
Geof. Int. Vol. 18: 2, 1979, pp. 197-209 

PRELIMINARY REPORT ON THE ANALYSIS OF SOME 
"IN-HOUSE" GEOCHEMICAL REFERENCE SAMPLES 

FROM MEXICO 

RESUMEN 

JOSE PEREZ R.* 
SURENDRA PAL* 
DAVID J. TERRELL* 
JAIME URRUTIA F.* 
MARGARITAL6PEZ M.* 

(Received June 22, 19 78) 

Se colectaron 4 muestras de rocas igneas de tamaiio variable, l O a 15 kg, en diferentes localida
des de la Republica Mexicana, las cuales se trituraron y cuartearon con objeto de homogenei
zarlas. Se analizaron por diversos metodos quimicos y fisicos, determinando su composicion 
quimica tanto de elementos mayores como de varias trazas. Se ha cstablccido asi un fondo de 
rocas estandares para uso intemo de! laboratorio, ya que estas muestras se han calibrado contra 
muestras de referencia geoquirnica internacional. Se agrega una discusion de tipo petrologico y 
tectonico. 

ABSTRACT 

lO to 15 kg each of 4 samples of igneous rocks were collected from different places of Mexico, 
These were crushed and quartered in order to homogenize them and analyze their composition 
for major as well as several trace elements by chemical and physical methods. Thus a stock of 
standard rocks has been established for internal use of the laboratory because these samples 
have been calibrated against International geochemical reference samples. This report is comple
mented by a petrologic and tectonic discussion of these samples. 

* ln&tituto de Geofisica, UN AM. 

197 



198 GEOFJSJCA JNTERNACJONAL 

lNTIWDll CTION 

The need to prepare adequate reference materials for the standardization 
of instrumental analytical t echniques and interlaboratory comparison 
has long been realized. Many organizations have prepared and ' certified' 
various international geochemical reference samples (Flanagan , 1969, 
1973; Abbey , 1973, 1975, 1976; Abbey d al., 1975; Russell <~t al. , 
1968; Steale t ! t al., 1972 ; La Roche and Covindaraju , 1969, 1973, 1975; 
Roubault et al. , 1970; Ando ,·t al., 1971, 1974). 

A complete list of referen ce samples for earth sciences is given by 
Flanagan (1974). Many of these reference samples have been analyzed 
in our laboratory and results sent to respective organizations. However , 
only very limited quantities (generally less than 100 g) of these samples 
are supplied to each laboratory. Therefore for routine work with ins· 
trumental techniques which are comparative and need standard samples 
for calibration, International ref crence samples cannot be employed for 
long. So there is a great need to prepare "in-house" standards and 
calibrate them against International standards for routine functioning of 
a laboratory. 

This precisely constitutes a first step in our project "Muestras-tipo de 
la Repuhliea Mcxicana" ("Standard samples from de Mexican Republic" 
project). 

This work reports collection, preparation and analysis of four "in
house" geochemical rock standards. 
Samples 
BCU-1 and BCU-2:0livinc basalts from an outcrop behind under

ground palcomagnctic and nuclear geophysical labora
tory, Ciudad lJnivcrsitaria. 

DCC-1: Dacite from a road-cut near the 27 km marker on 
old Mcxico-Cucrnavaca road. 

RSL-1: Rhyolitc from a road-<:ut on the Tcpctate-San Luis 
Potosi road, about 16 km (NE) from Tcpetate. 
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SANIPLE PllOCESSJNC 

The processing of the samples consists of the following steps: (l) exam
inP. rock specimens (-10-15 kg) for freshness; ( 2) break pieces with a 
sledge hammer and remove the outer weathered layer if present; (3) 
clean with deionized water; (4) pass through Chipmunk jaw crusher; (5) 
crush in ceramic disc grinder to about -80 mesh size; (6) mix manually; 
(7) quarter and store samples in several - 250 g portions in glass bottles. 
It should be mentioned that the ceramic plates used in the pulverizer
grinder cause very little contamination of the crushed sample. 

EX PE IUMENT AL DETAILS 

Major elements 

Si02 was determined gravimetric.ally (by weight) by direct evaporation 
with HF (Easton, 1972). For most other major clements a rock solu
tion in first prepared by acid digestion with HF and HCI04 (Volborth, 
1969; Energlyn and Brealey, 1971; Obregon, 1973) and then Al, Ca, 
Mg, Mn and total Fe are determined by atomic absorption spectrometry; 
Na and K by flame photometry and P and Ti by colorimetry. Further 
details on the analytical methods used arc given in Lopez (1977). 

Ferrous iron (FeO) is determined volumetrically by titrating an in
dependent rock solution against potassium permanganate (Easton, 
1972). H2 0- (humidity) and H

2
0+ (combined water) arc determined 

directly through weight loss at I 05° C and I 000° C respectively. Finally 
C02 is determined by acid-base titration using a method slightly modi
fied after that of Grimaldi et al. (1966). 

