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This guide demonstrates how to identify and describe key features of porphyry 

deposits. Topics emphasizing field observations related to porphyry deposits include 

a) identification of habits (textures or modes of occurrence) that aid in the concise 

description and recording of geology, alteration and ore mineralization, b) 

theoretical features of alteration and mineral deposition, c) essential aspects of 

deposit emplacement and d) major deposit models of porphyry deposits that 

include exploration vectors to ore location. 

This guide will help: 

¶ geologists and experienced prospectors wanting to upgrade or learn new 
exploration field skills, especially those involved in evaluating porphyry 
deposits or porphyry deposit prospects, 

¶ exploration managers looking to train groups of field geologists to a higher 
level of expertise in exploration methodology and pattern recognition of 
vectors to ore zones, 

¶ geologists and managers needing advanced and consistent coordination and 
efficient field exploration, and 

¶ executives or investors involved in exploration ventures who need an 
overview of how best to understand, conduct and enhance field exploration. 

 

 

 

 

 

 

 

 

 

 

 

Front cover is a photo of reverse circulation drilling in 2008 at the Don Luis porphyry-greisen tungsten 

prospect, central Sonora, Mexico. 
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INTRODUCTION 
In this part, you will learn: 

Č a framework for studying porphyry deposits, 

Č where to get comprehensive reference material, and 

Č the significance of hypogene versus supergene environments. 

This guide is an extension of the introductory guide, Porphyry and Epithermal Deposits: Mineralization, 

Alteration and Logging (Godwin, 2020), published by the Mineral Deposit Research Unit (MDRU) at the 

Department of Earth, Ocean and Atmospheric Sciences, The University of British Columbia, and the 

Mineral Deposit Division of the Geological Association of Canada. It is available from The Geological 

Association of Canada, at https://gac.ca/product-category/new_releases/ (regular price is $70.00, 

discounted to $38.50 for Members of the GAC). Before reading this guide, it would be helpful to be familiar 

with the basics presented in the above introductory guideτparticularly the material in the appendices. 

Porphyry Deposits: Key Features and Models focuses on key geology features and alteration common to 

porphyry deposits that can be identified in the field without expensive, sophisticated instruments. The 

emphasis is on practical, field-oriented exploration methodology that facilitates the location of ore. 

Therefore, a framework is provided to learn about generalized models. These models detail spatial 

features common to porphyry deposits and supporting mineralogical, chemical, and physical details. 

Appendix A (from Godwin, 2020) facilitates descriptions by providing a) shorthand, readable codes for 

minerals, rocks and descriptive comments that allows rapid, accurate and consistent descriptions of 

geological/alteration features and b) logging methodologies and templates for describing diamond drill 

cores in a digitally compatible way. These codes and logging procedures are tried-and-true approaches 

that enhance the ability to communicate quickly, clearly, and descriptively in a way that facilitates ongoing 

digital manipulation, interpretation, and identification of vectors to ore locations. 

A cautionary comment on modelsΥ ά!ƭƭ ƳƻŘŜƭǎ ŀǊŜ ǿǊƻƴƎΣ ǎƻƳŜ ŀǊŜ ǳǎŜŦǳƭέ ό.ƻȄΣ мфтфύΦ IƻǿŜǾŜǊΣ 

identifying features worth looking for is a crucial quality of models. If you are not focused on looking for 

specific features while in the field, they are more challenging to discover/observe. In addition, 

observations alone mean little unless interpreted within the larger framework provided by modelsτ

hopefully, models with guides to likely ore locations. Improvement of the presented geological models is 

expected as new deposit details become available and understood. 

Resources with extensive, detailed, and voluminous compilations of the geology and alteration of 

porphyry depositsτrequired references for the serious porphyry explorationistτinclude: 

¶ Carter, L.C., Williamson, B.J., Tapster, S.R., Costa, C., Grime, G.W., and Rollinson, G.K. 
(2021): Crystal mush dykes as conduits for mineralising fluids in the Yerington porphyry 
copper district, Nevada; Commun Earth Environ v. 2, no. 59. 
https://doi.org/10.1038/s43247-021-00128-4. 

¶ Dilles, J.H. and Camus, F., editors (2001): A special issue devoted to porphyry copper 
deposits of northern Chile; Economic Geology, v. 96, p. 233ς420. 

¶ Hedenquist, J.W., Harris, M. and Camus, F., editors (2012): Geology and genesis of major 
copper deposits and districts of the world: a tribute to Richard H. Sillitoe; Society of 
Economic Geologists, Inc., Special Publication Number 16, 618 p. 

https://gac.ca/product-category/new_releases/
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¶ Holllister, V.F. (1978): Geology of the porphyry copper deposits of the western hemisphere; 

Society of Mining Engineers of The American Institute of Mining, Metallurgical, and 
Petroleum Engineers, Inc., 219 p. 

¶ Reid, M.H. (1997): Hydrothermal alteration and its relationship to ore fluid composition; in 
H.L. Barnes (ed.), Geochemistry of Hydrothermal Ore Deposits, Third Edition, p. 303ς365. 

¶ Schroeter, T.G., editor (1995): Porphyry deposits of the northwestern cordillera of North America; 
Canadian Institute of Mining, Metallurgy and Petroleum, Special Volume 46, 888 p. 

¶ Singer, Donald A, V.I. Berger, and B.C. Moring, 2008: Porphyry Copper Deposits of the 
World: Database and Grade and Tonnage Models, 2008. U.S. Geological Survey, Open-
File Report 2008-1155, version 1.0. 

¶ Sharman, E.R., J.R. Lang and J.B. Chapman, editors (2021): Porphyry deposits of the 
Northwestern Cordillera of North America: a 25-year update; Canadian Institute of Mining, 
Metallurgy and Petroleum, Special Volume 57. 

¶ Sutherland Brown, A., editor (1976a): Porphyry deposits of the Canadian Cordillera; 
Canadian Institute of Mining and Metallurgy, Special Volume 15, 510 p. 

¶ Titley, S.R., editor (1982): Advances in geology of the porphyry copper deposits, 
southwestern North America; The University of Arizona Press, 560 p. 

¶ Titley, S.R. and Hicks, C.L., editors (1966): Geology of the porphyry copper deposits, southwestern 
North America; The University of Arizona Press, 287 p. 

Key individual papers are published often, but some of note include: 

¶ Beane, R.E. and Titley, S.R. (1981): Porphyry copper deposits, part II, hydrothermal 
alteration and mineralization; in B.J. Skinner (ed.), Economic Geology Anniversary Volume 
1905ς1980, p. 235ς269. 

¶ Burnham, C.W. (1979): Magma and hydrothermal fluids at the magmatic stage; in H.L. 
Barnes (ed.), Geochemistry of Hydrothermal Ore Deposits, 2nd Edition, Miley Interscience, 
New York, p. 71ς136. 

¶ Candela, P.A. and Piccoli, P.M. (2005): Magmatic processes in the development of 
porphyry-type ore systems; in M.D. Hannington (ed.), Economic Geology, One Hundredth 
Anniversary Volume, 1905-2005, p. 25ς38. 

¶ 2erný, P., Blevin, P.L., Cuney, M. and London, D. (2005): Granite-related ore deposits; in 
M.D. Hannington (ed.), Economic Geology, One Hundredth Anniversary Volume, 1905-
2005, p. 337ς370.  

¶ Chiaradia, M. (2020): Gold endowments of porphyry deposits controlled by precipitation 
efficiency; Nature Communications, v. 11, Article number 248. 
https://www.nature.com/articles/s41467-019-14113-1.pdf, 
https://doi.org/10.1038/s41467-019-14113-1 

¶ Cox, D.P. (1986): Descriptive model of porphyry copper; in Mineral Deposit Models, US 
Geological Survey, Bulletin 1693, p. 76ς79. 

¶ Gustafson, L.B. and Hunt, J.B. (1975): The porphyry copper deposit at El Salvador, Chile; 
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Minerals likely to be encountered in the field are determined by whether they are found in the hypogene 

or supergene environments. Specifically, hypogene sulfide minerals are not common at the surface due 

to surface weathering and other supergene processes. Consequently, identifying secondary minerals 

becomes essential to the recognition of original hypogene mineralization. Water-table related supergene 

enrichment of copper grades is critical because supergene enriched sulfide and oxide minerals can be 

valuable; however, they often require specific recovery methods. Detailed mineral descriptions are in 

Godwin, 2020. Essential minerals, and their codes, related to porphyry deposits, are in Appendix A. 

Supergene and hypogene minerals are variably found in field surface exposures. Hypogene sulfide 

minerals are not common at the surface due to surface weathering and other supergene processes. 

Consequently, the identification of secondary minerals associated with supergene mineralization 

becomes essential to interpreting precursor hypogene mineralization. Water-table-related supergene 

enrichment of grades is also vital because supergene-enriched sulfide and oxide minerals can be valuable; 

however, they often require specific recovery methods. 

This guide highlights features relevant to describing and understanding the geology and alteration of 

porphyry deposits. The sequence of topics in the following text is 
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1. Definitions and key features emphasizing their tectonic setting and associated plutonic, 

porphyritic and breccia rocks, 
2. Basic types and overview photos, 
3. Habits of mineralization and alteration, 
4. Structural and ground preparation related to emplacement, 
5. A chemical phase diagram and an infiltration-diffusion model to explain hypogene zoning, 
6. Idealized models of hypogene alteration facies and zoning for different deposit types with an 

emphasis on ore location and 
7. Supergene alteration, where copper is removed and enrichment, where copper is added to 

underlying hypogene or pre-existing enriched mineralization. 

