱｵゾ《╇や̶-Łや̶やæıºæや
¬Ø°ªØ-²̶ºØや ©Œや ®³̶°nまŒØœŁ±¬̶°±や 〉ｱｵまｳｸや ゾ《╆や -̶や 7Ø²̶╇や &œや
#œ̶-®³ı²©╇や&œや.©½ØłŸ-╇や&œや7Ø°ŁØ╇や̶-Łや-̶や$Øß̶やØ¼æıÆı-
²ØŁや ̶や æıºæや ¬Ø°ªØ-²̶ºØや ©Œや ®³̶°nまŒØœŁ±¬̶°±や 〉ｱｷまｴｰゾ《╇や ̶や
œ©¹や¬Ø°ªØ-²̶ºØや©ŒやßØ²̶ß©°¬æıªやœı²æıª±や〉ｱｵまｱｹゾ《や̶-Łや̶や
œ©¹や¬Ø°ªØ-²̶ºØや©Œやµ©œª̶-ıªやœı²æıª±や〉ｴまｲｰゾ《や〉'ıº³°Øやｵ《╆や

The analyses carried out according to the method of 

%ıªøı-±©-や 〉ｱｹｸｵ《や ±æ©¹や ²æ̶²や ²æØや ±²©-Ø±や ̶°Øや ª©ß¬©±ØŁや
Ł©ßı-̶-²œ½やÆ½やß©-©ª°½±²̶œœı-Øや®³̶°nや〉ｳｵゾ《╇や,まŒØœŁ±-
¬̶°や 〉ｲｰゾ《╇や °©ªøや Œ°̶ºßØ-²±や©ŒやßØ²̶ß©°¬æıªや 〉®³̶°nı²Ø±や
〉ｱｹゾ《╇や¬æ½œœı²Ø±や 〉ｱｰゾ《《や̶-Łやµ©œª̶-ıªや 〉̶-ŁØ±ı²ıªや 〉ｱｶゾ《《╇や
̶±や̶ªªØ±±©°ıØ±やÆı©²ı²Ø±や̶-Łや©¬̶®³Øやßı-Ø°̶œ±や〉æØß̶²ı²Ø《や
〉'ıº³°Øやｵ《╆や5æØやßı-Ø°̶œや̶œ²Ø°̶²ı©-±や̶°Øやªæœ©°ı²Øや̶-Łや±Ø°ı-
ªı²Ø╆や 5æØや ß̶²°ı¼や ı±や ª©ß¬©±ØŁや ©Œや R-Øまº°̶ı-ØŁや ±ıœıª̶╆や
From petrography, the Losero Formation was identi-

RØŁや ̶±や ̶や œı²æıªや ̶°ø©±Øや ²©や œı²æ̶°Ø-ı²Ø╇や ̶ªª©°Łı-ºや ²©や ²æØや
ªœ̶±±ıRª̶²ı©-や©Œや'©œøやet al╆や〉ｱｹｷｰ《╆

Mineralogy 

$°½±²̶œœı-Øや¬æ̶±Ø±や¹Ø°ØやıŁØ-²ıRØŁや³±ı-ºや̶や.ı-ıSØ¼や3ı-
º̶ø³やŁıT°̶ª²©ßØ²Ø°やæ̶µı-ºや$³やKcや└やｱ╆ｵｴｱｸｷｴやBや°̶Łı̶-

²ı©-╆や%ıT°̶ª²ı©-やı-²Ø-±ı²½や̶±や̶やŒ³-ª²ı©-や©Œや²æØや̶-ºœØやｲs"
¹̶±やßØ̶±³°ØŁやÆØ²¹ØØ-やｵや̶-ŁやｸｰやŁØº°ØØ±や¹ı²æや̶や±²Ø¬や©Œや
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ｰ╆ｰｲや̶-Łや̶や±ª̶-や±¬ØØŁや©ŒやｲやŁØº°ØØ±や¬Ø°やßı-³²Ø╆や5æØや°Ø-

sults show that all sandstones present crystalline pha-

±Ø±や ©Œや ®³̶°nや ̶-Łや ̶œÆı²Øや ̶-Łや œØ±±Ø°や ¬°©¬©°²ı©-や ©Œや
ß³±ª©µı²Ø╆や5æØやŁıTØ°Ø-ªØやÆØ²¹ØØ-や²æØ±Øや±̶-Ł±²©-Ø±やı±や
²æØや¬°Ø±Ø-²や©Œや ª̶°Æ©-̶²Øや 〉ª̶œªı²Ø《や̶-Łやªœ̶½や 〉,̶©œı-ı²Ø《╆や
-̶や7Ø²̶や̶-Łや-̶や$Øß̶や±æ©¹ØŁやª̶œªı²Øや̶-Łやø̶©œı-ı²Øや¹æı-
œØや-̶や1Ø°œ̶╇や-©±や.©°̶Ł©±╇や$©œØ²©╇や&œや#œ̶-®³ı²©╇や&œや.©-

