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ABSTRACT 

Two ash-flow sheets of markedly different age and petrography are exposed in the Castillo de Callalli. The 
lower, phenocryst-rich ash-flow sheet oflow-silica rhyolite has a K-Ar age of20.7±0.6 Ma. The overlying ash-flow 
sheet is composed of sanidine-bearing high-silica rhyolite. An 40Arf39 Ar age of 4.72±0.02 Ma and petrographic 
characteristics show that the unit is almost certainly the lower ash-flow sheet ofthe Cailloma Tuff, which in adjacent 
quadrangles has been mapped variously as Fm. Sencca, Fm. Garza, Fm. Yauri, and Ignimbrita Acopata. 
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RESUMEN 

Dos secuencias de flujos de ceniza marcadamente diferentes en petrografía y edad, están expuestas en el 
Castillo de Callalli. El inferior es rico en fenocristales que corresponde a una riolita de baja sílice, mediante K-Ar 
presenta una edad de 20.7±0.6 Ma. Los flujos de ceniza superior son riolita de alta sílice y con presencia de sanidina 
y con una edad de -'0 ArP9 Arde 4.72±0.02 Ma. Cuyas características petrográficas muestran que esta unidad corresponde 
a la unidad de flujo de ceniza inferior de las Tobas Cailloma, las cuales en los cuadrángulos adyacentes fueron 
cartografiadas de modo diverso como: Fm. Sencca, Fm. Garza, Fm. Yauri e Ignimbrita Acopata. 

Palabras claves: Toba Cailloma, Castillo de Callalli, capa de flujos de ceniza, datación isotópica 

INTRODUCTION 

Thc Castillo de Callalli is a well-known landmark 
overl ook ing the pueblo of C alla lli near the inte rsec ti on of 

the road fro m Arequipa to Cusco with the Río Colea (Fig. 
1 ). Thc hill ex poses about 400 m ete rs of dense! y welded to 

non-wclcled ash-tl ow tuff of silicic composition that Ellison 
and De la Cruz ( 1985) ass igned to the "Fm. Pichu". Readily 
vis ible layering shows that the section consists of a number 
of discrete ash tlows (Fig. 2). The seq ue nce ha generall y 

been co ns idercd lo co mprise a s ingle strat ig raphic unit , 
whi ch E ll iso n ancl De la Cruz ( 1985) ass igned to the "Fm. 

Picchu". In s tead, isotopic dating a nd phenocryst 
mineralogy show that thc Castillo de Callalli consists of at 
lcas t t wo di lle re nt as h- flow sheets of ea rl y Miocene ancl 

carl y Pliocenc age separated in time by sixteen mi Ilion years. 

LOWER PART OF SECTION 

The lower part o r the C all a lli secti on cons is ts of 
densely welded , dev itrifi ed as h- tl ow tuff with well­

cleveloped vertical co lumnar jointing. The tuff co ntain s 

abunclant phenocrysts of plagioclasc, quartz, hornbl encle 
and biotite accompanied by a moclerate percentagc o f lithic 
fragme nts . C ompositi on is probably low-silica rh yo lite. 
A K-Ar age dcterminat io n has been obta ined on a sample 
from the lower part of the unit co llccted from a road cut at 

the point where the roacl to Cai ll oma separates fro m thc 
present main road to Cusco. Phenocrystic hornblenclc rrom 

the sample yie ldcd a K-Ar age of 20 .7±0.6 (1 s igm a) M a 
(K

2
0=0.734 wt. %; ~ 0A r *=2. 196x 10-11 molcs/gm ; .mAr*/ 

40Ar'"'=2l.3 %). T hi s age is co rroborated by the agc o r 

17. 1 1 ±0.10 M a o f thc high-silica rhyo lite domes o f thc Río 
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Fig. 1: Map showing /ocation ofCastil/o de Ca//a/li. 1: 100,000-sca/e c¡uadrang/es are ahhreviated asfo//ows: VE, Ve//i//e; 
YA, Yauri; OR, Orcopampa; CA!, Cail/oma; CO, Condoroma; CH!, Chivay; CAL, Ca//a//i. 