 

 

 

Be sure you understand from this part that: 

Č this guide is field-oriented, 

Č there is abundant, detailed literature about porphyry deposits, 

Č both hypogene alteration and supergene alteration/ enrichment are described and 

Č alteration zoning can predict ore location. 
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DEFINITIONS AND KEY FEATURES 
In this section, you will learn: 

Č the definition of a porphyry deposit, 

Č about common host rocks, 

Č about size, grade, and other standard features, and 

Č definitions of some key features. 

The definition of a porphyry deposit in 1960, when the author was an undergraduate, was a deposit that 

can be mined with a steam shovel. The implication, of course, is that porphyry deposits are large, and 

large-scale open-pit mining allows for recovery of relatively low grades of, most commonly, copper and 

molybdenum. Thus, porphyry deposits are large, low-grade deposits of, mainly, copper or molybdenum. 

Values from gold and silver can be important as by-products in sulfide concentrates, but this varies from 

deposit to deposit. These deposits, equidimensional in plan view, are most commonly mined by open-pit 

methods to depths of about 400 m; however, bulk underground mining is increasing. Porphyry deposits 

are frequently, but not always, marked by extensive rusty zones 500 m or more in diameter (e.g., Figure 1). 

These rusty-ǊŜŘ ΨǘƘǳƳōǇǊƛƴǘΩ ŀƭǘŜǊŀǘƛƻƴ ȊƻƴŜǎΣ ŎƻƳǇƻǎŜŘ Ƴŀƛƴƭȅ ƻŦ ƭƛƳƻƴƛǘŜ ŀŦǘŜǊ ǇȅǊƛǘŜ όǇƭǳǎ ƻǘƘŜǊ 

oxidized sulfides), can be evident in the field and apparent on colour photographs and interpreted satellite 

imagery. 

Host rocks for porphyry deposits are porphyry, breccia, granitic, and less often, volcanic. Deposits appear 

to be genetically related to porphyritic rocks, as the name suggests. Breccias also seem to be linked 

genetically to both the deposits and porphyry. Ore-mineralization occurs mainly as sulfides in veins and 

as disseminations imposed on highly fractured rock. Where porphyry deposits form in apical cupolas of 

stocks, alteration and mineralization can concentrate along fractures caused by the intrusion of the stocks. 

In special situations, especially in porphyry molybdenum deposits, brain rock with unidirectional 

solidification texture in brain rock of stocks indicates potential ore mineralizationτif only because of its 

occurrence at the large Henderson and Climax porphyry molybdenum mines in Colorado, United States, 

and at the giant Oyu Tolgoi porphyry copper-gold mine in the South Gobi region of Mongolia. Porphyry 

deposits found in differentiated batholiths (such as Valley Copper in the Guichon Creek batholith, 

Highland Valley, British Columbia, Canada, and Afton in the Iron Mask batholith, Kamloops, British 

Columbia, Canada) arguably are related to late, metal-rich, hydrous accumulation resulting from 

progressive precipitation of dominantly anhydrous minerals in earlier precipitated batholithic rocks. 

The size and grade of porphyry deposits are typically at least 20 million tonnes with hypogene copper 

grades from 0.2 to 1.0%. Supergene enrichment can increase copper grades to several percent. Supergene 

enrichment can occur in non-glaciated areas (e.g., at Casino in Yukon, Canada [Figure 1]; porphyry 

deposits in Arizona, United States, and Chile and Peru. In a 1976 review of porphyry deposits in the 

Canadian Cordillera, Sutherland Brown, and Cathro (1976) found that, at that time, porphyry deposits in 

British Columbia, Canada, ranged from about 45 to 900 million tonnes with copper grades from 0.2 to 

1.0% and total contained copper metal from 182,000 to 2,900,000 tonnes. A summary of economic 

features common to porphyry deposits is presented in TABLE 1. 
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TABLE 1. Economic features common to porphyry deposits 

CuEq = copper equivalent (e.g., value of copper plus molybdenum in terms of copper value). The table 

was compiled mainly from the extensive, detailed, and voluminous compilations cited above. 

Feature Amount and 

area 

Valuable hypogene 

minerals 

Valuable 

supergene 

minerals 

Surface and 

depth 

Surface: generally 

greater than 500 m in 

diameter, and 

commonly at least 

400 m in depth. 

Hypogene minerals 

are found at the 

surface in glaciated 

terrains but are rare in 

areas that are 

supergene altered. 

Supergene copper 

oxide minerals are 

sometimes 

recoverable. 

Supergene copper 

sulfides are 

generally 

recoverable. 

Tonnage 

overall 

Commonly 100ï

500 million tonnes. 

Ó300 million tonnes 

usually are óworld 

classô. 

Tonnage of ore is 

generally limited to the 

tonnage of the volume 

with a grade greater 

than a specified 

economic cut-off. For 

example, ñThe 

resource at the No-

Name-Deposit is 

estimated at 125 

million tonnes 

averaging 0.31% 

copper with a 0.2% 

copper cut-off. 

It is included in 

the column to the 

left. 

Copper 

grade 

0.5ï 3% CuEq. 

Better grades are the 

result of supergene 

enrichment, but these 

rich supergene zones 

are increasingly mined 

out. 

Main minerals are 

chalcopyrite, bornite 

and molybdenite. 

Also relevant is the 

comment on ócut-offô in 

the description for 

tonnage. 

Chalcocite, 

covellite, 

chrysocolla, 

cuprite, 

chalcanthite, 

antlerite and 

brochantite. 

Molybdenum Ò1% MoS2 = 0.899% 

MoO3 = 0.599% Mo. 

Molybdenite Ferrimolybdite 

and powellite in 

capping is not 

recovered. 
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Gold and 

silver 

Ò0.5 g/t each; 

generally, they are by-

products. 

Silver, gold and 

electrum. Commonly 

associated with 

magnetite, hematite 

and molybdenite. 

Some oxidized 

cappings have 

recoverable gold 

and silver by heap 

leaching. 

Tin and 

tungsten 

Ò0.5% Sn = 0.64% 

SnO2 and/or 0.5% 

WO3 = 0.397% W. 

Cassiterite, stannite, 

wolframite and 

scheelite. 

 

Pyrite Pyrite is common in all 

deposits. 

Pyrite generally is not 

economic and can 

promote acid 

generation problems. 

Locally pyrite is used 

to generate acid for 

leaching. 

 

Nepheline Nepheline is locally 

abundant in nepheline 

syenite associated 

with alkaline porphyry 

deposits. 

Nepheline, if free of 

iron impurities (e.g., 

biotite), might be 

valuable for glass 

manufacturing; it is not 

currently recovered. 

 

Mica and 

clay 

Ò10% might occur in 

some tailings. 

Muscovite and other 

micas are not currently 

recovered but could 

be a valuable plastic 

additive. 

Clay has unknown 

potential as a by-

product in 

porphyry deposits; 

it is locally a 

source of pottery 

clay in supergene-

altered greisen. 

Gross value Commonly billions of 

dollars. 

Sum of the values for 

contained bornite, 

chalcopyrite and 

molybdenite, plus gold 

and silver and/or tin 

and tungsten credits. 

Main minerals are 

chalcocite, 

chrysocolla, 

chalcanthite, 

cuprite, antlerite 

and brochantite. 
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TABLE 1 illustrates that porphyry deposits are large, mineralized bodies of rock. These bodies were 

initially fractured so hydrothermal fluids could flow through and mineralize the rock. Because most of the 

fluid is magmatic in origin, these fluids were hot (250° to 650°C), and metals were transported in the fluid 

mainly as chloride complexes. New alteration minerals were formed as the fluids reacted with the rocks 

they passed through. As a result, compositions in the outward and upward moving fluids also changed. 

Systematic changes in moving fluid composition and in temperature result in zoning, within which there 

are predictable locations for ore mineralization. Consequently, zone mapping in the field by a geologist, 

with reference to porphyry deposit models, is crucial in exploration leading to mine discovery. 

Definitions specifically related to porphyry deposits are in the insert that follows. Defined are a) 

Definitions of porphyry and greisen, b) Definition of pre- syn- or post mineral and intermineral, c) 

Definitions of alteration, hydrothermal, hypogene, ore shell, pyrite halo and supergene and d) Definitions 

of porphyry deposit, greisen porphyry deposit and gold porphyry deposit. 

Definitions related to breccias are also in the following insert. Defined are Definitions of breccia, breccia 

pipes, hydrothermal breccia, collapse breccia, fault breccia, pseudobreccia or crackle breccia, and 

sedimentary breccias and conglomerate. 

Definitions of porphyry and greisen. 

 

Porphyry describes any igneous rock where conspicuous phenocrysts (larger crystals) are set in a finer-

grained to glassy matrix or groundmass. Porphyry names are commonly modified to describe prominent 

phenocrysts, for example, quartz porphyry, feldspar porphyry and quartz-feldspar-biotite porphyry. Some 

porphyritic rocks explode into breccias and exude hydrothermal fluids that lead to ore mineralization and 

ŀƭǘŜǊŀǘƛƻƴΦ ¢ƘŜǎŜ ƘȅŘǊƻǳǎΣ ΨǿŜǘΩ ƻǊ ΨǇǊƻŘǳŎǘƛǾŜΩ ǇƻǊǇƘȅǊƛŜǎ ŀǊŜ ƭƛƪŜƭȅ ǘƻ ōŜ ƳƻǊŜ ƻǊŜ ǇǊƻŘǳŎǘƛǾŜ ǘƘŀƴ ΨŘǊȅΩ 

porphyries. Pyrometasomatic deposits with skarn-mineral assemblages can be spatially related to 

porphyry deposits, where carbonate rocks occur peripherally to porphyry deposits. 