½ØłŸ-╇や̶ -Łや&œや7Ø°ŁØやæ̶µØや-©²や¬°Ø±Ø-²ØŁや²æØ±Øやª°½±²̶œœı-Øや
¬æ̶±Ø±や〉'ıº³°Øやｶ《╆

5æØ±Øやœı²æ©Œ̶ªıØ±や±æ©¹ØŁや±ıßıœ̶°や°Ø̶œやŁØ-±ı²½やµ̶-
œ³Ø±やı-や²Ø°ß±や©ŒやÆ³œøやŁØ-±ı²½やµ̶œ³Ø±╇や²æØや-̶や$Øß̶╇や-̶や
1Ø°œ̶╇や-©±や.©°̶Ł©±╇や̶-Łや&œや7Ø°ŁØや°̶-ºØやŒ°©ßや〉ｲ╆ｶｷや²©や
ｲ╆ｴｳやº°のªßｳ

).These lithofacies no water swelling and 
œ©¹まßØŁı³ßや¬©°©±ı²½や〉ｲ╆ｹｴむｷ╆ｵｵゾ《や²©やßØŁı³ßまæıºæや
¬©°©±ı²½や〉ｹ╆ｴｱまｱｸ╆ｵｴゾ《╆や5æØやª̶¬ıœœ̶°ı²½や¹̶²Ø°や̶Æ±©°¬-
²ı©-や °̶-ºØŁや Œ°©ßやｲ╆ｸｴゾや ı-や-̶や7Ø²̶や ²©やｴ╆ｶｳやゾや ı-や-̶や

$Øß̶╆や5æØや-̶や7Ø²̶╇や-©±や.©°̶Ł©±╇や$©œØ²©╇や̶ -Łや&œや7Ø°-
ŁØや œı²æ©Œ̶ªıØ±やØ¼æıÆı²ØŁや±ıßıœ̶°やÆØæ̶µı©°╇や¹æıªæやŁı-
TØ°ØŁや Œ°©ßや ²æØやÆØæ̶µı©°や©Æ±Ø°µØŁや ı-や&œや#œ̶-®³ı²©╇や
-̶や1Ø°œ̶╇や&œや.©½ØłŸ-╇や̶-Łや-̶や$Øß̶╆や5æØやª©ØUªıØ-²や
of water absorption by capillary perpendicular to the 
¬œ̶-Øや©Œや̶-ı±©²°©¬½や¹̶±や±ıßıœ̶°やŒ©°や$©œØ²©╇や&œや.©½Ø-
łŸ-╇や̶-Łや-̶や1Ø°œ̶╇や¹ı²æやµ̶œ³Ø±や©Œやｰ╆ｰｶやºのªßｲ. sｰ╆ｵやı-やｱｲｰや
ßı-³²Ø±や °Ø±¬Øª²ıµØœ½╇や ¹æıœØ╇や -̶や $Øß̶や ±æ©¹±や ²æØや
œ©¹Ø±²やµ̶œ³Øや〉ｰ╆ｰｴやºのªßｲ. sｰ╆ｵ《╇や̶-Łや-©±や.©°̶Ł©±╇や-̶や
7Ø²̶╇や &œや 7Ø°ŁØ╇や ̶-Łや &œや #œ̶-®³ı²©や ±æ©¹ØŁや µ̶œ³Øや ©Œや
ｰ╆ｰｵやºのªßｲ. sｰ╆ｵ 〉'ıº³°Øやｷ《╆や4œıºæ²やŁıTØ°Ø-ªØ±やÆØ²¹ØØ-や
specimens of the same lithofacies should be related 
²©や²æØやæØ²Ø°©ºØ-Øı²½や©Œや²æØやß̶²Ø°ı̶œ±╆や*²や ı±や-©²Ø¹©°-
²æ½や²æ̶²や-©や±ıº-ıRª̶-²やŁıTØ°Ø-ªØ±やı-や²æØやª©ØUªıØ-²や©Œや
water absorption by capillary parallel to the plane of 
anisotropy.
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Physic parameters