Fig. 2: Photograph towards the south showing the Castillo de Ca/la/ti. The pueblo ofCa//a//i is inthe lo11·er /eji. 
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Fig. 3: Age probability distribution p/otfor sanidine CCITP jivm the lower ash-jlow sheet of the Cailloma Tuff exposed in the 
upper part ofthe Castillo de Callalli. 

C halhuanca dome field about 1 O km to the southeast, which 
overlie the lower ash-flow sheet (Noble et al. , 2002b). 

UPPERPART OF SECTION 

Tuff in the upper part of the section is composed 
of partly welded , vapor-phase crystallized tuff with the 
phys ical characteristics of the distal part of an outflow 
sheet. The tuff differs markedly from that exposed in the 
lower part of the section in that it contains phenocrysts of 
quartz , sanidine and sodic plagioclase and is probably of 
high-silica rhyolite composition. Lithic fragments are rare . 

A very precise and accurate 40ArP9 Ar age 
de termination of 4.72±0.02 Ma has been obtained on 
phenocrystic sanidine separated from a specimen (CCTTP) 
co llected from the uppermost part of the section at UTM 
coordinates 0238300E, 8281300N. The determination is the 
we ighted average of fifteen laser-fusion single-crystal 
anal y ses with a MSWD of 1.4. The results of the anal y ses 
are graphically presented in Figure 3 and the data given in 
the appendi x. 

DISCUSSION AND CONCLUSIONS 

The K-Ar age obtained on tuff from the lower 
pa~·t of the scction is consistent with the possibility thát 
the tuff is part of the Manto Tuff, which is well developed 
to the west in the Chila Cordillera and north and west of 
thc Orcopampa Valley (Swanson et al. , 1993 ; Swanson , 
1998). However, the precision of the K-A r age is not 
s uf fi c ie nt to d e mon s trate o r disprove thi s poss ibl e 
correlation. T he age determination places an upper limit 

on the age of andesite lavas and other rocks that underlie 
the unit, which are lithologically similar to the andesite 
lavas and breccias of the early Miocene Santa Rosa 
Volcanics in the Orcopampa quadrangle (Swanson et al. , 
1993; Swanson, 1998). 

The petrographically different unit of ash-flow 
comprising the upper part of the Castillo de Callalli is almost 
fifteen million years younger than that comprising the base. 

Clearly, two different ash-flow sheets are present. 
The phenocryst mineralogy of the upper upper 

ash-flow unit exposed at the Castillo de Callalli is similar to 
that of the Cailloma Tuff, erupted from the Cailloma caldera 
to the north (Noble, 1979; Dávila, 1981 ). The Cailloma Tuff, 
consists of at least ~hree distinct ash-flow sheets erupted 
at about 2.5 , 3.4 and 4.7 Ma (Noble et al. , 2002a). These 
ash-flow sheets have been mapped as "Fm. Sencca" in the 
Orcopampa and Cailloma quadrangles (Caldas & La Torre, 
1973; Dávilaetal. , 1988; Swanson, 1998). In the Velille and 
Yauri quadrangles proximal portions of the Cailloma Tuff 
ha ve been mapped as "Fm. Garza" whereas distal portions 
ha ve been mapped as "Fm . Yauri " (De la Cruz and La Torre, 
1995; De la Cruz, 1995). In the Condoroma and Callalli 
quadrangles , the Cailloma Tuff has been mapped mainly 
as "Ignimbrítica Acopata" by Hawkins and de la Cruz 
( 1985) and Ellison and de la Cruz ( 1985) . Figure 4 shows 
tlíe known distribution of the Cailloma Tuff, based on the 
distributions of the severa) units on the above maps and 
on our field observations. 