Analyses on dry-basis arc recalculated without water and C02 in order 
to avoid possible secondary effects of weathering and Fc2 0 3 was ad
justed to l .5% in order to avoid artificial ovcrsaturation of the norm 
(Coombs, 1963; Kay et al., 1970). 
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Tran• ,•lt•rnt•n/s 

Instrumental neutron activation analysis (IN/\/\) was used to determine 

the trace clements. Tlw method is sirni lar to that of Cordon <'l al. ( 1968) 
and has been d<'sc-rilwd by Pal (1972) and Terrell and Pal (1977). 

Hrsults of th<'sl' 111,·asurl'nH'nls on the \kxican standard rocks arc 
given in Tables I and :!. 

l'LTHI )I.I IC) 

Sample BC:l ' -1 in hand -sp,·l'imcns i;; aphanitic, with dark gray color. In 

thin s,·ction it ;;how;; a pilolaxitil' porphyritic texture, with phcnocrysts 

of labradoritl'(\lidH'I-L,·,y ':; mcthod)h~ving twinning ~f albitl' and oc

casionally zonl'd, and sonw plwnocry;;ts of olivine (2V > 80°), essential

ly magrn·sian. The matrix rnnsist;; of largely basic glass (n > 1.6) with 

numerous micronysls of magrwtit1·. l.imonitc can Le seen in thin

scction as a produd of sc1·011dary altnation. Sampk B<:tJ-2 is v<·ry si

milar to BCU-1 rx1:1·pt that its strudun· is wsi1·11lar and contains chlor

itc as product of altnation . 

Both ro<'ks afl' 1·xtrusi,1·s and Lclonl! lo tlw flows that cover a vast 

area to the South of Mnirn City (\looser I'/ al .. 1974). 
C.1.P.W. norm (Table I) ;;uggl'sts tlws1· rol'ks to lwlong to dw alkaline 

s1·ries as they contain normativl' olivinl' and fall in th1· an·a of th,· alkaline 

scri<'.S on tlw Na/>+ ~ 0 Vs Si01 diagram (\lal'donald and Katsura , 
1964), Tlwir solidifi1:ation indcx (S.I.) is high (Tabk 1) implying a low 

dew-cc of differentiation (Kuno ,•ta!., 1957 ; Kuno, 1969). 
Sample DCC-I shows a light gr<Tn 1·olor anrl a 1·ompad structure. Mi

croscopirnlly it shows a holony stalli rw porphyritic tl'X hm' with the lar

gest phcnony;;ts of hiolilc with oxidation on th,· l'dg, ·s and with ckav

ag1'.. Pla~oda~· phl'nonysts with carlsbad-albik twinning ar<' also pre
sent; their composition varil's from oligodas<· lo ar11ksinc ('.\lichcl-Lcvy's 

method). The matrix is of rnicrocrysts of plagiodasc (oligoclasc-an
dcsinc), quartz and lrydymit1·. lkrnatik, limonitc and chloritr arc 
prcs,~nt as altnati1111 mirwrals . This r0<:k is vol1 ·a11i<: in t:haractcr and 
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belongs lo a succession of flows and tuff s denominated Chichinautzin 

Croup ( Fries , 1960). 
Sample UCC-1 can be dassificd as a quart'!, thulciite as it 1:ontains 

normative quartz and hypersthenc (Yoder and Tilley, 1962); a(:eording 

to the Na/> + K, 0 Vs Si(\ diagram (Kuno, 1969 ; Schwarzer l't ul., 
I 974), it belongs to the high alumina basalt series. 

RSL-l is light brown with compact structure and phcnocrysts of 
quarts. Microscopically it has a porphyritic hypocry stallint '. texture with 
phcnocrysts of quartz in a glassy matrix of acidic composition. Nume
rous microcryshi of K-fcldspar and a few of magnetite arc al-;o observed 

in this section. Hematite , lirnonitc, sericitc and diloritc arc prcs1'.nt as 

alteration m incrals. 

This is a volcanic rock belonging to a thick sequence of lava flows of 
rhyolitic composition of Miocene age (Carta Ccologica de la llcpublica 

Mcxi cana, 1976). 

Due lo the presc rn:c of normative '-luartz in its C.I.P.W . norm, l{SL-1 

belongs to the· thol<·iitic seri1·s, while Na/) + K,O Vs Si0 2 diagram 
shows it to belong lo the group of high alkalin< '. basalts. Its low S.I. 