The results of the physical parameters are summarized 

ı-や5̶ÆœØやｲ╆

Mechanical parameters

5æØや°Ø±³œ²±や©Œや²æØやßØªæ̶-ıª̶œや²Ø±²±や̶ °ØやºıµØ-やı-や'ıº³°Øやｸ╆や
5æØ±Øや²Ø±²±や¹Ø°Øやª©-Ł³ª²ØŁや©-や±¬ØªıßØ-±や³±ı-ºやŁıTØ-

°Ø-²やœ©̶Łや©°ıØ-²̶²ı©-±╇や±³Æ±Ø®³Ø-²œ½やª̶°°ıØŁや©³²や̶ や±²̶²ı±-
²ıª̶œや±²³Ł½や©Œや̶-̶œ½±ı±や©Œやµ̶°ı̶-ªØや²©や̶±±Ø±±や²æØやÆØæ̶µı©°や
of the material. The results showed that the sixteen 

œı²æ©Œ̶ªıØ±や Ø¼æıÆı²ØŁや ŁıTØ°Ø-²や ÆØæ̶µı©°や ŁØ¬Ø-Łı-ºや ©-や
²æØや¬°©¬Ø°²½や²Ø±²ØŁ╆や-©±や.©°̶Ł©±╇や&œや#œ̶-®³ı²©╇や̶-Łや-̶や
$Øß̶やæ̶Łや̶やœ©¹Ø°や±²°Ø-º²æやµ̶œ³Ø±や¹æØ-や²æØやœ©̶Łや¹̶±や
̶¬¬œıØŁや¬̶°̶œœØœや²©や²æØやÆØŁŁı-ºや¬œ̶-Ø±╇や¹æıœØや&œや7Ø°ŁØ╇や
-̶や 1Ø°œ̶╇や &œや.©½ØłŸ-╇や $©œØ²©╇や ̶-Łや -̶や 7Ø²̶や ±æ©¹ØŁや ̶や
æıºæや±²°Ø-º²æやµ̶œ³Ø±╆や *±や ıß¬©°²̶-²や ²©やßØ-²ı©-や ²æ̶²や̶œœや
²æØや±̶ß¬œØ±や±æ©¹ØŁや̶やÆØmØ°や±²°Ø-º²æやµ̶œ³Ø±や¹æØ-や²æØや
load was applied perpendicular to their planes. 

Durability (Salt crystallization test)

%³°̶Æıœı²½や¹̶±やØ±²ıß̶²ØŁやı-や²æØ±Øやß̶²Ø°ı̶œ±やÆ½や±©Łı³ßや
sulphate salt crystallization. The salt crystallization test 

¹̶±や³±ØŁや ²©や Øµ̶œ³̶²ØやŁ̶ß̶ºØや ª̶³±ØŁやÆ½や ±©œ³ÆœØや ±̶œ²±や
²æ̶²や¬Ø-Ø²°̶²Øや±²©-Øや̶-Łや±³Æ±Ø®³Ø-²œ½やª°½±²̶œœı¾Øやı-やı²±や
µ©ıŁ±や〉¬©°Ø±や©°やª°̶ªø±《╆や"Œ²Ø°やｱｵや±̶œ²やª°½±²̶œœı¾̶²ı©-やª½-

cles the specimen surface was inspected for change in 

appearance. A slight weight loss and gain was recorded 

for all the sandstones when submerged in the saline so-

lution. The material released was primarily rock frag-

ßØ-²±╆や 8Øıºæ²や œ©±±や ̶-Łや º̶ı-や ı±や ºıµØ-や ı-や ²̶ÆœØや ｳや ̶±や
percentage. 