Greisen consists essentially of quartz and muscovite without feldspar or biotite and resembles classic 

phyllic alteration facies. Where greisen is generated by S- or A-type granites, commonly associated 

minerals are fluorite, tourmaline, topaz, cassiterite and wolframite. Greisen, widely found within cupolas 

of stocks, forms massive bodies by altering pre-existing granitic rock and/or by the consolidation of a 

hydrous, terminal differentiation granitic phase in cupolas. Greisen veins cut rocks in granitic cupolas and 

extend into adjacent country-rock. Metal zoning and silicate zoning are common in both veins and massive 

bodies. 

Definition of pre- syn- or post-mineral and intermineral. 

 

Pre- syn- or post-mineral refers to the timing of intrusion of stocks, dykes and breccias. Syn-mineral 

implies a genetic link to ore mineralization. The classification is key to the recognition of the most 

significant events related to ore deposit formation. 

Intermineral is the same as syn-mineral about intrusions of stocks, dykes and breccias. It can also be used 

to describe fracturing that occurs synchronously with mineralization. Thus, intermineral and syn-mineral 

are both used to define key intrusive events related to ore deposit formation. 
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Definitions of alteration, hydrothermal, hypogene, ore shell, pyrite halo and supergene. 

 

Alteration means a change in mineralogy (sulfides, silicates, carbonates, etc.), fracturing and/or 

hornfelsing. Mapping all these features is key to locating likely ore zones within porphyry deposits. 

Hydrothermal is derived from hydro = water and thermal = heat; therefore, hydrothermal simply means 

hot water. Heat transfer and transfer of dissolved components causing mineralization and alteration are 

major features of a hydrothermal system. 

Hypogene is derived from hypo = under and gene = origin; therefore, hypogene = origin from below. 

Hypogene mineralization is primary mineralization formed at depth before modification by supergene 

processes. 

Ore shell is a toroidal zone of economically valuable mineralization (high grades mainly of copper and/or 

molybdenum) surrounding the barren core of a porphyry deposit. It generally spans the contact of 

deposit-central potassic alteration marked by secondary K-feldspar and biotite (phlogopite) with the 

outwardly adjacent phyllic alteration dominated by quartz and muscovite (sericite). The ore shell is 

marked by high chalcopyrite/pyrite ratios, and by molybdenite, bornite and magnetite and specularite 

becoming more abundant toward and within the potassic portion of the shell. The ore shell is often 

expressed as moderate chargeability anomalies by an induced polarization (IP) geophysical survey; 

however, these anomalies are less intense than those related to the pyrite halo. 

Pyrite halo is a toroidal zone outside of the ore shell in porphyry deposits. It occurs in the outer part of 

the phyllic alteration zone, and is marked by abundant quartz, muscovite (sericite), pyrite and high pyrite 

to chalcopyrite ratios. Grade of copper is usually too low to be economically valuable. The pyrite halo is 

often detected by high chargeability anomalies in induced polarization (IP) geophysical surveys. These 

high chargeability anomalies commonly are drilled before the lessor anomalies associated with the ore 

shellτǿƛǘƘ ŘƛǎŎƻǳǊŀƎƛƴƎ ǊŜǎǳƭǘǎΦ !ǎ ŀ ǊŜǎǳƭǘΣ ŀƴ Lt ƎŜƻǇƘȅǎƛŎŀƭ ǎǳǊǾŜȅ ǘƻ ŀ ŦŀŎŜǘƛƻǳǎ ƎŜƻƭƻƎƛǎǘ ƛǎ ŀƴ ΨƛǊƻƴ 

ǇȅǊƛǘŜΩ ǎǳǊǾŜȅΦ 

Supergene is derived from super = above and gene = origin; therefore, supergene = origin from above, or 

superimposed secondary mineralization formed relatively near the surface as opposed to deep hypogene 

processes. Thus, supergene alteration is related to surface conditions (e.g., temperature and rain), original 

mineralogy, permeability, and fluctuations in the water-table that defines a boundary between overlying 

oxidizing and underlying reducing conditions. Subdivisions of supergene alteration zones in porphyry 

deposits, working downwards, are a) weathered (referring to surface changes), b) capping, and c) 

supergene enrichment (commonly divisible into an overlying supergene oxide and an underlying 

supergene sulfide). 

Definitions of porphyry deposit, greisen porphyry deposit and gold porphyry deposit. 

 

Porphyry deposits are large (>20 million tonnes), low-grade deposits of copper and/or molybdenum, 

tungsten and tin, and gold and silver, which, as the name suggests, are commonly associated with 

porphyritic rocks. A rusty surface thumbprint typically marks these deposits. The primary mineralization 

source is hydrothermal fluids exsolved from intrusive plutons. Systematic zoning of silicate, sulfide and 

carbonate alteration minerals and their mode or habit of occurrence commonly provide vectors to the 

location of orebodies. Some tungstenςtin±molybdenum±silver/gold greisen deposits are large enough to 

be included in the porphyry deposit category. Values from gold (generally <0.5 g/t) and silver can be 
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important as by-products in sulfide concentrates. However, some deposits that contain only gold and 

silver can also be included as porphyry deposits. Porphyry deposits can represent deep underlying sources 

for epithermal deposits that might include Carlin-type deposits. Porphyry deposits are equidimensional in 

plan view and extend to variable depths. They are commonly mined by open-pit methods to depths of 

about 400 m. Underground bulk mining is becoming increasingly common as near-surface resources are 

mined out. 

Greisen porphyry deposits (Elliott et al., 1995; cf. Sinclair, 1996) are bodies of quartz-muscovite phyllic 

alteration or greisen that are more than 20 million tonnes in size. Greisen porphyry deposits commonly 

have varying amounts of topaz, lepidolite, tourmaline, fluorite, and beryl. Economic potential is mainly in 

tin as cassiterite and/or lesser stannite, tungsten as wolframite and/or lesser scheelite and molybdenum 

as molybdenite; silver and gold can be associated. Greisen occurs near upper contacts of cupolas to highly 

evolved, rare-metalςenriched plutonic rocks commonly of the S or A types (see insert Origin of S-, A- and 

I-type granitic rocks) resulting in lithophile signatures in which uranium, thorium, rare earth elements and 

phosphates can be significant. Vein and disseminated mineralization in greisen has complex spherical 

zoning that varies vertically and horizontally, with the most economically significant mineralization 

located in core zones. 

Gold porphyry deposits are bulk gold and silver deposits greater than 20 million tonnes in size. Gold and 

silver occur in calcalkaline granitic plutons and surrounding sediments associated with alteration typical 

of porphyry deposits (quartz veins with highly saline fluid inclusions, potassic and phyllic alteration, etc.). 

They might underly and form Carlin-type gold-silver deposits in carbonate/shale terrane. 

Definitions of breccia, breccia pipes, hydrothermal breccia, collapse breccia, fault breccia, 

pseudobreccia or crackle breccia, and sedimentary breccias and conglomerate. 

 

Breccia in the porphyry deposit environment (aside from sedimentary breccia, below) is a coarse-grained 

clastic rock composed of rotated and/or inflated clasts or fragments that are typically angular of rounded, 

held together by a relatively fine-grained matrix (cf. Sawkins and Sillitoe, 1985). Breccia can be named 

after the matrix composition, for example, tourmalinite breccia (tourmaline-quartz matrix) or magnetite 

breccia (magnetite-apatite matrix). Alternative qualifiers refer to process of formation, such as 

hydrothermal breccia (formed by rupturing due to hydrothermal explosion), collapse breccia (from stoping 

triggered by the corrosive action of hydrothermal fluids or by magma withdrawal), magmatic breccia 

(formed by rupture related to the intrusion of a magma melt or crystal mush with variable hydrous 

component) or fault breccia, (fragmentation results from frictional breaking and/or rock bursting in 

dilatant fractures). Detailed descriptions of breccia clasts and breccia matrix are essential, especially if 

either or both are mineralized/altered. Maximum fragment size, modal fragment size and open (matrix-

supported) or closed (fragment-supported) framework, can be related emplacement energy. As a rule of 

thumb, if the percentage of fragments on a planar surface is less than 50%, the breccia is likely open, or 

matrix supported. Breccia and porphyry commonly are genetically related. 

Breccia pipes, also referred to as diatremes or chimneys, are masses of breccia with an irregular cylindrical 

shape that intrude and crosscut earlier rocks. Diatreme (Doubrée, 1891) means Ψthrough the holeΩ and 

implies emplacement by a drilling process that used the explosive energy of gas-charged magmas (cf. 

Bryant, 1968, and Bryner, 1968). Most breccia pipes are formed by an explosive mechanism accompanied 

by gas fluxing and fluidization (Reynolds, 1954; Richard and Courtright, 1958; Carr, 1960), rock bursting, 
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stope cave filling (Locke 1926; Gates, 1959; Perry, 1961; Norton and Cathles, 1973) and rounding of 

fragments by attrition due to movement during emplacement (Clark, 1990). Shatter cleavage is an index 

fossil for breccia because it occurs close to, or adjacent to, some breccias (see insert Story on index fossil 

shatter cleavage and Godwin, 1973, 1975 and 1976). 

