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Tres	
  Marias	
  Mine	
  

Map	
  taken	
  from	
  War	
  Eagle	
  Mining	
  



Tres	
  Marias	
  Background	
  

B.	
  Saini-­‐Eidukat	
  et	
  al,	
  2009	
  

•  Located	
  100	
  meters	
  below	
  the	
  surface	
  
•  Two	
  major	
  ore	
  types	
  

•  1)	
  Zinc	
  and	
  lead	
  sulfides	
  
•  2)	
  Oxides	
  

(Alaska) Zn–Pb–Ag sediment-hosted massive sulfide de-
posit and the Pend Oreille (Washington) Zn–Pb MVT
deposit are major US sources.

The present contribution reports on an unusually Ge-rich
carbonate-hosted Zn deposit with MVT affinities (Megaw
et al. 1996, 1988), the Tres Marias mine in the state of
Chihuahua, Mexico. The deposit, mined sporadically
between 1949 and 1992, produced approximately
125,000 tonnes of oxide and sulfide ores, grading 11–24%
Zn, 5–8% Pb, and 400–600 ppm Ge (Megaw 2002, War
Eagle Mining internal report). The company’s current
estimate of average Ge grade is 130–160 g/t. An extensive
drilling program is currently being undertaken to define the
deposit’s total reserves, and the mine management aims at
becoming a significant provider of Ge for the world market.

Regional and local geology

The ore body (29° 08′ 34″ N, 103° 39′ 57″ W) occurs in a
carbonate solution collapse breccia, the known extent of
which reaches approximately 100 m below the surface
(Figs. 1 and 2). Two major ore types exist: one consisting
primarily of zinc and lead sulfides and a sulfide-poor type
(“oxidized ore”) of Zn silicates, carbonates plus oxide
minerals.

The deposit occurs in a mid-Cretaceous carbonate
sequence comprising, from bottom to top, the Santa Elena,
Del Rio, Buda, and Boquillas Formations (Yates and
Thompson 1959; Maxwell et al. 1967; Megaw et al. 1996,
1988). The principal ore-hosting formation is the Santa
Elena limestone, but mineralization extends upwards
through the section into the Buda limestone. The Santa
Elena Formation is a thick sequence of medium- to thick-
bedded, fine-grained, and fossiliferous limestone. Near
Terlingua, in neighboring Texas, it is slightly pyritic.

Overlying the Santa Elena Formation is the Del Rio clay,
which is thin, calcareous, fossiliferous, and pyritic. The
Buda limestone, a typical caprock for mesas and buttes in

the region, is a resistant, white, 20–30-m-thick fossiliferous
limestone. The stratigraphically highest unit in the area is
the Boquillas limestone, composed of approximately 300 m
of flaggy, impure, fossiliferous limestones grading upwards
into shale beds.

The most notable structures in the mine area are joints and
faults. Collapse features, which often occur at joint–fault

Fig. 1 Schematic cross section,
Tres Marias Mine. Not all levels
are shown. Inset shows deposit
location in Mexico

Fig. 2 Breccia texture, War Eagle Mining location 763, level 5.
Fragments of light-gray limestone (ls) and metallic-gray sphalerite
(sph) associated with black bitumen (b), in a matrix of fine-grained
carbonates, oxides, and sulfates. Bitumen is considered coeval with
sphalerite as indicated by micrograph Fig. 3b. Inset shows bitumen
dripping from mining face

364 Miner Deposita (2009) 44:363–370



Forma4on	
  of	
  Deposits	
  

USGS,	
  2010	
  

•  Mississippi	
  Valley	
  Type	
  (MVT)	
  deposits	
  
•  Hosted	
  mainly	
  by	
  dolostone	
  and	
  limestone	
  

•  Ore	
  fluids	
  were	
  hot	
  and	
  salty	
  



Red	
  Dog	
  Zinc	
  Mine	
  	
  

The	
  Red	
  Dog	
  mineral	
  deposit	
  is	
  located	
  in	
  the	
  
DeLong	
  Mountains,	
  northwestern	
  Alaska,	
  about	
  
90	
  miles	
  north	
  of	
  the	
  village	
  of	
  Kotzebue	
  

Photo	
  taken	
  from:	
  Info	
  Mine	
  



Background	
  

• 2nd	
  largest	
  zinc	
  mine	
  globally	
  	
  
• 	
  5%	
  total	
  contribu4on	
  	
  

