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This report contains geochemical information about the 

Montezuma mining district of central Colorado. It includes 

J_) localities of all geochemical samples (figs. 1 and 2), 

2) characterization of samples by rock type and,alteration intensity, 

(table 1), J5) atomic absorption analyses for Cu, Pb, Mn, Ag, and 

Zn (table 1), £) modal analyses for Mo (table 1), 5. emission 

spectrographic analyses of the samples (table 2), 6) a simplified 

geologic map (fig. 3), 2) maps (figs. 4-10) showing patterns of 

distribution of maximum values (blip surfaces) for hydrothermal 

alteration, Cu, Pb, Mn, Mo, and Zn.

Publications reporting and interpreting some of these data 

are Neuerburg, 1.968, 1.971a, 1971b; Neuerburg, Botinelly, and Kulp, 

1971; Neuerburg and Botinelly, 1972; Neuerburg, Botinelly, and 

Watterson, 1974, 1976; Neuerburg, Barton, Watterson, and V/elsch, 

1976; Watterson and Neuerburg, 1975; and V/atterson, Gott, Neuerburg, 

Lakin, and Cathrall, in press.

Explanation of Figures and Tables.

SAMPLE LOCALITY MAPS; figures 1 and 2. Sampling sites are shown 

on two maps, corresponding essentially to outcrops (fig. 1) and 

to exposures or dumps produced by prospecting and mining (fig. 2). 

Many sites were repeatedly visited and some of these were 

renumbered (table M-1). More locations are shown on the maps than 

are listed in the tables; the extra locations correspond either to 

samples of materials other than crystalline rocks (table M-2) or 

to sites from which only vein material was collected and which is 

reported here only in map summary (fig. 5); vein material has not 

been chemically analyzed. The maps also show the 480 m grid used



in constructing the blip surfaces (figs. 4-10), and table M-3 

lists sample locations by grid cell.

BLIP SURFACE MAPS; figures 4 though 10. Blip maps are designed 

to maximize the effects of mineralization in relation to geography 

and geology (Neuerburg and others, 1974, p. 11). These maps are 

constructed by assigning the maximum value of the selected parameter 

from among the samples in each grid cell to the center of that 

cell and contouring the resulting array. The blip surfaces 

illustrated are based on the data in tables 1A and 1B.

The blip surface map of alteration inensity (fig. 4) is of 

pervasively altered rocks only. Alteration intensity in figure 4 

is expressed by a numerical sequence from 1 to 8, and defined below 

under table 1.

Veins and their evelopes of altered rock comprise a separate 

"zone" (fig. 5) superimposed on the zones of pervasive alteration. 

The internal sturcture of the vein zone is defined by the intensity 

of vein mineralization, which is measured here by a "metals score" 

The metals score of a grid cell is a function of the number of

workings, the size of each working, and the modal composition of ..
veins in each working:



Metals Score = Sum of the products: (workings size)X(mineral mode)

where (workings size"), estimated from size of dump, is

1 for a prospect pit
2 for a small mine (3-15 m of adit and (or) shaft) 
A for a medium mine (15-60 m of workings) 
8 for a large mine (more than '60 m of workings).

and (mineral mode) is estimated from vein fragments on the dump as

1 for a trace to as much as 2 percent
2 for 2-15 percent
4 for 15-30 percent
8 for 30 per cent.or more..

The minerals whose modes are used in scoring are arsenopyrite, 

bismuth sulfides, boulangerite, bournonite, chalcopyrite, enargite, 

galena, geocronite, gold, jalpaite, jordanite, molybdenite, seinseyite, 

silver, silver sulfides, sphalerite, tennantite-tetrahedrite, and 

wolframite. '

The quantitative distribution of the parameters of hydrothermal 

alteration-mineralization is an exponential function of distance 

from nodes, centers, or conduits of ore fluids. Accordingly, 

contour intervals are steps in an exponential series, here the 

series 2n . The blip contours, given as the exponent wn", correspond 

to the analytical values (2n ) as follows:

n (2n ) = 0 (1), 1 (2), 2 (4), 3 (8),* 4 (16), 5 (32), 6 (64), 

7 (128), 8 (256), 9 (512), 10 (1024), 11 (2048), 

12 (4096), 13 (8192), 14 (16,384), 15 (32,768), 

16 (65,536).

Analytical value is the metal score in figure 5» and parts per 

million in figures 6-10. Values of n are plotted in closed contours



at the cell center of highest analytical value within the closure, 

and at a few additional cell centers to facilitate reading the maps.