Hydrothermal breccia is formed by rupturing due to hydrothermal explosion and subsequent 

emplacement (cf. Burnham, 1985). 

Collapse breccia is formed by volume reduction by processes such as magma withdrawal (cf. Perry, 1961), 

and dissolution by hydrothermal-related processes. 

Fault breccia is formed by rupture due to faulting. Fragmentation is primarily a result of frictional breaking 

and/or rock bursting into dilatant zones. 

Pseudobreccia or crackle breccia are commonly used terms but should be avoided. Pseudobreccia or 

crackle breccia describes a rock with a fragmental appearance due to alteration and/or veining in or 

around closely spaced fractures. However, there is no fragment rotation or fragment inflation by the 

intrusion of a matrix. Better names ŦƻǊ ΨǇǎŜǳŘƻōǊŜŎŎƛŀΩ ƻǊ ΨŎǊŀŎƪƭŜ ōǊŜŎŎƛŀΩ ǿƻǳƭŘ ōŜ Ωaltered crackle zoneΩ 

ƻǊ ΨŀƭǘŜǊŜŘ ŦǊŀŎǘǳǊŜ ȊƻƴŜΩ ōŜŎŀǳǎŜ ǘƘŜ ŘŜƳƻƴǎǘǊŀǘƛƻƴ ƻŦ fragment rotation and fragment dilation 

(inflation) by an intruded matrix, is essential to the definition of a breccia. 

Sedimentary breccias and conglomerates are distinct from, but sometimes confused with, hydrothermal 

breccias of specific interest in porphyry and epithermal deposits. These two types can often be 

distinguished by careful examination of the matrix and fragments; specifically, mineralized/altered matrix 

or fragments indicates a hydrothermal origin (see insert Story on conglomerate versus breccia at Casino, 

central Yukon, Canada). 

Late- or end-stage magmatic differentiation often can be related to economic mineralization and 

alteration of porphyry deposits. .ƻǿŜƴΩǎ όмфрсύ ǊŜŀŎǘƛƻƴ ǎŜǊƛŜǎ ǇǊƻǾƛŘŜǎ ŀ ǎƛƳǇƭŜ ƳƻŘŜƭ ŦƻǊ ǿƘȅ ǇƻǘŀǎǎƛŎ 

minerals (e.g., K-feldspar and biotite) and sodic minerals (e.g., albite) form late. In addition to the 

framework provided ōȅ .ƻǿŜƴΩǎ ǊŜŀŎǘƛƻƴ ǎŜries, most minerals in granitic rocks are anhydrous, poor in 

metals and do not entrain atoms of odd size or charge. Later magmatic differentiates tend to become 

more hydrous and increasingly enriched in potassium, sodium, fluorine, chlorine, metals (e.g., copper and 

molybdenum, and sometimes iron) and some elements of odd size or charge (e.g., boron, sulfur and 

phosphorous). Thus, end-stage phases form immiscible and hydrous tourmalinite (silica, boron, fluorine 

and metals) and magnetite-apatite (iron, phosphorous, fluorine and metals) magmas. The fluids are also 

exsolved from the magma to become hydrothermal mineralizers, resulting in the deposition of veins and 

disseminations of sulfide and oxide mineralization (e.g., chalcopyrite, bornite, pyrite, magnetite, 

cassiterite, wolframite and molybdenite) associated with porphyry deposits. 

Be sure you know from this section the: 

Č definitions for main deposit features, 

Č general characteristics of size and grade, 

Č common host rock associations, and 

Č specifics about breccias.  
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BASIC TYPES AND OVERVIEW PHOTOS  
In this section you will: 

Č learn a fundamental twofold division of porphyry deposits, and 

Č see overview photos for different porphyry deposits. 

Porphyry deposits can generally be related to two types of intrusive rocks. Those that are: 

1. Hosted mainly within genetically related batholiths that are either a) quartz-bearing, 
calcalkaline, or b) quartz-poor, alkaline and/or dioritic. 

2. Hosted in, or related mainly to, granitic dykes and/or to apices and cupolas of granitic stocks. 
3. Some porphyry deposits are hosted in volcanic and/or sedimentary rocks, but these generally 

are spatially related to the intrusive categories above. 

Sutherland Brown (1976a) divided porphyry deposits in British Columbia, Canada, into three types: 

plutonic, phallic, and volcanic. The plutonic type is equivalent to the granitic-batholith type described 

here. The phallic type is the same as the granitic dyke or stock and cupola type. The volcanic type describes 

granitic dyke or stock-cupola type deposits where the significant mineralization is within volcanic rocks 

surrounding and/or underlain by dykes, and/or stock and cupola. 

Overview photos in Figures 1 to 5 provide an overview of the large size and appearance of porphyry 

deposits of different types. These, as related to the general types above, are: 

¶ Figure 1. Calcalkaline granitic stock: Casino calcalkaline porphyry copper-molybdenum-gold 
deposit in central Yukon, Canada, 

¶ Figure 2. Quartz-rich calcalkaline granitic batholith: Endako molybdenum porphyry mine in central 
British Columbia, Canada, 

¶ Figure 3. Quartz-poor alkaline and dioritic batholith: Copper Mountain alkaline-diorite copper-
gold porphyry deposit mine near Princeton, south-central British Columbia, Canada, 

¶ Figure 4. Calcalkaline granitic cupola: Don Luis tungsten-silver greisen-porphyry prospect in 
Sonora, Mexico, and 

¶ Figure 5. Calcalkaline granitic stocks: La Colorada gold-porphyry mine in Sonora, Mexico. 

These photos show the large, potentially huge, size and overall appearance of porphyry deposits. Many 

of these porphyry deposits are, or originally were, characterized at surface by extensive rusty-limonitic 

thumbprints (e.g., Casino in Figure 1 and Don Luis in Figure 4). 

The porphyry deposits, above and as mentioned in the text that follows, are located by decimal-latitude 

and -longitude in Appendix B. Satellite imagery for these deposits are readily accessible in EarthExplorer, 

a United States Geological Survey website at https://earthexplorer.usgs.gov. 

 

https://earthexplorer.usgs.gov/
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Figure 1. Looking north to Patton Hill at the Casino calcalkaline copper-gold-molybdenum porphyry 

deposit in central Yukon, Canada. 

The deposit is related to a calcalkalic stock. 1971 photo, looking northwest, shows the rusty limonite 

thumbprint and large size common to porphyry deposits. 
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Figure 2. Aerial view of the Endako porphyry molybdenum mine in central British 

Columbia, Canada. 

The deposit is hosted within a quartz-rich calcalkaline batholith. The overall length of the pits 

is about four kilometres. 2010 photo, looking southeast, is courtesy of Centera Gold Inc., 

Vancouver, BC, Canada. 
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Figure 3. Aerial view of the Copper Mountain alkaline porphyry copper-gold mine in south-central British 

Columbia, Canada. 

The deposit is hosted within a quartz-poor alkaline and dioritic batholith. Photo, taken in 2018, looks southeast 

along the axis of pits 1 and 3 merged with pit 2 on the left. Overall, the pits in the picture span about 2.8 km. 

2015 photo courtesy of Peter Holbek, Vice President Exploration, Copper Mountain Mining Corporation, 

Vancouver, BC, Canada. 
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Figure 4. Don Luis tungsten-silver greisen-porphyry prospect in Sonora, Mexico. 

The greisen represents cupolas related to underlying stocks. 2010 poto lLooking northwest to an old adit 

within a limonite-rich area characterized by greisen and abundant brain rock with unidirectional 

solidification texture. 
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Figure 5. The Creston pit at the La Colorada gold-silver porphyry mine in Sonora, Mexico. 

This pit, photographed in 2006 and looking east, is centred on a calcalkaline stock. The bottom of the pit, 

in and immediately surrounding the water, is a granodiorite stock. The walls of the pit are carbonaceous 

sandstone/quartzite. A major east-west fault passes through the end-centre of the picture, marked by a 

colour change. Gold-silver occurs in a) veins in the stock, b) veins in the easterly trending fault, and c) veins 

and disseminations in the carbonaceous sandstone/quartzite. 

 

 

 

Be sure you understand from this section that porphyry deposits: 

Č can be subdivided into two major categories those a) hosted mainly within genetically related 
batholiths and b) hosted in or spatially related to granitic dykes and/or to apices and cupolas of 
granitic stocks, 

Č are large and commonly mined by open-pit methods, and 

Č are often initially marked by a prominent rusty-limonitic thumbprint. 
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HABITS OF MINERALIZATION AND ALTERATION 
In this section you will: 

Č review the habits of alteration that are commonly related to veins and breccias, 

Č learn the characteristics, and significance, of quartz blobs and unidirectional solidification 
texture in brain rock, 

Č understand the characteristics and origin of gusano habit, and 

Č learn about describing multiple alteration events. 

 

Common Alteration Habits in Porphyry Deposits 

The habit of alteration is generally equivalent to texture in describing how alteration occurs; however, 

some habits can embrace variable textures. Because of this, the term habit is a more explicit term than 

texture. The habits most relevant to porphyry deposits are reviewed in the book Porphyry and Epithermal 

Deposits: Mineralization, Alteration and Logging (Godwin, 2020). Descriptions are repeated here but often 

in more detail. These habits characterize porphyry deposit mineralization, so field identification is 

important. 

