
















PLATE 7 

Salvadora stock, Llallagua: Hydrothermal breccia. 

A. Typical polymict breccia, from eastern part of the stock, 411 

level, Catavi mine. Fragments of sericitized and argillized 

quartz—porphyry (white), fine feldspar porphyry (medium grey) 

and argillite (dark grey) in a clastic matrix of fine rock 

fragments and quartz grains cemented by fine tourmaline. Scale 

in cm. 

386. 

B. Hydrothermal breccia matrix. Transmitted light photomicrograph 

showing clastic texture of broken remnant quartz phenocrysts 

and fine rock fragments in (dark) cement of fine intergrown 

tourmaline. 





PLATE 8 

Salvadora stock, Llallagua: Hydrothermal breccia. 

A. Transmitted light photomicrograph of breccia matrix. Fine rag-

ged fragments of silicified rock (1), one of which is porphyry 

with remnants of a primary quartz phenocryst (2), in a matrix 

of quartz grains (residual quartz phenocrysts) cemented by 

fine tourmaline (black). Clavo San Jose, 586 level, Siglo XX 

mine. 

38?. 

B. Transmitted light photomicrograph of a 'black dyke' (right) 

cutting quartz—porphyry. The dyke consists of quartz grains 

cemented by fine tourmaline (black), and is interpreted as 

hydrothermal breccia matrix material which has undergone adv-

anced corrosion and abrasion, leaving only rounded residual 

quartz phenocrysts. These have boon injected along fractures 

as a fluidized slurry, and cemented by tourmaline. 





PLATE 9 

Llallagua: Disseminated mineralization types 

A. Transmitted light photomicrograph showing typical habit of 

cassiterite (arrowed) in sericitized quartz—feldspar porphyry 

of the Salvadora stock. Blue—green laths are tourmalinized 

biotite, matrix is strongly sericitized. Plane polarized light, 

X60. 

368. 

B. Reflected light photomicrograph showing pyrrhotite (white) 

replacing biotite phenocryst, associated with tourmalinization 

of the biotite.Typical habit of early disseminated sulphide 

in the tourmaline—rich rocks of the lowest mine levels. X100. 

C. Transmitted light photomicrograph showing disseminated sulphide 

(pyrite, black) in intensely sericitized quartz—feldspar por-

phyry. Typical of the peripheral parts of the middle and upper 

levels of the Salvadora stock. Crossed polars, X20. 





PLATE 10 

A. Colquechaca. Cerro Yanakaka, a glacially eroded remnant of a 

thick columnar—jointed dacite flow, cut by tin—bearing veins. 

The rocks below the Cerro are pervasively sericitized and ca-
rry disseminated cassiterite and sulphide mineralization, and 
are cut by small tin veins. 

389. 

B.San Pablo stock. Hydrothermal brecciation of quartz—porphyry 

with subsequent intense sericitic alteration. 

C. San Pablo stock. Pervasive alteration of quartz—porphyry. San-

idine phenocrysts replaced by tourmalino (black). The remain-

der of the rock is pervasively sericitized. 





PLATE 11 

390. 

Santa Fe mine, pebble dyke (hydrothermal breccia) crossing the 

Veta Boyadora, level 170. Argillite and quartzite fragments in a 

clayey clastic matrix, with both pre— and post—breccia sulphide 

mineralization. 





PLATE 12 

Fluid inclusion analysis by laser microprobe. 

A. Transmitted light photomicrograph taken through the laser micro-

probe optical path prior to firing. The specimen is a mm 

doubly polished slice of quartz from the quartz—tourmaline 

zone of the Chorolque vent, containing numerous coexisting 

highly saline brine inclusions with many daughter minerals 

(Type VI) and vapour—filled inclusions (Type V). The target 

(arrowed) is a large multi—daughter inclusion. Scale as for B. 

391. 

B. Transmitted light photomicrograph taken after firing the las-

er, showing the large size of the resulting crater (arrows at 

opposite ends) relative to the inclusion size. 





39 2. 

PLATE 13 

Fluid inclusion analysis by laser microprobe. 

A. Scanning electron microscope (SEM) image of a crater produc-

ed by laser microprobe shot at a minute pyrite grain enclosed 

in quartz. This shows that much of the cratering effect is 

the result of mechanical fracturing. The 'burn' hole produced 

by vaporization of the sample is visible in the center of the 

crater, and is small compared with the total crater volume. 

The splashed material on the crater sides is iron from the 

incompletely vaporized pyrite target grain. 

8. Detail of above. 
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PLATE 14 

Fluid inclusion analysis by laser microprobe. 