The 40ArP 9 Ar age of 4.72±0.02 M a on tuff that 
form s the upper part of the Castillo de Callall i is s lightl y 
older than the K-A r age 9f 4.3 ±0. 16 Ma (K~0=9. 94 wt. %; 
40Ar*=6.1 9 15x 10- 11 n'l'ole~/gm ; 40Ar*/40Arlm~47 . 1 %) 
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obtained on the lower part of the Cailloma Tuff northeast 
of the Cailloma caldera (CAI-012; 15°03.3' S, 71 °40.1 'W) 

a n d t he a g e o f 4 .4 ±O. 1 M a ( K
2 
O= 1 1 . O O w t. % ; 

-1°Ar*=6.9010xl0-11 moles/gm; 40Ar*/40At.~m=46.3 %) from an 

outcrop between Yauri and the Tintaya mine (YAURI-1 ). 

The differences , however, are probably within the limits of 
analytical uncertainty of the K-Ar determinations , 
particularly when the systematically younger ages obtained 
in K-Ar dating of certain sanidines are taken into account 
(Hausback et al., 1990). 

We have not yet had the opportunity to study 
the Castillo de Callalli in detail , and the possibility exists 
that additi onal ash-flow sheets are present within the central 

part or thc section. Units that might be present include a 

A 

Donald C. Noble, et al. 

sanidine-bearing ash-flow sheet dated at ca. 16 Ma 

exposed about 55 kilometers to the west on the north side 
of Río Colea. Another possibility is a unit of plagioclase 
and biotite rich ash-flow tuff, mapped as "Ignimbrita 

Confita] ", that outcrops about 17 km south of Callalli on 

the road to Arequipa. 
In conclusion, isotopic dating confirms that two 

ash-flow sheets of markedly different age and petrographic 
characteristics are exposed in the lower and uppermost 
parts of the Castillo de Callalli. The present study 
emphasizes the importance of determining the phenocryst 
mineralogy ofunits of ash-flow tuff in the field, and shows 

that care must be taken in the recognition , definition and 

naming of cartographic units. 

o 
1 Kilometers 

50 
1 

Fig. 4. A. Landsat image of the region of exposure of the Cailloma Tuff 
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APPENDIX 
Analytical data for sanidine CCTTP 

ID 40Ar/39Ar 37 Ar/39Ar 36Ar/ 39Ar 39ArK K/Ca %40Ar* Age ±lo 

(x 1 o-3) (X 1 o· IS mol) {Ma~ (M a~ 

CCTTP, single crystal sanidine, J=0.0007633, NM-144, Lab#=52649 
02 3.445 0.0070 0.2975 2.29 73.2 97.5 4.62 0.03 
14 3.419 0.0070 0.0740 2.02 73.3 99.4 4.67 0.04 
09 3.463 0 .0068 0.2208 2.60 74.6 98.1 4.67 0.03 
06 3.448 0.0070 0 .1136 3.30 72.6 99.0 4.70 0.02 
08 3.432 0.0069 0 .0235 3.56 74.3 99.8 4.71 0.02 
03 3.779 0.0059 1.179 2.76 87.1 90.8 4.72 0.03 
11 3.455 0.0103 0.0742 3.61 49.4 99.4 4.72 0.02 
01 3.451 0.0072 0.0552 3.10 70.8 99.5 4.72 0 .03 
07 3.414 0.0075 -0.0728 2.06 67.7 100.6 4.73 0.04 
os 3.492 0.0068 0.1803 3.59 74.5 98.5 4.73 0.02 
10 3.432 0.0066 -0.0232 2.93 77.4 100.2 4.73 0.03 
13 3.441 0.0066 0.0041 3.70 77.8 100.0 4.73 0.02 
12 3.427 0.0065 -0.0566 2.05 78.9 100.5 4 .74 0.04 
15 3.429 0.0067 -0.0853 2.98 76.4 100.8 4.75 0.03 
04 3.471 0.0071 0.0377 3.18 71.6 99.7 4.76 0 .03 
weighted mean MSWD = 1.4 n=15 73.3 ±8.0 4.72 0 .02* 

Notes: 

lsotopic ratios corrected for blank, radioactive decay, and mass discrimination, not corrected for interferring reactions. 
Individual analyses show analytical error only; weighted mean age and total gas age errors include error in J and irradiation parameters. 
n= number of fusion steps 
K/Ca = molar ratio calculated from reactor produced 39 ArK and 37 Arca· 

* 2u error 