The most common habits (veins, selvedges, envelopes, pervasive and disseminations) of mineral 

alteration in porphyry deposits are illustrated in Figure 6. Veins are fracture fillings. Mineralization that 

occurs at the wallrock margin of the vein, but is part of the vein, is called a selvedge. Altered wallrock 

outside of the vein is called an envelope; successive envelopes can occur. Broadly altered wallrock is said 

to be pervasively altered. Disseminated mineralization occurs as discrete, scattered grains; pyrite 

disseminations are a typical example. Disseminations can occur within veins, in envelopes and pervasive 

alteration. In the literature, there are different interpretations and names for some of these habits of 

occurrence. Specifically, it is not always clear that a selvedge is part of the vein as defined here, and an 

ŜƴǾŜƭƻǇŜ ƛǎ ŎƻƳƳƻƴƭȅ ŎŀƭƭŜŘ ŀ ΨƘŀƭƻΩΣ ǿƘƛŎƘ ƛǎ ƴƻǘ ǳǎŜŘ ƘŜǊŜ ōŜŎŀǳǎŜ ŀƴ ŜƴǾŜƭƻǇŜ ƛǎ ƴƻǘ ŎƛǊŎǳƭŀǊ ōǳǘ 

planar. 

Habits of alteration common in porphyry deposits are summarized in TABLE 2, which is keyed to Figures 6 

to 16. A complete listing of habits with their three-capitalized-letter codes for describing them may be 

found in Godwin (2020). 
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Figure 6. Spatial relationships among vein, selvedge, envelope, pervasive and disseminated habits of 

alteration. 

Veins (V) are fracture fillings. The selvedge (S) is part of the vein but at the rock-fracture wall. The 

envelope (E) and pervasive habits (P) are altered host rock. Disseminations, of course, can also occur 

within veins, envelopes, and selvedges. Other abbreviations are: BI = biotite (or phlogopite: PH), CP = 

chalcopyrite, KA = kaolinite, KF = K-feldspar (orthoclase), MO = molybdenite, MS = muscovite/sericite, 

PY = pyrite and QZ = quartz, > = greater than and >> = much greater than. The figure is from Godwin 

(2020). 
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TABLE 2. Habit of alteration. 

Habit of 

alteration/ 

code/figure(s) 

Description of habit 

Breccia Breccia is a rock composed of breccia clasts that are broken 

fragments of rock or minerals that are cemented together by a 

breccia matrix that is markedly finer grained than the clasts. 

Breccia clast rotation and/or inflation is essential to the definition of 

a breccia. 

Breccia clasts 

BRC 

Figure 7 

Breccia clasts can be a) fresh rock, b) variably altered and 

mineralized during breccia formation, or c) previously altered 

and/or mineralized (e.g., quartz vein clasts or sulfide-mineralized 

breccia fragments). Fragment supported or closed describes 

breccia with a framework of touching fragments. This contrasts with 

matrix-supported or open, which describes breccia where the 

fragments do not form a touching framework. See insert Definition 

of breccia. 

Breccia matrix 

BRM 

Figure 7 

Breccia matrix consists of markedly finer grains than the 

fragments. It is variously altered and mineralized before, during and 

after breccia formation. Mineralization is often concentrated at 

fragment margins where wedge-shaped spaces open due to 

fragment rotation. Breccia matrix can display bedding formed by 

sorting from the passage of the hydrothermal fluids and gasses that 

accompanied the brecciation. 

Disseminated 

DIS or D 

Figures 6 and 8 

Disseminated refers to discrete and scattered secondary mineral 

grains dispersed throughout a rock or vein. Disseminated pyrite is 

common. Limonite boxwork shapes can sometimes identify the 

mineralogy of prior sulfides. 

Envelope 

ENV or E 

Figures 6, 9 and 

10 

Envelope is the planar zone of altered wallrock flanking and 

outside a causative vein (cf. selvedge, which is part of the vein); 

several envelopes can exist beyond a vein. Border contacts of 

envelopes are usually sharp. Original textures and minerals 

within the envelope generally are destroyedðthe term óhaloô is 

not appropriate because haloes are round. 

Flooded 

FLD 

Figure 11 

Flooded alteration occurs where a mineral (such as albite or 

quartz) or minerals (such as quartzïK-feldspar) extensively swamp 

original minerals and textures. It differs from pervasive alteration 
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because the flooding alteration mineral(s) represents a massive 

material addition. 

Gusano 

GUS 

Figure 12 

Gusano (worm in Spanish; also called ovoidal and mottled texture 

[Noble et al., 2010]) habit consists of ovoid and irregularly mottled 

or patchy, worm-like bodies several millimetres to about three 

centimetres in diameter. This habit in epithermal deposits indicates 

a shallowly underlying porphyry deposit. See insert Origin of 

gusano habit. 

Pervasive 

PER or P 

Figures 6 and 

38 

Pervasive alteration refers to wallrock beyond veins and 

envelopes that is altered throughout (versus disseminated, which 

describes discrete grains) by diffusion of hydrothermal fluids from 

veins. Pervasive alteration sometimes refers to alteration resulting 

from merging abundant envelope alteration to a uniform-looking 

altered rock. Flooded is a more appropriate description where 

there is a significant addition of alteration components. 

Porphyritic 

POR 

Figure 13 

Porphyritic describes an igneous rock with conspicuously larger 

crystals (phenocrysts) set in a finer grained to glassy matrix or 

groundmass. See also the insert Definition of porphyry. 

Selvedge 

SEL or S 

Figures 6 and 

14 

Selvedge is the zone within but at the wallrock margin of the vein. 

There is no universal acceptance of this definition; however, 

adoption as proposed here can be of exploration significance (e.g., 

a selvedge could aid beneficiation, as in the case where 

molybdenite occurs in a selvedge might be beneficiated by simple 

crushing and screening). 

Unidirectional 

solidification 

texture 

UST 

Figures 17 and 

18 

 

Unidirectional solidification texture is a habit (Shannon et al., 

1982) that defines brain rock. It is also known as ócrenulate quartz 

layersô (White et al., 1981) and ócomb-quartz layersô (Kirkham and 

Sinclair, 1988; Sinclair, 2007). Multiple and contorted quartz bands 

exhibit quartz teeth that point in the same direction, either away 

from or toward the intrusive core (i.e., toward the causative 

intrusive core or the outer country-rock). The quartz bands are 

separated by aplite, greisen, or rarely, tourmalinite. This habit 

indicates hydrous late- or end-stage magmatic formation and a 

continuous supply of magmatic-hydrothermal fluid from subjacent 

magma (Sinclair, 2007). Some world-class porphyry deposits (e.g., 

Climax and Henderson molybdenum porphyry deposits in 

Colorado, United States, and Oyu Tolgoi copper-gold porphyry 

deposit in the south Gobi Desert of Mongolia) are associated with 

UST in brain rock. For this reason alone, it demands attention as 
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an index fossil for major porphyry deposits. See also the insert 

Explanations of UST textures in brain rock. 

Quartz blobs 

(quartzolite or 

silexite) and 

associated 

quartz breccia 

QZOT, SILX, 

BRQZ 

Figure 19 

Quartz blobs (quartzolite or silexite) and quartz breccia can be 

100 m or more across. They can be associated with UST in brain 

rock, and they resemble, and may be related to, massive, quartz-

dominant pegmatite bodies. These massive quartz blobs are 

associated with some major porphyry deposits (e.g., the Ok Tedi 

mine in Papua New Guinea and the Mineral Park mine in Arizona, 

United States). 

Vein, 

macrovein and 

microvein 

VEN or V, VMA 

and VMC 

Figures 6, 9 and 

10 

Vein, macrovein and microvein in porphyry deposits should be 

viewed as fracture fillings. Descriptions can vary. For example, 

veins can have parallel or unequal sides and/or be vuggy, 

ribboned, symmetrically zoned and brecciated. Crosscutting 

relationships, symmetrical zoning and variations in mineralogy can 

define the relative timing of mineralizing episodes. Size differences 

between macroveins, veins and microveins are commonly defined: 

macrovein = greater than 10 cm; vein = 1 mm to 10 cm; and 

microvein = less than 1 mm. All veins Detailed studies of veins 

within porphyry deposits commonly subdivide them into a, b, c and 

d types following Gustafason and Hunt (1975). Microscopic fluid 

inclusion studies can divide them into I, II, III and IV types (Nash, 

1976). 

Veins, sheeted 

VSH 

Figures 9 and 

15 

Veins, sheeted, describes numerous, densely spaced subparallel 

veins. 

Vein 

stockwork 

VSK 

Figure 16 

Vein stockwork describes abundant, crisscrossing veins over a 

large area. The density of the veins is too great to define them 

individually easily. 

Weathering 

WET 

Figures 10 and 

15 

Weathering describes how soil and rocks are changed by surficial 

agents, causing mechanical and chemical changes and/or 

disintegration. 
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Breccia: Breccia Clasts and Breccia Matrix Habits 

Essential characteristics of breccia, breccia clasts and breccia matrix are shown in TABLE 2 and Figure 7. 

(See also insert Definitions of porphyry, breccia, breccia pipes and greisen.) 

Breccia is a rock composed of breccia clasts that are broken fragments of rock or minerals that are 

cemented together by a breccia matrix that is markedly finer grained than the clasts. The composition of 

the breccia matrix can be like, or different from, the composition of the breccia clasts. Breccia clast 

rotation and/or inflation is essential to the definition of a breccia. 