/©や¹Øıºæ²やœ©±±や¹̶±やŁØ²Øª²ØŁやı-や-̶や1Ø°œ̶╇や&œや.©½Ø-

łŸ-╇や &œや #œ̶-®³ı²©╇や $©œØ²©╇や -̶や7Ø²̶╇や ̶-Łや -©±や.©°̶Ł©±╇や
æ©¹ØµØ°や ²æØ°Øや¹̶±や ̶や¹Øıºæ²や œ©±±や ı-や-̶や$Øß̶╇や ̶-Łや&œや
7Ø°ŁØ╆や5æØ±ØやŁıTØ°Ø-ªØ±や ı-やÆØæ̶µı©°±や¹Ø°Øや̶m°ıÆ³²ØŁや
²©や²æØやŒ̶ª²や²æ̶²や°©ªøやŒ°̶ºßØ-²±やªœ³±²Ø°±やı-や-̶や$Øß̶╇や̶-Łや
&œや7Ø°ŁØや̶œ±©や²©や¬°Ø±Ø-²や̶-ı±©²°©¬½や¬œ̶-Ø╆や-̶±²œ½╇や¬©œı±-
æØŁや ±Øª²ı©-±や ©Œや ²æØや ±ı¼²ØØ-や œı²æ©Œ̶ªıØ±や ¹Ø°Øや ©Æ±Ø°µØŁや
³-ŁØ°や̶やÆı-©ª³œ̶°やßıª°©±ª©¬Ø╆や8æØ-やµıØ¹ØŁや¹ı²æや±ıŁØ-

œıºæ²╇や ²æØや ±Øª©-Ł̶°½や¬©°Øや-Ø²¹©°øやµ³º±や ̶T©°ŁØŁや Œ³°-
²æØ°や ı-±ıºæ²や ı-²©や ²æØやªœØ̶°œ½やŁıTØ°Ø-²ı̶²ØŁやÆØæ̶µı©°や©Œや
²æØや ±ı¼²ØØ-や œı²æ©Œ̶ªıØ±╆や4&.や©Æ±Ø°µ̶²ı©-±や °ØµØ̶œØŁや ²æØや
Ø¼ı±²Ø-ªØや©Œや±̶œ²±やRœœı-ºやª̶µı²ıØ±やı-や-̶や$Øß̶╇や̶-Łや&œや7Ø°-
ŁØや〉'ıº³°Øやｹ《╆や

-̶や$Øß̶ -̶や1Ø°œ̶ &œや7Ø°ŁØ &œや.©½ØłŸ- &œや#œ̶-®³ı²© $©œØ²© La Veta -©±や.©°̶Ł©±

Apparent density
〉º°のªßｳ)

ｲ╆ｶｲｱ ｲ╆ｶｷｴ ｲ╆ｴｳｶ ｲ╆ｱｷｳ ｲ╆ｳｰｶ ｲ╆ｲｱｴ ｲ╆ｴｹｱ ｲ╆ｵｳｳ

Real density
〉º°のªßｳ)

ｲ╆ｷｹ ｲ╆ｷｵｵ ｲ╆ｷｸｸ ｲ╆ｷｴｸ ｲ╆ｷｵｵ ｲ╆ｷｱｸ ｲ╆ｷｵ ｲ╆ｷｴ

"Æ±©°¬²ı©-や〉ゾ《 ｴ╆ｶｳ ｴ╆ｴｰ ｳ╆ｳｷ ｴ╆ｵｸ ｴ╆ｲｵ ｳ╆ｹｵ ｲ╆ｸｴ ｳ╆ｶｸ

$©ØUªıØ-²や©Œや¹̶²Ø°や̶Æ±©°¬²ı©-や
by capillary perpendicular to the 
¬œ̶-Øや©Œや̶-ı±©²°©¬½や〉ｱｲｰやßı-³²Ø±《
〉ºのªßｲ. sｰ╆ｵ ) 

ｰ╆ｰｴ ｰ╆ｰｶ ｰ╆ｰｵ ｰ╆ｰｶ ｰ╆ｰｵ ｰ╆ｰｶ ｰ╆ｰｵ ｰ╆ｰｵ

5©²̶œや1©°©±ı²½ ｶ╆ｰｹ ｲ╆ｹｴ ｱｲ╆ｶｲ ｲｰ╆ｹｲ ｱｶ╆ｲｹ ｱｸ╆ｵｴ ｹ╆ｴｱ ｷ╆ｵｵ

Vcdng"40"Crrctgpv"fgpukv{."Tgcn"fgpukv{."Ycvgt"cduqtrvkqp."Ycvgt"cduqtrvkqp"eqghhkekgpv"cpf"Vqvcn"rqtqukv{"qh"Nqugtq"Hqtocvkqp

Losero Lithofacies ♪.や〉ゾ《

-̶や$Øß̶や まｰ╆ｰｷ

-̶や1Ø°œ̶や ｰ╆ｲｹ

&œや7Ø°ŁØ まｰ╆ｲｴ

&œや.©½ØłŸ- ｰ╆ｶｱ

&œや#œ̶-®³ı²© ｰ╆ｷｵ

$©œØ²© ｰ╆ｵｲ

La Veta ｰ╆ｲｳ

-©±や.©°̶Ł©± ｰ╆ｳｹ
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Discussion and conclusions