• Largest	
  zinc	
  mine	
  in	
  the	
  US	
  	
  
• 79%	
  total	
  contribu4on	
  	
  

• 	
  Red	
  Dog’s	
  ore	
  is	
  found	
  in	
  hard	
  sedimentary	
  rock	
  (black	
  
siliceous	
  shale)	
  and	
  occurs	
  in	
  large	
  massive	
  layered	
  veins	
  	
  

• 	
  The	
  zinc	
  occurs	
  in	
  yellow	
  to	
  brown	
  sphalerite	
  	
  
• 	
  Large	
  amounts	
  of	
  lead	
  found	
  in	
  galena	
  	
  
• 	
  Some	
  traces	
  of	
  pyrite	
  found	
  as	
  well	
  	
  
• Trace	
  amounts	
  of	
  cadmium	
  	
  



Photo	
  taken	
  from:	
  State	
  of	
  Alaska	
  



Mining	
  Methods	
  	
  

• 	
  Conven4onal	
  style	
  of	
  mining	
  using	
  trucks	
  and	
  
explosives	
  to	
  extract	
  the	
  ore	
  deposits	
  from	
  the	
  
outcrop	
  

• 	
  Incorporates	
  new	
  techniques:	
  modular	
  
construc4on,	
  tower	
  mills,	
  column	
  cells	
  and	
  pressure	
  
filters	
  to	
  separate	
  the	
  sphalerite	
  and	
  galena	
  from	
  
the	
  sedimentary	
  rock	
  	
  	
  	
  





Photo	
  taken	
  from:	
  Mining	
  –Technology.com	
  



How’d	
  it	
  get	
  there?	
  	
  

• 	
  Deposits	
  documented	
  in	
  the	
  
1950’s	
  and	
  view	
  as	
  precipitates	
  
from	
  ocean	
  floor	
  hydrothermal	
  
vents	
  

• 	
  Precipitates	
  then	
  buried	
  

• 	
  Metamorphosed	
  	
  

• 	
  Upliged	
  and	
  erosion	
  exposed	
  
the	
  deposits	
  	
  	
  	
  

Photo	
  taken	
  from:	
  Center	
  for	
  Geobiology	
  



Pit	
  Presence	
  	
  
• 	
  Deposits	
  found	
  in	
  the	
  Mississippian-­‐Pennsylvanian	
  Kuna	
  
Forma4on	
  	
  	
  
• 	
  4	
  main	
  deposit	
  zones	
  
• 	
  The	
  Main,	
  Aqqaluk,	
  Paalaaq,	
  and	
  Quaniayaaq	
  	
  	
  	
  	
  

Currently	
  the	
  
Main	
  has	
  mostly	
  
been	
  mined	
  out	
  
and	
  they	
  have	
  
moved	
  northward	
  	
  

Photo	
  taken	
  from:	
  Info	
  Mine	
  



Weight	
  Percent	
   	
  	
  	
  	
  	
  	
  	
  	
  From	
  Klein	
  and	
  Dutrow	
  Table	
  5.4	
   	
  	
  	
  	
  	
  	
  	
  	
  	
  From	
  SEM	
  Data	
  
1	
   2	
   3	
   4	
   5	
   6	
   7	
   8	
   9	
  

Fe	
   0	
   0.15	
   7.99	
   18.25	
   63.53	
   10.29	
   9.76	
   7.35	
   6.31	
  
Mn	
   0	
   0	
   0	
   2.66	
   0	
   0	
   0	
   0	
   0	
  
Cd	
   0	
   0	
   1.23	
   0.28	
   0	
   0	
   0	
   0	
   0	
  
Zn	
   67.1	
   66.98	
   57.38	
   44.67	
   0	
   39.31	
   29.11	
   0	
   0.14	
  
S	
   32.9	
   32.78	
   32.99	
   33.57	
   36.47	
   50.4	
   61.12	
   92.65	
   93.55	
  
Total	
   100	
   99.91	
   99.59	
   99.43	
   100	
   100	
   99.99	
   100	
   100	
  
Atomic	
  Propor4on	
  
Fe	
   0	
   0.003	
   0.143	
   0.327	
   1.138	
   0.184	
   0.175	
   0.132	
   0.113	
  