Breccia clasts can be fresh rock, variably altered and mineralized during breccia formation, or previously 

altered and/or mineralized (e.g., quartz vein clasts or sulfide-mineralized breccia fragments). Mineralized 

vein or breccia fragments or clasts within a breccia indicate multiple mineralizing/brecciation episodes; 

multiple mineralizing episodes signal multiple opportunities for significant ore mineralization. Fragment-

supported or closed describes breccia with a framework of touching fragments. Matrix-supported or open 

describes breccia where the fragments do not form a touching framework. In general, matrix-supported 

breccia indicates a higher energy of emplacement than fragment-supported breccia. A sliced surface of 

fragment-supported breccia will have about 50% matrix that might appear to be matrix-supported on a 

cut surface (imagine slicing a bowl of packed marbles). See insert Definition of breccia. 

Breccia matrix consists of markedly finer grains (it can be rock flour) than the fragments. It is variously 

altered and mineralized before, during and after breccia formation. Mineralization is often concentrated 

at fragment margins where wedge-shaped spaces open due to fragment rotation. Thus, wedge-shaped 

sulfide- or limonite-rich wedges are often key indicators of breccia; these tend to be more abundant at 

the margins of breccia bodies. Breccia matrix can display bedding formed by sorting from the passage of 

the hydrothermal fluids and gasses that accompanied the brecciation. Bedding in breccia can also indicate 

the surface infill of craters formed by breccia intrusion. 

Disseminated Habit 

Disseminated habit (Figures 6 and 8) describes the scattered occurrence of a discrete mineral (or 

minerals) in a rock. Well known to all geologists is the common occurrence of disseminated pyrite. Figure 8 

shows two examples of supergene-altered, disseminated sulfide mineral grains altered to limonite. The 

specimen in Figure 8a is also characterized by shatter cleavage, which is a significant marker for breccia 

bodies in porphyry deposits (see the section on breccia; Figures 20, 21 and 24; TABLE 5, and insert Story 

about shatter cleavage, an index fossil). 
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ŀύ  ōύ  
 

Ŏύ  Řύ  

Figure 7. Breccia, breccia clasts, breccia matrix, and ópseudobrecciaô or ócrackle brecciaô. 

ŀύ aŀƎƳŀǝŎ ƳŀƎƴŜǝǘŜπŀǇŀǝǘŜ ōǊŜŎŎƛŀ ƛǎ ŦǊƻƳ ǘƘŜ LƴƎǳŀǊŀƴ ǇƻǊǇƘȅǊȅ ǇǊƻǎǇŜŎǘΣ ŎŜƴǘǊŀƭ aƛŎƘƻŀŎŀƴΣ 

aŜȄƛŎƻΦ ōύ IȅŘǊƻǘƘŜǊƳŀƭ ŎƻōōƭŜ ōǊŜŎŎƛŀ ƛǎ ŦǊƻƳ ǘƘŜ /ŀǎƛƴƻ ǇƻǊǇƘȅǊȅ ŎƻǇǇŜǊπƎƻƭŘπƳƻƭȅōŘŜƴǳƳ 

ŘŜǇƻǎƛǘ όDƻŘǿƛƴΣ мфтрΤ .ƻǿŜǊ Ŝǘ ŀƭΦΣ мффрύΣ ŎŜƴǘǊŀƭ ¸ǳƪƻƴΣ /ŀƴŀŘŀΦ .ǊŜŎŎƛŀ Ŏƭŀǎǘǎ ŀǊŜ ǘƻǳǊƳŀƭƛƴƛȊŜŘ 

ŎƻōōƭŜǎ όōƭŀŎƪ ǎǇŜŎƪǎΣ ƛƴŘƛŎŀǝƴƎ ǇǊŜπōǊŜŎŎƛŀǝƻƴ ƳƛƴŜǊŀƭƛȊŀǝƻƴύΦ IȅǇƻƎŜƴŜ ǎǳƭŬŘŜ ƳƛƴŜǊŀƭƛȊŀǝƻƴ ƛǎ 

Ƴŀƛƴƭȅ ƛƴ ǘƘŜ ōǊŜŎŎƛŀ ƳŀǘǊƛȄΦ tǊƻƳƛƴŜƴǘ ǿŜŘƎŜǎ ƻŦ ōǊƻǿƴ ƭƛƳƻƴƛǘŜ ƻŎŎǳǊ ŀǘ ŎƻōōƭŜ ōƻǳƴŘŀǊƛŜǎ 

ōŜŎŀǳǎŜ ƻŦ ǎǇŀŎŜǎ ƻǇŜƴŜŘ ŦǊƻƳ ŦǊŀƎƳŜƴǘ ǊƻǘŀǝƻƴΦ Ŏύ IȅŘǊƻǘƘŜǊƳŀƭ ōǊŜŎŎƛŀ ǊŜǇƭŀŎŜŘ ǿƛǘƘ 

ǇȅǊƻǇƘȅƭƭƛǘŜ όǿƘƛǘŜύ ŀƴŘ ŘǳƳƻǊǝŜǊƛǘŜ όōƭǳŜύΦ ¢ƘŜ ǎǇŜŎƛƳŜƴ ƛǎ ŦǊƻƳ ǘƘŜ LǎƭŀƴŘ /ƻǇǇŜǊ ƳƛƴŜΣ ƴƻǊǘƘŜǊƴ 

±ŀƴŎƻǳǾŜǊ LǎƭŀƴŘΣ .ǊƛǝǎƘ /ƻƭǳƳōƛŀΣ /ŀƴŀŘŀ ό/ŀǊƎƛƭƭ Ŝǘ ŀƭΦΣ мфтс ŀƴŘ tŜǊǊŜƭƭƽ Ŝǘ ŀƭΦΣ мффрύΦ Řύ hǳǘŎǊƻǇ 

όƭƻŎŀǝƻƴ ǳƴƪƴƻǿƴΣ ŀōƻǳǘ н Ƴ ŀŎǊƻǎǎύ ƛƭƭǳǎǘǊŀǘŜǎ ŀ ŎƻƳƳƻƴƭȅ ŎŀƭƭŜŘ ϥǇǎŜǳŘƻōǊŜŎŎƛŀϥ ƻǊ ΨŎǊŀŎƪƭŜπ

ōǊŜŎŎƛŀΩΦ IƻǿŜǾŜǊΣ ǘƘŜǎŜ ǘŜǊƳǎ ǎƘƻǳƭŘ ƴƻǘ ōŜ ǳǎŜŘ ōŜŎŀǳǎŜ ŦǊŀƎƳŜƴǘ Ǌƻǘŀǝƻƴ ŀƴŘκƻǊ ƛƴƅŀǝƻƴτ

ŜǎǎŜƴǝŀƭ ǘƻ ǘƘŜ ŘŜŬƴƛǝƻƴ ƻŦ ŀ ōǊŜŎŎƛŀτŘƻŜǎ ƴƻǘ ƻŎŎǳǊΦ 
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a).  b)  

Figure 8. Disseminated habit. 

Specimens are from the Casino deposit (Godwin, 1975; Bower et al., 1995), central Yukon, Canada. a) 

Disseminated limonite (brown spots) after sulfide in granitic rock with shatter cleavage (the disc is 5 mm 

in diameter). b) Thin section showing disseminated limonite (jarosite) boxwork. The pyritohedral boxwork 

shape identifies the original mineral as pyrite. The specimen is from a pyrite halo in phyllic alteration 

(originally quartz, sericite, and pyrite). Limonite grain in the centre of the thin section is 2 mm in diameter. 

 

Envelope Habit 

Envelope habit describes the zone of altered wallrock flanking and outside a vein (Figures 6, 9 and 10). 

Successive envelopes can exist but are not common. Original textures and minerals in the country-rock 

ƘŀǾŜ ƻŦǘŜƴ ōŜŜƴ ŘŜǎǘǊƻȅŜŘΦ ¢ƘŜ ǘŜǊƳ ΨƘŀƭƻΩ ƛǎ ƴƻǘ ŀǇǇǊƻǇǊƛŀǘŜ ōŜŎŀǳǎŜ ŜƴǾŜƭƻǇŜǎ ŀǊŜ ǇƭŀƴŀǊΣ ƴƻǘ ŎƛǊŎǳƭŀǊΦ 

Note that selvedge, as defined here, refers to vein mineralization at the wallrock contact. Some definitions 

equate selvedge with envelope, negating the opportunity to uniquely describe both selvedges (within and 

at vein margins) and envelopes (outside but adjacent to veins). 

Flooded Habit 

Flooded habit describes rock that has been inundated with an alteration mineral such as quartz, K-

feldspar, albite, or carbonate (Figure 11). The flooding commonly results from coalescence of envelopes 

developed around veins and microveins. The resulting product can look like massive rock. 
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a)  

b)  

Figure 9. Drill core illustrating envelope habit. 

Specimens about 4 cm in diameter are from the Inguaran porphyry prospect, Michoacan, 

Mexico. a) Veins of chalcopyrite greater than quartz with distinct sericite-quartz envelopes. b) 

Even where chalcopyrite-quartz veins are not apparent, envelopes of quartz-sericite flanking 

microveins/fractures are apparent. Splitting the rock along the microveins/fractures reveals 

traces of quartz and chalcopyrite on the fracture faces. Note that in a) and b), the sericite looks 

green but is not chlorite. The parallel veins with envelopes additionally can be described as 

sheeted veins (see Figure 15). 
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a)  b)  

Figure 10. Veins and envelopes, locally with malachite from weathering. 