TABLE 1. Grid-cells, rock types, alteration characteristics, 

atomic absorption analyses for Cu, Pb, Mn, Ag, and Zn, and modal 

analyses for Mo are presented in 4 -groups:

table 1A outcrop samples (plotted on figure 1),
table 1B mine and prospect samples (plotted on figure 2),
table 1C samples from the Harold D. Roberts Tunnel (locate

on plate 1 in Robinson and others, 1974), and 
table 1D samples of diamond drill core and of the walls of 

the access shaft (57PKS series) along the line of 
the Roberts Tunnel (locate on plates 3 and 7 in 
Wahlstrom and Hornback, 1962; DDE "D" = access 
shaft on plate 7 of Wahlstrom and Hornback).

Rocks are listed-by general classification; for example, gneiss, 

except for the Tertiary intrusives. Abbreviations are the following: 

"QM", quartz monzonite whose igneous texture is destroyed by 

alteration; SPG, Silver Plume granite; hfls, Pierre hornfels; and 

bx, rocks with cataclastic or protoclastic textures and structures. 

The Tertiary intrusive rocks are coded according to texture in an 

interpretative scheme of the extent of loss of volatiles during 

crystallization (Neuerburg and others, 1974, p. 2-5):

Type 1  Porphyritic biotite granodiorite quartz monzonite. Even- 
and medium-grained hypautomorphic with 0-20 percent ragged 
K-feldspar porphyroblasts. Makes up much of the western 
third of the Montezuma stock (fig. 3); occurs among 
apophyses in the Williams Fork thrust fault at the west 
end of the stock, and in the Preston tunnel dump (1082, 
fig. 1), 2 km south of the stock.



Type 2A Mortared porphyritic biotite granodiorite-quartz monzonite. 
Medium-grained hypautomorphic in an interstitial web of 
fine-grained xenomorphic-graphic, with 0-25 percent ragged 
K-feldspar porphyroblasts; sparsely miarolitic. Occurs 
independently as ill-defined masses in type 1 and as a 
transitional zone between types 1 and 3; also occurs among 

i apophyses in the Williams Fork thrust fault.

Type 2B Seriate biotite quartz diorite-granodiorite. Fine- to
medium-grained xenomorphic to hypautomorphic. Very sparse 
plagioclase phenocrysts and ragged K-feldspar porphyroblasts 
Form of occurrence not determined, but outcrops are notably 
commonest near aplite bodies.

Type 3  Biporphyritic biotite granodiorite. Varying proportions
of medium-grained hypautomorphic biotite-quartz-plagioclase 
aggregates (dilation-breccia fragments), plagioclase 
crystals, and corroded quartz bipyramids in a very fine- 
to fine-grained aplitic groundmass. 0-35 percent ragged 
to euhedral K-feldspar porphyroblasts; sparsely miarolitic. 
Makes up most of the eastern two-th:?rds of the Montezuma 
stock (fig. 3).

Type 3B Biotite quartz latite-dacite biporphyry (= "Lincoln 
porphyry"). Medium-sized phenocrysts of plagioclaoe, 
biotite, and quartz in a very fine-grained to aphanitic 
and even hyaline (1299, fig. 1) groundmass with generally 
sparse, coarse subhedral to euhedral K-feldspar porphyro­ 
blasts. Texturally and mineralogically gradational into 
biporphyritic rock (type 3)» but protoclastic textures are 
less obvious. These rocks (type 3B) contain less quartz 
and K-feldspar than type 3, and with one exception (1191, 
fig. 1), occur as dikes and plugs outside the Montezuma 
stock, and as the matrix of pebble breccias in the Geneva 
Creek and Snake River cirques. Fission track age of 
zircon from sample H1200 (fig. 1) is 34.1 ± 2.7 m. y.



Type 4A Porphyritic biotite quartz monzonite aplite. Varying but 
small amounts of subhedral to euhedral phenocrysts of 
biotite and plagioclase in a fine-grained aplitic ground- 
mass, an extreme version of type 2A. Occurs only in the 
Montezuma stock: as separate intrusives, as transitional 
zones of aplite bodies, as joint selvedges in quartz 
monzonite, and as the mesostasis of dilation breccias; 
mostly on and near the edges of the stock.

Type 4B Biotite rhyolite porphyry. Medium-sized phenocrysts,
variously euhedral, broken, or corroded, include K-feld- 
spar as well as biotite, plagioclase, and quartz. The . 
groundmass is very fine-grained aplitic to aphanitic. 
Large, euhedral K-feldspar porphyroblasts are very rare. 
Occurs as dikes and sills in Precambrian rocks, mostly 
off the southeast edge of the stock, in the Geneva Creek 
cirque. The easternmost rhyolite mass in Geneva Creek, 
at the mouth of Jackwhacker Gulch (fig. 3)> has flow 
structures usually associated with extrusive rocks. A 
few dikes are in Peru Creek and one is in the stock in 
Warden Gulch (760, fig. 1).