"Œ²Ø°や±ØµØ°̶œやªØ-²³°ıØ±や©ŒやØ¼¬œ©ı²̶²ı©-や̶-Łや³±̶ºØやı-や²æØや
architecture of the ancient centre of Guanajuato, Losero 

Formation has been thoroughly studied here from di-

TØ°Ø-²や ¬©ı-²±や ©Œや µıØ¹╇や -̶ßØœ½やßı-Ø°̶œ©º½╇や ¬Ø²°©º°̶-

phy, and mechanical. The Losero Formation in its 

ŁıTØ°Ø-²やµ̶°ıØ²ıØ±やæ̶±やÆØØ-や¹ıŁØœ½や³±ØŁや̶ ±やÆ³ıœŁı-ºや±²©-

nes in the historical and modern architecture of Gua-

najuato city. Among them, Losero Formation certainly 

represents an important case history, as this stone was 

³±ØŁや ı-や Æ©²æやß©-³ßØ-²̶œや ̶-Łや©°Łı-̶°½や Æ³ıœŁı-º±╉や ı-や
many cases, the most used lithofacies are La Veta, La 

$Øß̶╇や ̶-Łや-̶や1Ø°œ̶╆や 5æØや °Ø±Ø̶°ªæや ØµıŁØ-ªØŁや ²æ̶²や ²æØや

³±Øや ©Œや ŁıTØ°Ø-²や œı²æ©Œ̶ªıØ±や ¹̶±や ª©-Łı²ı©-ØŁや Æ½や ²æØı°や
̶µ̶ıœ̶Æıœı²½や ̶-Łや ²æØı°や ŁıTØ°Ø-²や ¬Ø²°©¬æ½±ıª̶œや ŒØ̶²³°Ø±╆や
1Ø²°©º°̶¬æıªや̶-Łやßı-Ø°̶œ©ºıª̶œや̶-̶œ½±Ø±やª̶°°ıØŁや©³²や©-や
the Losero Formation allow us to classify the lithofacies 

as lithic arkose to litharenite. The petrographical stu-

ŁıØ±や°ØµØ̶œや±ıº-ıRª̶-²やŁıTØ°Ø-ªØ±やÆØ²¹ØØ-や²æØやœı²æ©Œ̶-

ªıØ±╆や 5æØや -̶や $Øß̶╇や ̶-Łや -̶や 1Ø°œ̶や Ø¼æıÆı²や ̶や ±ıßıœ̶°や
composition while not so with the La Veta. The high 

percentage of lithic fragments content and a low per-

ªØ-²̶ºØや©Œや®³̶°nまŒØœŁ±¬̶°±や ı-や-̶や7Ø²̶や ı±や ²æØや °Ø±³œ²や ©Œや
²°̶-±ı²ı©-̶œや̶°ªや¬°©ªØ±±Ø±や¬°©µØ-̶-ªØや〉'ıº³°Øやｵ《╇や¹æıœØや
-̶や$Øß̶や̶-Łや-̶や1Ø°œ̶やØ¼æıÆı²ØŁや̶やæıºæや¬Ø°ªØ-²̶ºØや©Œや
®³̶°nまŒØœŁ±¬̶°±や ̶-Łや ̶や œ©¹や ¬Ø°ªØ-²̶ºØや ©Œや µ©œª̶-ıªや
œı²æıª±や ±æ©¹ı-ºや ̶や Łı±±Øª²ØŁや ̶°ªや ¬°©ªØ±±Ø±や ¬°©µØ-̶-ªØや
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(Mpa)

Compressive Strength

Planes perpendicular

anisotropy(Mpa)

Los Morados

La Veta

Coleto
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55.83 86.81

62.36 98.44

65.76 76.37
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72.82 80.68
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〉'ıº³°Øやｵ《╆や'°©ßや̶やßı-Ø°̶œ©ºıª̶œや¬©ı-²や©ŒやµıØ¹╇や²æØやª̶œ-
ªı²Øや̶-Łやø̶©œı-ı²ØやØ-̶ÆœØや³±や²©やŁıTØ°Ø-²ı̶²Øや²æØや-©±Ø°©や
Formation. The presence of calcite and kaolinite in La 