Photos are from the Inguaran porphyry prospect in Michoacan, Mexico. a) Quartz vein with a quartz-

sericite envelope and secondary malachite from weathering, reflecting the copper sulfide within the vein. 

b) Quartz veins with more bornite than chalcopyrite and envelopes of more muscovite than quartz 

representing phyllic alteration (note that the envelope width almost exceeds that of the drill core; 

envelope width would be evident in longer sections of drill core). 

 

Index Fossil Gusano Habit  

Gusano habit (also called ovoidal and mottled texture [Noble et al., 2010]) consists of worm-ƭƛƪŜ όΨƎǳǎŀƴƻΩ 

is a worm in Spanish), ovoid and irregularly mottled or patchy bodies. Generally, several millimetres to 

about three centimetres in diameter (Figure 12), they are up to 20 cm in maximum dimension. Gusano 

bodies are usually composed of intermixed pyrophyllite and alunite in a fine-grained quartz or chalcedony 

matrix. Boundaries of gusano-textured bodies are sharp against a matrix of lithocap rock in an epithermal 

environment. Gusano bodies imply the likely presence of an underlying porphyry deposit (i.e., in the order 

of 300 m to 500 m) that is enhanced by the presence of copper-bearing minerals (e.g., covellite). A 

theoretical origin of gusano habit is described in the insert Origin of gusano habit. Gusano habit in 

epithermal lithocaps is an index fossil for potential porphyry deposits at depth. 

Origin of gusano habit: a theory. 

Gusano habit forms from immiscible, fluid- and vapour-rich and silica-rich blebs (Noble et al., 2010). These 

blebs, deformed to variable ovoid shapes, are of magmatic origin and are derived from the outgassing of 

underlying magmas with porphyry deposit potential. The magmatic origin of the blebs is supported by the 

associated pyrophyllite that forms at magmatic temperatures. 
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a)  b)  

Figure 11. Flooded habit. 

Flooded white albitic alteration in a) and b) is from the Ajax alkaline porphyry deposit in south-central 

British Columbia, Canada. The albitic alteration coalesces from envelopes around sulfide-bearing veins 

and microveins to form flooded, massive, white rock. K. Ross took photos in 1991 (Ross et al., 1995). 

 

Porphyritic Habit 

Porphyritic habit describes porphyries with conspicuous phenocrysts (larger crystals) set in a finer grained 

to glassy matrix or groundmass (Figure 13). Timing of intrusion for these rocks as stocks and dykes is 

essential and leads to pre-, syn- or post-ore mineralization classification. Some porphyritic rocks explode 

into breccia. They can also exude hydrothermal fluids leading to ore mineralization and alteration. 

'Productive porphyries' can be identified by a) the abundance of hydrous, mineral phases (e.g., biotite is 

more hydrous than hornblende), b) the degree to which mineral components are late differentiates (e.g., 

abundant K-feldspar, albite, and biotite), and c) the presence of sulfides or other valuable minerals not 

typically found in igneous rocks. 'Productive porphyries' positively correlate with hydrothermal alteration 

(including ore minerals) and breccia formation. A common statement is that 'wet porphyries' are more 

importantτespecially if ore-mineral bearingτthan 'dry porphyries' in the genesis of porphyry deposits. 
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a)  b)  

c)  d)  

Figure 12. Gusano habit an index fossil for potential porphyry deposits at depth. 

Gusano habit is also known as ovoid and mottled texture. Ovoids consist mainly of pyrophyllite and 

alunite. Gusano habit in a high-sulfidation epithermal environment is an index fossil for potential 

underlying porphyry deposits. Scales in the photos are (a) magnet-scriber, (b and c) ǇǊƻǎǇŜŎǘƻǊΩǎ ǇƛŎƪ ŀƴŘ 

d) ovoid in the centre is 3 cm across. John Bradford took the photos in 2015 at the Tanzilla epithermal-

porphyry prospect, northwestern British Columbia, Canada. 
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a)  b)  

c)  

Figure 13. Examples of óproductiveô or ówetô syn-ore porphyry. 

a and b) are Patton porphyry from the Casino deposit, central 

Yukon, Canada (disk is 0.5 cm in diameter; Godwin, 1975; Bower 

et al., 1995). a) Is unstained porphyry illustrating prominent 

plagioclase and biotite phenocrysts. b) Shows the fine-grained 

matrix has abundant K-feldspar (stained yellow with 

cobaltinitrite after hydrofluoric acid etching). The abundant 

biotite and K-feldspar support the interpretation that the Patton 

porphyry is a hydrous or 'wet' or ΨproductiveΩ syn-ore porphyry 

responsible for at least some mineralization at Casino. c) Is float 

of unknown origin is potentially ŀ ΨǿŜǘΩ ƻǊ ΨǇǊƻŘǳŎǘƛǾŜΩ ǎȅƴ-ore 

porphyry because of the abundant dark biotite and finely 

disseminated sulfide (emphasized by the limonite weathering). 

Selvedge Habit 

Selvedge is the zone at the wallrock margin of the vein but within the vein (Figures 6 and 14). 

Although not universally defined this way, adoption as defined here can be of exploration 
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significance. For example, molybdenite selvedge can enhance beneficiation by simple, relatively 

cheap screening. 

 

Figure 14. Selvedge of quartz in contact with the wallrock, but within and the outer part of the 

vein. 

Selvedge of quartz is in contact with the wallrock but is the outside part of the vein. The example 

is from Goldfield, south-central Nevada, United States. 
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Sheeted Vein Habit 

Sheeted veins are multiple, subparallel veins (Figures 9 and 15). Within a deposit, they can occur locally, 

or they can characterize the overall veining habit. 

 

 

Figure 15. Outcrop illustrating sheeted veins. 

Sheeted quartz-chalcopyrite veins (locally weathered to malachite) with muscovite-quartz (phyllic) 

envelopes are from the Inguaran porphyry prospect, central Michoacan, Mexico (see also Figure 9). 

 

Stockwork Vein Habit 

Stockwork vein habit describes large numbers of densely crisscrossing veins over a large area (Figure 16). 

The veins are too numerous to describe individually easily. Quartz-vein stockwork and carbonate-vein 

stockwork is common. 
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a)  b)  

Figure 16. Stockwork quartz veins. 

Stockwork is characterized by crisscrossing quartz veins. a) Stockwork quartz veins in wallrock adjacent 

to, but outside of, the Braden Pipe at El Teniente, central Chile. b) Stockwork quartz veins from the 

Caballo Blanco porphyry prospect, Veracruz, Mexico. 

 

Index Fossils: Unidirectional Solidification Texture (UST) or Habit in Brain Rock, Quartz Blobs and 

Quartz Breccias 

Unidirectional solidification texture (UST; Shannon et al., 1982; Kirwin, 2005) describes multiple 

contorted quartz layers in 'brain rock' (Figures 17 and 18) that forms in the apices or cupolas of highly 

differentiated and hydrous plutons. The teeth in each quartz layer points in the same direction. The 

texture is also known as 'crenulate quartz layers' (White et al., 1981) or 'comb-quartz layers' (Kirkham and 

Sinclair, 1988; Sinclair, 2007). Debatable origins of this texture are elaborated on in the insert Explaining 

UST banding in brain rock. 

The quartz teeth point inward toward the core of the associated hydrous intrusion, according to Kirkham 

and Sinclair (1988) and Sinclair (2007). However, Figure 18 indicates that the teeth are pointing outward 

away from the core. Determining the direction is complicated by the complex convolutions of the UST 

quartz layers.  

Aplite is most common between the quartz layers in brain rock. However, greisen (dominantly muscovite 

and quartz [Figures 17 and 18]), not previously noted in geological literature, occurs between the layers 

at the Don Luis greisen prospect in Sonora, Mexico. Tourmalinite between the quartz bands has been 

noted by Kirwin (2005). 

UST in brain rock is commonly associated with molybdenum porphyry deposits. Other localities include 

the Glacier Gulch molybdenum deposit in British Columbia, Canada; the Logtung tungsten molybdenum 

porphyry deposit in south-central Yukon, Canada, and the Don Luis greisen-porphyry prospect in central 

Sonora, Mexico. 

Brain rock is a potential index fossil for major porphyry deposits because it occurs in several world-class 

porphyry deposits. For example, brain rock occurs at the Climax and Henderson molybdenum porphyry 
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deposits in Colorado, United States, and the Oyu Tolgoi copper-gold porphyry deposit in the south Gobi 

Desert of Mongolia. The occurrence of this habit demands attention, if only because some world-class 

deposits are known to have these features. 

 

a)  b)   )  

Figure 17. Unidirectional solidification banding in brain rock (index fossil). 

Greisen in these photos separates the quartz layers and is locally weathered to black 

pyrolusite because the muscovite is rich in manganese. a) Shows typical brain-like multiple 

layering resulting in the name 'brain rock'. a) and b) emphasize the consistent pointing 

direction of the quartz teeth up in both photos. The large quartz tooth in the centre of the 

photo b) is 3 cm long, in c) it is 1 cm long. The draping of the layers around the central quartz 

tooth in b) and c) cannot have been formed by structural deformation, as suggested in some 

literature. Photos are of specimens from the Don Luis greisen prospect in Sonora, Mexico. 

 

Story about brain rock with unidirectional solidification texture. 