A. SEM image of crater in quartz produced by laser shot at multi—

daughter inclusion, illustrating the mechanical fracturing 

effect. Magnification X1000. 

B. As above (a different specimen). Magnification X1500. 





PLATE 15 

Chorolque: Fluid inclusion types. 

A. Typical primary Type I inclusion (liquid plus contraction 

vapour bubble) in vein quartz, with minute opaque daughter 

mineral (arrowed). 

394. 

B. Train of typical secondary Type I inclusions, marking the 

site of a healed fracture in the host vein quartz. 

C. Train of secondary Type I inclusions in vein quartz, showing 

development of 'negative crystal' shape. 





PLATE 16 

Chorolque: Fluid inclusion types. 

A. Typical primary Type II inclusion in vein quartz, showing a 

cluster of needle—shaped daughter mineral grains (arrowed). 

395. 

B. As above. The daughter mineral is weakly birefringent, faint-

ly greenish in colour, and is probably dawsonite— NaA1CO3(OH)2. 

C. As above, showing spray of acicular daughter mineral crystals 

(arrowed). 
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PLATE 17 

Chorolque; Fluid inclusion types. 

A. Typical primary Type III inclusion in vein quartz, showing 

cubic daughter mineral (halite, arrowed). 

B. Plane of pseudosecondary Type III inclusions in vein quartz, 

with cubic daughter minerals (halite, arrowed). 

C. Small primary Type III inclusion in vein quartz. Halite cu-

be arrowed. 
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PLATE 18 

Chorolque: Fluid inclusion types. 

A. Typical primary Type IV multi—daughter inclusion in vein qu-

artz. 1—large, pale greenish birefringent salt (hydrous iron 

chloride); 2—unidentified; 3—isotropic salt (halite); 4—liqu-

id; 5—contraction vapour bubble. 

B. Pseudosecondary Type IV inclusion in vein quartz. 1—isotropic 

cubic daughter mineral (halite); 2—'tailed—off" shape of inc-

lusion indicates that necking has taken place; 3—large daugh-

ter mineral grain, probably hydrous iron chloride. 

C. Plane of pseudosecondary Type IV inclusions in vein quartz. 

These contain 2 daughter minerals (as in B above), halite 

and hydrous iron chloride. Some show evidence of necking, 

but in general the phase ratios are constant. 

397. 

D. Pseudosecondary Type IV inclusions in vein quartz, showing 

good evidence of necking. 1—neck tube and tailed—off shape; 

2—partially completed necking; 3— and 4—halite and hydrous 

iron chloride daughter minerals in un—necked inclusion; 5-

seperate plane of Type I inclusions. 
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PLATE 19 

Chorolque: Fluid inclusion types. 

A. Mainly primary vapour—filled Type V inclusions in quartz of 

the quartz—tourmaline alteration zone. 

390. 

B. Detail of same specimen, showing co—existing vapour—filled 

Type V inclusions (1) and highly saline multi—daughter Type 

VI inclusions (2). A typical 2—phase (boiling) assemblage. 
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PLATE 20 

Chorolque: Fluid inclusion types. 

A. Detail of primary Type V vapour-filled inclusions in quartz 

of the quartz-tourmaline alteration zone. 

399. 

8. Detail of a primary Type VI inclusion in quartz of the quartz 

-tourmaline zone. The inclusion is packed with daughter min-

erals (2, 3, 4) which can not be individually identified. The 

vapour bubble (1) is distorted by the daughter minerals, and 

no liquid phase is visible at room temperature. 

C. Two Typo VI inclusions (arrowed) in a healed fracture traver-

sing a quartz phenocryst overgrown with secondary quartz, in 

the quartz-tourmaline alteration zone. The inclusions are 

packed with daughter salts, have distorted vapour bubbles 

and no visible liquid phase at room temperature. 
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PLATE 21 

Chorolque: Fluid inclusion types. 

A. Two pseudosecondary Type VI inclusions, packed with daughter 

salts; in earliest vein quartz from Veta Colon. Plane polar-

ized light. 

400. 

8. As above, with crossed polars, showing the birefringence of 

one of the daughter salts (probably hydrous iron chloride). 
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PLATE 22 

Chorolque: Fluid inclusions in the sericitized volcanics. 

A. Primary glass inclusion in quartz phenocryst. 

401. 

B. Secondary Type I inclusions (liquid plus contraction vapour 

bubble) in quartz phenocryst. 

C. Secondary Type IU inclusions in quartz phenocryst. 





PLATE 23 

Chorolque; Daughter minerals in Type IV and VI inclusions. 