(Table I) suggests that I{ S L-1 is a strongly d iffercntiatcd rock. 
Th e contents of several tra<:c ckrncnts in these rocks hav< '. been given 

in Tabks 2 and 3. Fig. I shows th,· 1-tEE patterns based on the IU:~: data 

of Tahir 2. 
Tht '. REE pattern s of these rock s arc quite intcn :sting. BC l!- 1 and 

BClJ-2 have practically idn1 ti cal patterns clearly implying similar origins. 
DCC-1 is quite similar in ii-, l{U·: pattern to the basalts BCU 's though 

the former is considerably lower in K.EE content. Presence or absence 

of an Eu anomaly cannot be as<:ertaincd. If present , it should be very 
small (Fig. ] ). Ncgcndank ( 1971), has<:d on g<·och<·mi('al studies on the 

rocks from l~w Valley of Mc-xico , has postulat<:d an origin from partial 
fu sion of th< : lower crust. Similar l{FI·: patte rns of dacit1 : and basalts 
imply that tlw.',(: rocks arc derived front a similar sour<:<' and by a s imilar 
mechani sm. Much rnon- B l·'. I•'. data arc rwi:dcd , however , twfon'. Ncgc n
dank's hypothesis can lw 1,·,,1cd . 

Th, · rh yolik !{:-,I,- I i ~ ,hara, ·f<-ri:1, ·d hy a larg1 : negative Eu anomaly 
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which could he interpreted as caused by plagioclase removal at shallow 
depths. Considerably large size of the Eu anomaly might however need 
a source with a negative Eu anomaly itself. The presence of Quaternary 
volcanism suggests the possibility of encountering magma chambers at 
relatively shallow depths in this area. 

FUTURE WORK 

This is the first step in a long-term project on Mexican Reference 
Samples for Geochemistry for which National and International col· 
lahoration would he sought. Naturally it will he necessary to handle 
sample quantities of the order of JOO Kg requiring special facilities not 
presently available to us: adequate means to assess sampling and suh
sampling errors by processing synthetic samples (e.g., Russell et al., 1968) 
and by employing proper sampling constants (lngamells and Switzer, 
1973; Ingamells, 1974 a, b). The results of analyses by different labor
atories will he compiled and treated statistically in order to finally 
"certify" the samples. 
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TABLE 1 

CHEMICAL COMPOSITION AND C.I.P .W. NORMStOF MEXICAN STANDARD ROCKS 

BCU-1 BCU-2 DCC-1 RSL-1 
Actual Dry- Actual Dry- Actual Dry- Actual Dry-

Analysis basis Analysis bas is Analysis basis Analysis basis 
Si02 49.25 50.02 48.48 49.20 66.90 67.28 76 .59 77.2 1 
Ti02 1. 67 1. 70 1. 76 1. 79 0.50 0.50 0.09 0.09 

Cr203 0 .4 1 0.42 0. 4 3 0.44 0.05 0.05 

Al203 14.44 14 .66 16.78 17. 03 17.08 17. 18 12.99 13.09 
Fe 2o3 2. 73 1. so 1. 25 1. 2 7 3.21 3. so 1. 15 1.16 
FeO 5. 84 7. 0 8 6.98 7.0 8 0.62 2.18 0.20 0.20 
MnO 0 . 15 0.15 0 .15 0. 15 0.07 0.07 0.02 0.02 
MgO 9.14 9.28 8.95 9.08 1. 17 1. 08 0.05 0.05 
CaO 9.98 10.14 8.25 8. 3 7 3.59 3.61 0.08 0.08 
NazO 2.90 2.95 3.58 3.63 4.21 4.23 1.72 1. 73 
K20 1. 46 L48 1. 42 1. 44 2. 00 2.01 6. 28 6.23 

P205 0.50 0.51 0.51 0. 52 0 .13 0 .13 0.03 0.03 
co 2 1. 02 1. 08 0 . 17 0 .15 
HzO+ 0.04 0.30 0.49 

llzO 0.01 0.61 0.22 
TOTAL: 99.53 99.63 100. 61 100 .06 
QZ 2 5. 8 3 25.08 42 .38 42.73 
CB 1. 77 1. 78 3.2 9 3.32 
OR 8.63 8.76 8. 39 8. 52 11. 82 11. 89 37 .11 3 7. 41 
AB 24.54 24.92 27.45 2 7. 86 35.62 35.83 14.55 14. 67 
AN 22.07 22.42 2 5. 52 25.90 16 .96 17 .06 0.20 0.20 
NE 1. 54 1. 56 
DI 19.23 19. 72 9.70 9.85 
HY 4.94 2.56 2.66 4.66 0.12 0 .13 
OL 9.97 14.12 18.76 19.04 
MT 3.96 2. 17 1. 81 1. 84 0.63 2.17 0.45 0.45 
HM 0.84 0.85 
IL 3.17 3.22 3.34 3.39 0.95 0.96 0.17 0.17 
CR 0.84 0.85 0.88 0.89 0. 10 0.10 
AP 1.17 1.18 1. 19 1. 21 0.30 0.30 0.07 0.07 r .. 48.69 46.76 18.94 0.29 
s. I. 41.65 40.35 9.78 0.53 
D. I. 33.68 37.94 72. 29 94.81 