Brain rock with universal solidification texture was identified some time ago at the Climax and Henderson 

molybdenum mines (White et al., 1981) in Colorado, United States. The company geologists at that time 

thought that brain rock with this texture was a critical, positive feature for ore-discovery. Consequently, 

believing it to be a major marker for mine discovery, they searched energetically, widely, and secretly for 

other deposits that hosted brain rock with unidirectional solidification texture. They clearly believed it to 

be a significant ore guideτan index fossil for porphyry deposits. 
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Figure 18. Brain rock with unidirectional solidification bands in contact with earlier, surrounding 

feldspar-quartz porphyry at the Don Luis greisen prospect in Sonora, Mexico. 

Contact (CON = red dashed line) of brain rock characterized by unidirectional solidification texture 

(BRAN-UST with the V in the quartz-tooth direction) with intruded feldspar-quartz porphyry host rock 

(PPFQ). Teeth in brain rock point toward the contact, away from the greisen centre based on the regional 

mapping. Both layering in the brain rock and the parallel layers in the porphyry host rock resemble 

'diffusion bands', as in Liesegang rings. 

 

Quartz blobs and associated quartz breccia (Figure 19), although rare, have been noted at some 

significant porphyry copper-molybdenum deposits (OK Tedi in Papua New Guinea [Bamford, 1972]; 

Mineral Park mine, Arizona, United States [Wilkinson et al., 1982]) and greisen porphyry deposits (Don 

Luis, Sonora, Mexico [Figure 19]). At Don Luis, the quartz blobs are also associated with UST in brain rock. 

The quartz blobs (quartzolite or silexite) resemble massive, quartz-dominant pegmatite bodies. These 

massive quartz bodies (Figure 19) are associated with calcalkaline stocks, quartz breccia, greisen deposits 

and some major porphyry deposits. Thus, brain rock, quartz breccia and quartz blobs are index fossils for 

porphyry deposits. 
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a)   b)  

Figure 19. a) Massive magmatic quartz blob and b) associated quartz breccia at Don Luis greisen-

porphyry prospect in Sonora, Mexico. 

Quartz breccia and brain rock with unidirectional solidification texture occur at the margins of the quartz 

blob. 

 

Explaining UST banding in brain rock. 

The traditional interpretation for UST formation is based on the albite-quartz-orthoclase ternary diagram 

of Tuttle and Bowen (described in Carmichael et al., 1974 and Kirwin, 2005; cf. White et al., 1981 and 

Erdenebayar et al., 2014). Variations in water vapour pressure move the system back and forth from the 

cotectic (where aplite is precipitated) to the quartz field (where quartz only is precipitated). This scheme 

requires repeated back and forth pressure fluctuations from the quartz field to the exact point of the 

cotectic, which is postulated to have been caused by periodic rupture of the wallrock. Rare UST within 

aplite dykes at the Yerington porphyry deposit in Nevada are interpreted by Carter et al. (2021) as due to 

such rapid pressure changes causing the quartz to precipitate from fluids exsolved from an apatite crystal 

mush via 'first type' boiling (Candela, 1989). This interpretation does not address a) the cause of repeated 

pressure change, b) the consistent orientation quartz crystals in every layer and c) composition of 

intermediate layers that are not aplite (e.g., greisen and tourmalinite). 

A brain rock contact with intruded feldspar-quartz porphyry is shown in Figure 18. Note that a) UST 

quartz teeth point toward the contact, away from the greisen centre (in the direction of the red 'V'), and 

b) parallel layers in the feldspar-quartz porphyry look like 'diffusion bands'. A possible interpretation is 

that the quartz teeth point in the flow direction of the hydrothermal fluid that forms them. This flow will 

be outward from crystallizing rock in the cupola, which, because the crystallizing rock is relatively 
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anhydrous, exudes hydrothermal solutions. Typically, this will be from the core of the cupola outward, 

but a cupola carapace solidifying inward might exude fluids inward. 

Quartz crystals in unidirectional solidification layers might have formed by a diffusion mechanism. The 

multiple layers formed could be analogous to the formation of Liesegang rings. Diffusion of a silica-water 

hydrothermal fluid would result in the water component moving more rapidly than the silica component. 

Lagging silica transport causes an increase in silica concentration. Upon supersaturation of silica, quartz is 

precipitated Crystals continue to grow in the direction of fluid flow forming unidirectional quartz teeth. 

Because silica is being precipitated, the water passing the band is silica poor and quartz is not precipitated 

immediately past the quartz crystal layer. As the fluid continues to advance, the silica again builds up until 

quartz is precipitated. This matches the way Liesegang rings form as suggested by William Ostwald, and 

summarized in the following quote from Nakouzi and Steinbock (2016): 

"Specifically, the diffusion . . . increases the local ion concentrations beyond a threshold supersaturation 

value. As a result, microcrystals begin to nucleate and grow, creating a distinct precipitation band that 

eventually lowers the ion concentrations in its close vicinity. Accordingly, the precipitate does not grow 

homogeneously throughout the reaction medium; instead, the diffusion of reactant ions creates 

supersaturation conditions at a farther location, leading to the formation of another precipitation band. 

The precipitate then self-organizes into characteristic Liesegang bands that are rich in crystal aggregates 

and gaps which contain almost no crystals." 

The fluid flow that makes the bands in brain rock is probably through a nonhomogeneous crystal mush, 

resulting in different path lengths to supersaturation. The unique individual quartz crystals and 

prominence of some (e.g., the larger tooth-like quartz crystals in Figures 17b and 17c) might be related to 

a) phase separation, where silica naturally breaks up into separate gobs that clump together because of 

different density from surrounding crystal mush, b) crystallization of silica gobs within a continuing flow 

of diffusing fluids and c) 'post nucleation', where relatively larger crystals grow where there is more 

permeability at the expense of the smaller crystals. A Liesegang-like method of origin of UST in brain rock 

appears to explain adequately a) bands composed uniquely of quartz, b) repeating, multiple quartz bands, 

c) common orientation of quartz-tooth crystals, d) locally enhanced growth of specific quartz teeth, e) 

non-structurally deformed brain-like contortions, and f) variable compositions of layers between the 

quartz bands. If the hydrothermal fluids that form UST are ore-fluids related economic mineralization 

might form. 

Index Fossil: Shatter Cleavage Related to Breccia 

Shatter cleavage, also described as ΨǎƘƛƴƎƭŜ ŎƭŜŀǾŀƎŜΩ and ΨǎƘŜŜǘƛƴƎΩ ōȅ {ƛƭƛǘƻŜ ŀƴŘ {ŀǿƪƛƴǎ όмфтмύ ŀƴŘ 

ΨǎƘŜŜǘ ŦǊŀŎǘǳǊƛƴƎΩ ōȅ !ƭƭŜƴ όмфтмύΣ ƛǎ ƛƭƭǳǎǘǊŀǘŜŘ ƛƴ CƛƎǳǊŜǎ 8, 20 and 21 (see also insert Story on index fossil 

shatter cleavage). Shatter cleavage has been identified at some significant porphyry deposits, including a) 

Casino (Godwin, 1973 and 1975; Figures 8 and 20) in central Yukon, Canada, b) El Teniente (Figure 21a) in 

central Chile, c) Sierra Gorda, in northern Chile, and d) Galore Creek (Figure 21b) in northern British 

Columbia, Canada. These associations with significant porphyry deposits indicate that shatter cleavage is 

an important habitτsimultaneously an index fossil for breccia pipes and porphyry deposits. The origin of 

the closely spaced, generally sub-horizontal or sub-vertical fractures is controversial. However, since 

shatter cleavage is closely associated spatially with breccia pipes, the author has postulated that shatter 
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cleavage represents multiple extension fractures related to brisance (shattering capability) present during 

the highly explosive emplacement of breccias (Godwin, 1973, 1975, 1976). 

 

a)   )  c)  

Figure 20. Index fossil shatter cleavage from the Casino porphyry copper-gold deposit in central 

Yukon, Canada. 

Closely spaced, parallel fractures are apparent in a) drill core (1/2 in = 1.3 cm), b) detailed surface of drill 

core (disk diameter is 5 mm), and c) thin section (fracture spacing about 0.25 mm). 

 

Story about shatter cleavage, an index fossil. 

I first encountered shatter cleavage at the Galore Creek alkaline porphyry copper deposit in northern 

British Columbia, Canada, in 1963 (Figure 21b). One could readily pull a handful of horizontal, shingle-like 

sheets of rock from the outcrop. Later, in 1969, I recognized it at the Sierra Gorda porphyry copper deposit 

in central northern Chile, where it surrounded a breccia pipe. I learned then that shatter cleavage was 

well documented by Howell and Melloy (1960) at the surface around the Braden Pipe at the El Teniente 

porphyry copper mine in central Chile. In 1971. I also encountered shatter cleavage at Casino, central 

Yukon, Canada. As a result of these experiences, I formed the opinion that shatter cleavage resulted from 

multiple extension fractures caused by explosive waves related to the emplacement of breccia pipes 

(Godwin, 1973, 1975, 1976). As such, I consider shatter cleavage to be an index fossil for breccia pipes and 

associated porphyry deposits. Because, I like to say, although not always true, that ΨI have never seen a 

breccia pipe that I did not want to drill!Ω shatter cleavage identification is important. 

Other interpretations about the origin of shatter cleavage have been made, notably by Allen (1971; sheet 

fractures resulting from anhydrite formation in the Galore Creek porphyry, northern British Columbia, 

Canada), and Sillitoe and Sawkins (1971; vertical sheeting along margins of tourmaline breccia pipes in 

Chile). Onion-skin spall (Lovering, 1949) that occurs on some margins of quartzite pebbles in the Tintic 

Breccia in Utah, United States, might have a related origin. 

 

 

 










































































































































































































