A. Type UI inclusion in earliest vein quartz, Veta Colon. 1—

distorted vapour bubble; 2—cubic salt with refractive index 

very close to that of quartz (halite); 3—rhombic birefringent 

salt (hydrous iron chloride); 4—unknown; 5—isotropic salt, 

possibly sylvite (KCl); 6— and 7—unknowns. Plane polarized 

light. 

402. 

6. The same inclusion, crossed polars; showing the birefringence 

of the rhombic salt. 

C. Type IV inclusions in vein quartz. 1—rhombic birefringent 

salt (hydrous iron chloride) showing twinning in the upper 

inclusion; 2—cubic salt (halite); 3—unknown transparent salt 

and very small opaque grain. 
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PLATE 24 

Scanning electron microscope investigation of daughter minerals: 

Chorolque, quartz—tourmaline altered vent rocks. 

A. Low magnification view (X500) of broken surface of quartz sam-

ple showing several, opened inclusion cavities with apparently 

extruded daughter salt material. 

403. 

B. Detail of one inclusion (X1500), showing the formless appear-

ance of the daughter salt material. The major components are 

potassium and chlorine, arrow indicates analysed point, see 

following page for X—ray spectrum. 
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PLATE 25 

SEM investigation of daughter minerals: Chorolque, quartz—tourm-

aline altered vent rocks. 

A. Single inclusion cavity in quartz, with daughter minerals 

in—situ. Arrows indicate analysed points (see following pa-

ges for X—ray spectra). Most of the grains on the surface 

surrounding the cavity are quartz fragments produced during 

the opening process. X1500. 

405. 

B. Two inclusion cavities in quartz, with some daughter salt 

material adhering to the cavity sides.X1500. 





406. 

T 
__ ~' _____ . ___ L ___ .~E--~_= 

-~ 



407. 

f-----+---4---j-.--+---tH--4---+---4--+ 

~ I---l---+----l---
•. 5 . E:: 

1---4-----+--+--+---+---t------ji------.---t--.--+-==J ---r-== 
I---l. 

~~- ----f--- =.=t_ -0· --+_-----JI~_ --4 ___ _+_--+---+---+----+,--t----~i ---F~----
--T __ f.----+~.--~;--:---

-I---4----+---+--~----'fl .. +--- --, ---'+~--~--...;-..---+---,~ , I- --7-.-----

I 
I 

---==i==i==j==jttjt==t==t==t==t==±==t==~=J==~==~~~== +---r---+--+----l-~-.~4 ___ ~___ i 

+---~---~-~---4--__4 t-~-~--+-~---,~----4--~~---~------~---.----

-t---~-+_-+___:;;;.:I__--JIH-- =i=----+------.-.---~--.-

-I--+-·-~:.tS-]L--1 -l--+---+-----i---L-+--....:..----F--~--L.-._-__ - _-_---<--...J1L--.::-.:::::.:_-__ _ 
~===~t~~~_t--~~~~-I~-lf-~·~----J~-~---+---~---+--~----~---_L__~--+i------------
~ ~-.~~--4~~1--~--'--~---·~-_+_-~-_r--~-~-·--

! *---~--~--~-f.-~- j~l-~--+_-~--L--_+--~---~-~--4_-~--~-------



PLATE 26 

SEM investigation of daughter minerals: Chorolque, quartz—tour-

maline altered vent rocks. 

A. Type VI inclusion cavity crowded with daughter mineral grains. 

The X—ray spectrum from scanning the entire inclusion cavity 

(see following page) indicates that the major components are; 

iron, potassium, chlorine, sodium, and sulphur. Silicon comes 

mainly from quartz fragments and the cavity walls. X2500. 

408. 

8. Inclusion cavity with much daughter salt material. X—ray spe-

ctra from scanning the entire cavity , and from individual 

points (arrowed) are shown on the following pages. Major com-

ponents are iron, chlorine, potassium, sodium, •and sulphur. 

X1500. 
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PLATE 27 

SEM investigation of daughter minerals: Chorolque, quartz—tour-

maline altered vent rocks. 

Inclusion cavity with much rather formless daughter salt mater-

ial. X—ray spectra for point analyses (1 and 2 ) are shown on 

the following pages. 

413. 
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416. 
PLATE 28 

Llallagua, Salvadora stock: Typical fluid inclusions in seric-

ito—tourmaline altered quartz porphyry (secondary inclusions in 
quartz phenocrysts). 

A. Type I inclusion. 

B. Type III inclusion with halite daughter mineral (1). 

C. Type IU inclusion with halite (1) and rhombic birefringent 

(probably hydrous iron chloride) daughter (2). Plane polar-

ized light. 

D. Same inclusion as above, crossed polars, showing birefrin-

gence of rhombic daughter mineral. 