Mn	
   0	
   0.000	
   0.000	
   0.048	
   0.000	
   0	
   0	
   0	
   0	
  
Cd	
   0	
   0.000	
   0.019	
   0.004	
   0.000	
   0	
   0	
   0	
   0	
  
Zn	
   1.026	
   1.024	
   0.878	
   0.683	
   0.000	
   0.601	
   0.445	
   0	
   0.002	
  
S	
   1.026	
   1.022	
   1.029	
   1.047	
   1.137	
   1.572	
   1.906	
   2.889	
   2.918	
  
Zn+Fe+Mn+Cd	
   1.026	
   1.027	
   1.039	
   1.063	
   1.138	
   0.785	
   0.620	
   0.132	
   0.115	
  
(Zn+Fe+Mn+Cd)/S	
   1.000	
   0.995	
   0.990	
   0.985	
   1.000	
   2.001	
   3.075	
   22.0	
   25.3	
  
Zn	
   1.026	
   0.997	
   0.844	
   0.643	
   0.000	
   0.382	
   0.234	
   0.000	
   0.001	
  
Fe	
   0	
   0.003	
   0.138	
   0.308	
   1	
   0.117	
   0.092	
   0.046	
   0.039	
  
Cd	
   0	
   0	
   0.018	
   0.004	
   0	
   0	
   0	
   0	
   0	
  
Mn	
   0	
   0	
   0	
   0.046	
   0	
   0	
   0	
   0	
   0	
  
Atomic	
  Weight	
  
Fe	
   55.845	
  
Mn	
   54.94	
  
Cd	
   65.39	
  
Zn	
   65.39	
  
S	
   32.065	
  



Sample	
  1	
  Data	
  

SEM	
  Image	
  
Weight	
  Percent	
  

Fe	
   10.29	
  

Zn	
   39.31	
  

S	
   50.4	
  

Total	
   100	
  

Atomic	
  Prop.	
  

Fe	
   .18	
  

Zn	
   .60	
  

S	
   1.572	
  

	
  	
  	
  Zn:Fe	
  

Zn.38Fe.11S	
  
3.33:1	
  



Sample	
  2	
  Data	
  

SEM	
  Image	
  
Weight	
  Percent	
  

Fe	
   9.76	
  

Zn	
   29.11	
  

S	
   61.12	
  

Total	
   99.99	
  

Atomic	
  Prop.	
  

Fe	
   .17	
  

Zn	
   .45	
  

S	
   1.91	
  

Zn:Fe	
  

Zn.23Fe.09S	
  
2.64:1	
  



Sample	
  3	
  Data	
  

SEM	
  Image	
  
Weight	
  Percent	
  

Fe	
   7.35	
   6.31	
  

Zn	
   0	
   .14	
  

S	
   92.65	
   93.55	
  

Total	
   100	
   100	
  

Atomic	
  Prop.	
  

Fe	
   .13	
   .11	
  

Zn	
   0	
   .002	
  

S	
   2.9	
   2.92	
  

Fe.04S	
   Zn.0007Fe.04S	
  

Zn:Fe	
   Zn:Fe	
  

0:.13	
   .018:1	
  



Weight	
  Percent	
   From	
  Klein	
  and	
  Dutrow	
  Table	
  5.4	
   From	
  SEM	
  Data	
  
1	
   2	
   3	
   4	
   5	
   6	
   7	
   8	
  

Fe	
   0	
   0.15	
   7.99	
   18.25	
   63.53	
   3.25	
   1.53	
   1.53	
  
Mn	
   0	
   0	
   0	
   2.66	
   0	
   0	
   0	
   0	
  
Cd	
   0	
   0	
   1.23	
   0.28	
   0	
   0.86	
   0	
   0	
  
Zn	
   67.1	
   66.98	
   57.38	
   44.67	
   0	
   58.67	
   60.84	
   60.87	
  
S	
   32.9	
   32.78	
   32.99	
   33.57	
   36.47	
   37.22	
   37.57	
   37.6	
  
Total	
   100	
   99.91	
   99.59	
   99.43	
   100	
   100	
   99.94	
   100	
  
Atomic	
  Propor4on	
  
Fe	
   0	
   0.003	
   0.143	
   0.327	
   1.138	
   0.058	
   0.027	
   0.027	
  
Mn	
   0	
   0.000	
   0.000	
   0.048	
   0.000	
   0	
   0	
   0	
  

Cd	
   0	
   0.000	
   0.019	
   0.004	
   0.000	
   0.013	
   0	
   0	
  

Zn	
   1.026	
   1.024	
   0.878	
   0.683	
   0.000	
   0.897	
   0.930	
   0.930	
  