7Ø²̶╇や̶ -Łや-̶や$Øß̶╇やß̶øØや²æØßや³-Œ̶µ©°̶ÆœØやŒ©°や©³²Ł©©°や
³±Ø╆や5æØやŒ̶µ©°̶ÆœØや¬Ø²°©¬æ½±ıª̶œや̶-ŁやßØªæ̶-ıª̶œや¬°©-

perties of Losero Formation explain why it is an exce-

œœØ-²や-̶²³°̶œやÆ³ıœŁı-ºやß̶²Ø°ı̶œ╆や5æØやæıºæやª©ß¬°Ø±±ıµØや
±²°Ø-º²æ╇やŁ³°̶Æıœı²½や̶-Łやª©ØUªıØ-²や©Œや¹̶²Ø°や̶Æ±©°¬²ı©-や
ı-や-̶や1Ø°œ̶╇や&œや.©½ØłŸ-╇や$©œØ²©╇や̶-Łや-̶や7Ø²̶やß̶ŁØやı²や̶-や
ideal material for columns, pedestals, staircases, 

S©©°ı-º╇や̶-ŁやÆ̶±ØÆ©̶°Ł±╇や̶±や¹Øœœや̶±やŒ©°や¬̶µØßØ-²やª©Æ-

ÆœØ±や©°やª³°Æı-º╆や-©±や.©°̶Ł©±╇や&œや#œ̶-®³ı²©╇や&œや7Ø°ŁØ╇や
̶-Łや -̶や $Øß̶や Ø¼æıÆı²ØŁや œ©¹や ±²°Ø-º²æ╇や Ł³°̶Æıœı²½や ̶-Łや
ª©ØUªıØ-²や©Œや¹̶²Ø°や̶Æ±©°¬²ı©-やµ̶œ³Ø±や±©や²æØ½やª̶--©²やÆØや
³±ØŁや ̶±や ¬ıœœ̶°±╇や Æ̶œª©-ıØ±╇や ̶-Łや S©©°±╆や &œや.©½ØłŸ-╇や &œや

7Ø°ŁØ╇や̶-Łや-̶や1Ø°œ̶や̶°Øや±³ı²̶ÆœØやŒ©°や³±Øやı-やß©-³ßØ-²±や
̶-Łや¬ıœœ̶°±や̶ ªª©°Łı-ºや²©や²æØやµØ°½やŒ̶µ©°̶ÆœØや°Ø±³œ²±や©Œや²æØや
°Ø±ı±²̶-ªØや ²Ø±²╆や 4̶œ²や ª°½±²̶œœı¾̶²ı©-╇や¹æıªæやŁØ¬Ø-Ł±や ©-や
S³ıŁや²°̶-±ŒØ°╇やØµ̶¬©°̶²ı©-や̶-Łやı©-やª©-ªØ-²°̶²ı©-やı-や²æØや
±©œ³²ı©-±╇やß̶½や ÆØや ̶TØª²ØŁや Æ½や ªœ̶½やßı-Ø°̶œや °Ø̶ª²ıµı²½╇や
°Ø±³œ²ı-ºや ı-や±ıº-ıRª̶-²や±²©-ØやŁ̶ß̶ºØや̶±や ı±や ²æØやª̶±Øや©Œや
²æØや-̶や7Ø²̶╇や̶-Łや-̶や$Øß̶╆や5æØやØıºæ²やœı²æ©Œ̶ªıØ±や©Œや²æØや
Losero Formation are recommended for both the res-

toration of historic buildings and new construction.

Acknowledgements

5æØや°Ø±Ø̶°ªæや¹̶±やª̶°°ıØŁや©³²や¹ı²æや²æØやR-̶-ªı̶œや±³¬¬©°²や
©Œや%*/10まや6-ıµØ°±ı²½や©Œや(³̶-̶ł³̶²©╇や¬°©łØª²やー ｰｰｰｴｴのｰｹ╆や
5æØや̶³²æ©°±や¹ı±æや²©や²æ̶-øや&-ºı-ØØ°や.ıº³Øœや"-ºØœや)Ø-

- 0.4

-0.2

0

0.2

0.4

0.6

0.8



Characterization petrophysical of the Losero Formation in the historical architecture of the Guanajuato city, Mexico

Ingeniería Investigación y Tecnología, volumen XIV (número 2), abril-junio 2013: 191-205 ISSN 1405-7743 FI-UNAM204

°°Ø°̶や#Ø°ß³ŁØ¾やŒ©°や²æØやßØªæ̶-ıª̶œや̶-̶œ½±ı±や¬Ø°Œ©°ßØŁや
in the Laboratory of soil mechanics, materials and 

̶±¬æ̶œ²╇や©Œや²æØや$ıµıœや&-ºı-ØØ°ı-ºや%Ø¬̶°²ßØ-²╆
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