Washington (1917) 
itC. I. Crystallization s. I. Soli-!ification D. I. Differentiation 

Index. Index. Index. 
(Jhorton and Tuttle, 1960; Poldervaart and Parker , 1964). 
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TABLE 2 

I NSTRU~lENTAL NEUTRO"J ACTIVATION A'/J\LYSIS OF 501'1[ 

TRACE ELEMENTS OF MEXICAN STA1>-:DARD ROCKS 

Bc:LJ - 1 BCU-2 DDC-1 RSL-1 

Rb 43 + 3 SS + 5 60 + 5 460 + 20 

Cs 0. 5 + 0.1 0.5 + 0. 1 0.9 + 0. 3 5. 7 + (). 2 

Th 1. 7 + (). 3 2.3 + 0. 3 4.3 + 0.3 43 + 'i 

u 0.9 + 0.3 1. 4 + 0.5 1. 6 + 0.5 7. 6 + 0. ') 

!If 5. 4 + 0. 5 5. s + 0.6 4. 5 + 0. 5 6.9 + 0. 'i 

Ta 1. 6 + (). 3 1. 5 + 0.2 o.s + 0. 2 3.3 + 0. ', 

Co 44 + 5 42 + 5 12 + 0.2 + 0. I 

Sc 26 + 2 25 + 3 10.6 + 0.2 11. 4 + 0. 'i 

Sb 1. 5 + 0.6 1. 9 + 0. 7 2.0 + 0.8 1 • S + 0.() 

Fe(%) 7.4 + 0.7 7. 5 + 0.9 3. S + 0. 1 I . 2 + (). 2 

La 22 + 2 21 + 3 16 + 2 74 + 

Ce 52 + 2 53 + 2 31 + 2 1 2 S + 

Nd 34 + 2 40 + 6 l(i + 8 'i + 'i 

Sm 8. 2 + 0.6 7. 8 + n. s 4. 4 + n. z 20.3 + 0.') 

Eu 2. 2 + 0.3 2. 1 + 0.2 1. 13 + 0.09 n.zs + ll. II 7 

Cd 8 + 1. s 8 ... 1 . 5 3 + <) + ~ 

Tb 1. 4 + 0.2 1. 4 + 0.1 0.60 + 0.05 I .1 . II. I 

Dy 4.9 + (1. 8 5. 1 + n. 8 l. 6 + 0. (1 
I ' 

+ 

Tm 0.43 + 0.08 0. 32 + 0. 0' 0 .13 + 0. 0 4 11.1,,1 + II. II~ 

Yb 2. 7 + 0.4 2. 7 + 0.2 1. 2 + 0. 1 s. :; + 11.(1 

Lu 0.6 + 0.2 0. 4 5 + 0.08 0.25 + 0. Oti fl .(l + (). 2 

LREE 13h. 4 13 'l. 8 7 s. 'i .) '·i 2. S 
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TABLE 3 

SPARK SOURCE '!ASS SPECTROr.RAP flI C A'lALYS ES OF SO\!E ' !LUCAN STA'lDARDS 

Preli mi nary Result s 

(car ried out in Depar t ment o f Geology, ~l anchester University, 

~anches t e r, England). 

BCU - 1 BClT - 2 RSL- 1 

\ i 69.8 193 4 . 5 

Cu 7.6 7.6 0 . 3 

Zn 80 152 55 

C,;1 9.3 1 5 . 4 3 .4 

Ce 0 .1 9 0. 2 l 0 .08 

P,r 0 . 17 (]. 16 

lib 7 40 29 

Sr 304 10 13 26 

y 0.89 0.94 

: ,. 274 96 38 

"" 23.1 7 . 24 6 .1 4 

(s 0 . 81 l. 0 S 7. 2 

Ra 89 8() 43 . 5 

La 8 . 6 l 2 . 4 13 . 5 

Ce 10.6 22. 8 12 .4 

l' r 6 . 1 5. [) 3 . 2 

\cl 24. 4 l 9 . 7 41 

SJ11 8 . 4 10 . 5 11. 0 

Fu 2.3 :; . J 0.42 

CJ 7 . 2 10 . 4 8.9 

Th 0 . 8 1. S 2 1 . 9 S 

ny 14 18 24 

Ila 2 . 1 l . 3 0 . 9 

Fr :, . 1 c, . () . 2 

Tm o. s 0. 2 

Ph 17 . 2 43.8 55.4 

Tl 2 . S 
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Fig. 1 . Comparison plots for som• M•xican roe k\ . 

( tak"n from Pal and Urrutia, 1977. l 
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