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SC11-029, 56m: in-situ tubesMotivation
Millimeter-scale irregular tubes of isopachous and colloform sulfide mineralization are an unusual feature of the Mesoproterozoic 
Newland Formation at Black Butte, Meagher County, Montana.  McGoldrick & Zieg (2004) proposed that these structures represent 
tubes formed around microbial filaments.  If so, these ~1.4Ga structures would represent some of the earliest large multicellular 
fossils.  It is thus important to consider abiotic origins for the mineralized tubes.  Here, petrographic and sulfur isotope data are 
presented to characterize the tubes so that they may be compared to mineralization features observed in submarine concen-
trated hydrothermal vents.  Regardless of the origin of the tubes, sulfur isotope data may also constrain important biogeochemical 
fluxes in the Belt Basin.

Setting
The Black Butte deposit is a sedimentary-exhalative (SEDEX) massive sulfide deposit in the northern Helena Embayment, an east-
ern arm of the lower Belt-Purcell Basin possibly resulting from transtension along a major transform in the Belt rift system.  The de-
posit is hosted by the Newland Formation, a sub-wavebase calcareous shale with dolomite conglomerate debris flows that shoals 
up to cyclic carbonates-siliciclastic units (Winston & Link 1993).  The deposit consists of two major sulfide zones.  The Upper Sulfide 
Zone is in the hanging wall of the Late Cretaceous Volcano Valley thrust fault, which likely ramped up syndepositional south-
dipping Mesoproterozoic normal faults that may have focused hydrothermal fluids.  The Lower Sulfide Zone is in the footwall of 
the Volcano Valley fault.  The sulfide zones are stratabound Cu-Co-Ag indicated resources (Graham et al., 2012).

Methods
 All samples are from Tintina Resources.  Characterization of the tubes from the Upper Sulfide Zone was accomplished by re-
flected light petrography of thick sections.  One section (SC11-029, 56m) was examined by scanning electron microscopy with 
electron dispersion spectroscopy for qualitative elemental compositions.
 Sulfide-sulfur isotopic composition was determined on two gold-coated thick sections by Secondary Ion Mass Spectrometry 
(SIMS) on a Cameca 7f-Geo at Caltech.  The ratio of sulfur masses 34 and 32 was determined to a 0.4‰ (1σ) precision with a 1nA 
Cs+ primary beam and a spot size of 20μm.  Measured ratios were standardized for all sulfide minerals against an in-house pyrite 
standard mounted in the thick section and analyzed alongside the sample.
 Sulfate-sulfur isotopic composition of barite and Carbonate Associated Sulfate (CAS) was determined on micro-drilled pow-
ders from polished drill core slabs.  50-300μg of barite or ~10mg of silty dolomite were pre-cleaned by sonicating 4hr in a 10% 
NaCl solution and then rinsing 3x in Milli-Q water, centrifuging and removing the supernatant between each step.  Carbonates 
were dissolved in 0.5N trace-metal pure HCl and barites were dissolved by exchange with a concentrated sodium carbonate solu-
tion (Breit et al., 1985). Sulfate was purified from other ions with Biorad AG-1-X8 anionic exchange resin before analysis in dupli-
cate as aqueous sulfate by Multi Collector Inductively Coupled Plasma Mass Spectrometry (MC-ICP-MS) on a Thermo Finnegan 
Neptune Plus at Caltech (Paris et al., 2013).  Precisions are better than 0.4‰ (1σ) on 5-300nmol of sulfate.

Tube petrography
Porous, irregular networks of colloform and isopachous pyrite cements invade early diagenetic barite and dolomite
Later sulfide overgrowth on earlier framboidal and spherulitic pyrite results in a mottled texture of tube walls, which are 100-
300μm thick
Tube interiors are irregular elliptical voids 1-3mm wide that are partially filled by quartz or dolomite, and rimmed by a late 
coarsely-crystalline pyrite phase that also overgrows earlier minerals
Marcasite, later pyrite phases, chalcocite, and chalcopyrite fill interstitial spaces between earlier minerals.
Remnant porosity is filled predominantly by coarse pyrite and quartz, or by minor tennantite or covellite

Sulfide results

Unexpectedly large range (over 45‰) of sulfide-sulfur isotopic compositions on a centimeter scale, which ex-
ceeds the range of previously observed values from the Newland Fm.

Relative to sulfate minerals (+14 to +20‰) that may be a proxy for Belt seawater, sulfide minerals are both 
highly depleted (as low as -17‰) and highly enriched (as high as +40‰).

Sulfate results

Carbonate Associated Sulfate data is in solid boxes, and barite data is in open boxes.  The new MC-ICP-MS 
data is comparable to the existing data, with a mean of ~15‰.  This may represent Belt seawater sulfate, 
but closed-system enrichment in pore fluids by microbial sulfate reduction may skew the results.  In this 
case, the lightest values (~10‰) would represent an upper limit for aqueous sulfate.

Discussion
The paragenesis of the pyrite tubes is consistent with multiple stages of synsedimentary or diagenetic 
mineralization (Graham et al., 2012; White et al., 2013), and may be consistent with a focused hydrother-
mal vent model.  Modern black smokers, typically analogous to volcanogenic massive sulfide (VMS) de-
posits rather than SEDEX deposits, exhibit similar textural features to the colloform and spherulitic sulfides 
observed here.

In black smokers, hydrothermal fluids vent to cold seawater where an initially porous screen of gangue 
and colloform sulfide minerals precipitates.  As porosity occludes, advection of heat into the center of the 
young chimney results in recrystallization of marcasite to pyrite, and continued occlusion of porosity with 
pyrite and chalcopyrite.  Sporadic clogging and diversion of fluid paths allows lower temperature minerals 
to overgrow the higher temperature phases (Alt et al., 1987). 

In VMS deposits and black smokers, juvenile mantle sulfur (δ34S~0‰) is the dominant component in the 
mineralization, and it mixes with thermally-reduced seawater sulfate-sulfur.  Sulfide mineralization at 
Black Butte has a much more diverse isotopic composition.  If CAS and barite data are indicative of Belt 
seawater sulfate’s isotopic composition (i.e. ~14‰), then the sulfide minerals analyzed here represent a 
wide range of Rayleigh distillation products.  Rather than mixing of a juvenile and diagenetic source as at 
black smokers, mineralization of the tubes may represent mixing of a young hydrothermal source and a 
wide array of older diagenetic sulfide compositions from the lower Belt sedimentary pile below a vent.

Thus, textural and isotopic data are consistent with a small hydrothermal vent origin for the Black Butte 
tubes.

Spherulitic pyrite at Black Butte
SC11-029, 388.7m

Spherulitic pyrite at 
the EPR 21˚N black smoker

(Alt et al., 1987)

Colloform pyrite in VMS deposit
(Grenne & Vokes, 1990)
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