S	
   1.026	
   1.022	
   1.029	
   1.047	
   1.137	
   1.161	
   1.172	
   1.173	
  
Zn+Fe+Mn+Cd	
   1.026	
   1.027	
   1.039	
   1.063	
   1.138	
   0.969	
   0.958	
   0.958	
  
(Zn+Fe+Mn+Cd)/S	
   1.000	
   0.995	
   0.990	
   0.985	
   1.000	
   1.198	
   1.223	
   1.2	
  
Zn	
   1.000	
   0.997	
   0.844	
   0.643	
   0.000	
   0.926	
   0.971	
   0.971	
  

Fe	
   0	
   0.003	
   0.138	
   0.308	
   1	
   0.060	
   0.029	
   0.028	
  

Cd	
   0	
   0	
   0.018	
   0.004	
   0	
   0.013	
   0	
   0	
  
Mn	
   0	
   0	
   0	
   0.046	
   0	
   0	
   0	
   0	
  

SEM	
  Calcula4ons	
  	
  



SEM	
  Data	
  	
  
Weight	
  Percent	
  	
  
Fe	
   1.53	
  
Mn	
   0	
  
Cd	
   0	
  
Zn	
   60.84	
  
S	
   37.57	
  
Total	
  	
   99.94	
  

Atomic	
  Propor4ons	
  	
  
Fe	
   0.027	
  
Mn	
   0	
  
Cd	
   0	
  
Zn	
   0.93	
  
S	
   1.172	
  

Zn.997Fe.003S	
  

Zn:Fe	
  
34.4:1	
  



SEM	
  Data	
  	
  
Weight	
  Percent	
  	
  
Fe	
   3.25	
  
Mn	
   0	
  
Cd	
   0.86	
  
Zn	
   58.67	
  
S	
   37.22	
  
Total	
  	
   100	
  

Atomic	
  Propor4ons	
  	
  
Fe	
   0.058	
  
Mn	
   0	
  
Cd	
   0.013	
  
Zn	
   0.897	
  
S	
   1.161	
  

Zn.931Fe.06Cd.007S	
  

Zn:Fe	
  
15.5:1	
  



SEM	
  Data	
  	
  



Environmental	
  issues	
  	
  

• 	
  Cadmium	
  is	
  toxic	
  

• 	
  High	
  winds	
  blow	
  dust	
  ore	
  products	
  
• Trucks	
  hauling	
  ore	
  deposits	
  blows	
  out	
  and	
  scaners	
  
along	
  the	
  road	
  sides	
  	
  

• 	
  Wastewater	
  pollu4on	
  	
  
• Waste	
  material	
  gets	
  into	
  the	
  water	
  streams	
  and	
  
contaminates	
  towns	
  water	
  	
  



Crystal	
  Structure	
  

Photo	
  taken	
  from:	
  hnp://www.metafysica.nl/turing/prepara4on_3dim_3.html	
  



Common	
  Trace	
  Minerals	
  

•  Fe2+,	
  Cd2+,	
  Mn2+,	
  Co2+	
  

•  Sn,	
  Ag,	
  Ga,	
  Ge	
  

Ye	
  et	
  al	
  (2011)	
  



Common	
  Trace	
  Minerals	
  

Photo	
  taken	
  from:hnp://www.chemicalelements.com/	
  



Taken	
  from:	
  Gem	
  Sphalerite	
  



Photos	
  taken	
  from:	
  John	
  Bens	
  Fine	
  Minerals	
  



Photos	
  taken	
  from:	
  John	
  Bens	
  Fine	
  Minerals	
  



Taken	
  from:	
  Gem	
  Sphalerite	
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  from:	
  John	
  Bens	
  Fine	
  Minerals	
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  Sphalerite	
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  Bens	
  Fine	
  Minerals	
  



Taken	
  from:	
  Gem	
  Sphalerite	
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  taken	
  from:	
  John	
  Bens	
  Fine	
  Minerals	
  



Taken	
  from:	
  Gem	
  Sphalerite	
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