Type 5  Granite aplite. Very fine- to fine-grained xenomorphic to 
graphic. Essentially the same chemical composition as the 
rhyolite porphyry (type 4B), although very little biotite 
is present in contrast. Sparse K-feldspar porphyroblasts 
and pegmatite patches, some sericitized (Neuerburg, 1958), 
with pyrite, molybdenite, and (or) hyalophane at localities 
857, 898, 899, and 1156 (fig. 1). Occurs as tabular bodies, 
ranging in thickness from as little as one centimeter to 
several score meters, and as dilatancy differentiates 
(1155, shown in figure 5 of Neuerburg and others, 1974; 
1155 is a talus block collected in grid cell V-9, fig. 1). 
This rock (type 5) was not found outside the Montezuma 
stock.

(E>



Type 5B Felsite, apparently of rhyolite composition. Very fine- 
and even-grained aphanitic, largely protomylonitic, and 
mostly sericitized as well as also commonly silicified. 
Occurs as thin dikes and sills widely scattered in the 
district, but commonest in the zone of faults east of 
the Montezuma stock (fig. 3).

Alteration is first classed as pervasive (numeral without 

letter in table 1) or as envelope (numeral preceded by "E" in 

table 1). Altered rock is classed as pervasive if a large and 

commonly irregular volume or rock is involved and no regular 

geometrical relation to a vein deposit is apparent. Envelope 

refers to the relatively narrow sheath of altered rock enclosing 

a vein. The two classes are end members of a continuum, and their 

separation is commonly both arbitrary and subjective. Alteration 

"intensity", or the sequential zones of changing mineralogy and 

texture is indicated by a numeral in table 1, and explained below. 

The suffix "g" indicates a fine-grained muscovite as a product of 

alteration, considered to be greisen. Determination of alteration 

intensity was on hand specimens with the aid of hand lens and 

binocular microscope, and was randomly checked with the aid of a 

petrographic microscope and an X-ray diffractometer.

1 Pyrogenic (or regional metamorphic) zone. Little or no 
hydrothermal alteration.

2 Chloritic zone. Biotite partly chloritized, epidote rarely 
present, and plagioclase is, cloudy with minute grains of clays 
and carbonates.

3 Propylitic zone. Biotite is extensively to completely chloritized. 
Plagioclase is converted to albite, with formation of calcite, 
clays, epidote, and sericite. Magnetite is recrystallized, 
mostly in diminished abundance, and pyrite is commonly added.



4 Saussuritic zone. Biotite is replaced by sericite and plagio- 
clase is replaced by clays and (or) sericite, but K-feldspar, 
if present, persists. Magnetite is destroyed; pyrite is locally 
abundant. Leucoxene (= rutile "felt") appears in some HP-separates

5 Phyllic zone. No feldspars or mafic minerals remain; all are 
replaced by aphanitic sericite, illite, and (or) clays. Pyrite 
is commonly abundant; leucoxene -or rutile is present in many 
HP-separates. Original textures may be unrecognizable.

6 Vuggy sericitic zone. Notably pyritic. All rock silicates, 
except quartz, are replaced by fine-granular sericite, or 
uncommonly by talc and pyrophyllite. Andalusite is another 
uncommon but notable hydrothermal mineral in this zone. Small 
Vugs, lined with sericite, quartz, rutile, pyrite, and locally 
other sulfide crystals, are common and mostly centered on former 
phenocrysts. Rutile is visible in hand specimen and present 
in most HP-separates. This is the so-called "bug-hole" porphyry 
(MacKenzie, 1970, p. 41-43; Neuerburg and others, 1974, p. 7).

7 Silicic zone. Stockworks of quartz veinlets and irregular
flood-replacements by fine-grained quartz, locally with pyrite 
and (or) molybdenite, in rocks of the phyllic and vuggy-sericitic 
zones.

8 Potassic zone. Characterized in the Montezuma district by 
recrystallized, dull brown biotite, as compared to the shiny 
black pyrogenic biotite, or more noticeably by recrystal 11zation 
of the igneous texture of the porphyry groundmass to a metamorphic 
granoblastic texture. Added magnetite and corundum may also be 
characteristic.

