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Multiple sets of high-angle to subhorizontal 

mineralized fractures are ubiquitous in 

basement rocks investigated to date.



Ubiquitous fracturing may provide a 

pathway for diffusion through 

permeable basement rocks.



Marsh and Holland (2016)



2mm

Modified from Marsh and Holland (2016)



Mineralized fractures 

include a 2-5mm thick 

subvertical carbonate 

vein with basement 

clasts and slickensides.

Modified from Marsh and Holland (2016)



2 cm



Illite/Chlorite clay-

dominant layer along 

contact with host rock, 

shows sheared fabric

2 mm

Rhyolite 

clasts



Illite/Chlorite clay-

dominant layer along 

contact with host rock, 

shows sheared fabric,

cross-cuts other vein 

textures 

2 mm

Cemented calcite, some 

variance but mostly equant

Heterogeneous calcite with illite and 

dolomite, porosity, incoherent structure.

Interpreted as fluidized injection.

2 mm



2 mm

Grainsize reduction and 

dolomite authigenesis 

along boundary

100 μm

Twinning and recrystallization textures in 

calcite consistent with high strain at 

temperatures below 170° C



Embayment and development of lenses 

in pre-existing clay-rich alteration zone
Formation of carbonate clasts 

containing host fragments

5 mm

“Massive” fine-grained, 

homogeneous texture



5 mm

Overall chaotic fabric, but weak alignment 

of clays and carbonate fragments 

developing around host rock clast.





2 mm2.5 cm

Leaching, visually 

similar to the Jones 46

Modified from Marsh and Holland (2016)
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2mm

2mm

Unusual 

material 

present in 

several spots, 

always 

localized to 

fractures. 

Variably alters 

to carbonate 

or clay with 

minor 

carbonate.

Commonly 

contains 

breccia 

fragments and 

evidence of 

shear, contact 

with host rock 

has 

slickensides.



2mm

2mm

Textural 

resemblance to 

hydrothermally-

altered 

vesicular dacite 

glass, led to 

hypothesis of 

altered 

pseudotachylyte

Gifkins et al., 2005



2mm

2mm

Textural 

resemblance to 

hydrothermally-

altered 

vesicular dacite 

glass, led to 

hypothesis of 

altered 

pseudotachylyte

Textural 

evidence for 

multiple events 

of damage 

and/or fluid 

alteration

Continued slip 

after formation 

and 

mineralization

2mm1mm



Possible 

dilational 

breccias.

Secondary 

carbonate and 

quartz almost 

completely 

overprints 

original texture, 

dark material is 

hematite-

dusted chlorite 

with some 

“Illite”.

5 mm



5mm



Injections

5mm

Tensile 

Fractures



1 mm

Hematite dusting in chlorite under 

backscattered electron imaging appears 

to contain a flow fabric.

Unusual mineralogy including 

Synchysite-(Ce) and Yttrium phosphate

(Xenotime, Churchite or Rhabdophane-Y) 



Spheroidal 

Chlorite 

fans

Inward-growing 

Yttrium 

Phosphate

Corroded host 

rock fragments

Synchysite-(Ce)



2mm

2.5 cm
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