Chemical analyses (Ward and others, 1963; Ward, 1975) for Cu, 

Pb, Mn, Ag, and Zn are for whole rock in tables 1A and 1B, and for 

the small fraction of rock dissolved by 2N HNO, (Neuerburg, 1971) 

in tables 1C and 1D. Mo was determined by estimating the proportion



of molybdenite in HF-separates (Neuerburg, 1975; Neuerburg and 

others, 1974, p. 13) from 100-gram fragment-samples of outcrops 

and 200-gram fragment-samples from mines and prospects.

» 

TABLE 2. Emission spectrographic analyses (Grimes and Marranzino, 

1968; Motooka and Grimes, 1976) of outcrop and mine+prospect samples 

are in tables 2A and 2B. No spectrographic analyses were made of 

the Roberts Tunnel samples listed in tables 1C. and 1D. Table 2C 

contains spectrographic analyses of groups of 24 samples from 

single blocks, from a mine dump, and from a large roadcut, all 

providing measures of compositional variance at the noted sample-size 

Bcale. Table 2 of Neuerburg and others (1974) summarizes data for 

molybdenum as molybdenite for these sample groups. Similar groups 

are listed in tables 1A, 1B, 2A, and 2B: outcrop 1144; mine dump  

1195 and 5TB; and single block H1200. Table 2D contains analogous 

data on spectrographic analytical variance for samples of Pierre 

Jkorafels. Splits of these homfels samples were submitted, in 

random order under blind numbers, to a different laboratory from 

that responsible for a third set of analyses of these same hornfels 

samples, listed in tables 2A and 2B.
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TABLE'M-1. Equivalencies in sample localities. Only the under­ 
lined numbers appear on the maps (figs. 1 and 2). 
Either or both numbers may appear in tables 1 and 2,

Outcrops (fig. 1)
532 = 26-71 
623 = 75TB 
624 = 79TB 
653 = P1

21 = 653
P2 = 655
P3 = N255
P4 = N212
P5 = N274
P8 = 872

r1TB = N689
6TB = B586
6TB = B587
7TB.= B588
8TB = B599
9TB = B591

15TB = B539
16TB = B512
J7TB = N499
.1 STB. = N496
1 9TBj = N621
22TB, = 59TB
22TB_ = B506
26TB, = B394
30TB = N623
33TB = B392
38TB = N632
^8TB = 1195
40TB = B748
41TB = 953

' 654 = 55TB 
655 = P2 
682 = B758 
764 = 53TB

Mines and P:

43TB = N625
44TB = 809
44TB = N627
46TB = 971
46TB = N630
48TB = N622
51TB = N639
5,2TB = N638
53TB = 764
54TB = 826
55TB = 654
56TB = N645
57TB = N644L
58TB = N644U
59TB = 22TB

59TB = B506

6QTB = N643

63TB = N615
64TB = N616
65TB = B509
7QTB = B701
71TB = B597
72TB = B596
74TB = N610
75TB = 623
78TB = B575

809 = 44TB 
826 = 54TB 
881 = B728 
953 = 41TB

respects (fi£.

79TB = 624
82TB = B595
85TB = N631
B15Q = B572
B153 = N612
B154 = N611
N212 = P4
N255 = P3
N274 = P5
B392 = 33TB
B394 = 26TB
N447 = N605
N496 = 18TB
N499 = 17TB
B506 = 22TB
B506 = 59TB
B509 = 65TB
B512 = 16TB
B539 = 15TB
B551 = N628
B572 = B150
B575 = 78TB
B586 = 6TB
B587 = 6TB
B588 = 7TB
B591 = 9TB

971 = 46TE 
1063 = 27-71 
1195 = 38TB 
1572 = N246

2)

B595 = 82TB
B596 = 72TB
B597 = 71 T3
B599 = 8TB
N605 = N447
N610 = 74TB
N611 = B154
N612 = B153
N615 = 63TB
N616 = 64TB
N621 = 19TB
N622 = 48TB
N623 = 30TB
N625 = 43TB
N627 = 44TB
N628 = B551
N630 = 46TB
N631 = 85TB
N632 = 38TB
N639 = ^1TB
N643 = 6QTB

N644L = 57TB^
N644U = 58TB

N645 = 56TB
N689 = 1TB
BYO-j - 70TB

B728 = 881
B748 = 40TB
B758 = 682



TABLE M-2. Sample locations (fig. 2) of materials other than 
crystalline rocks; grid cell shown in parentheses.

A. Aluminum hydroxide gels (Theobald and others, 1963) 
on stream bottoms: 
P22 (S-11), P23 (Y-7), P24 (Y-6), P25 (X-6).

B. Ocher and ocher-ceiaented elastics (Neuerburg and others, 
1976):
P12 (P-11), 28TB (Q-26), 29TB (R-22), 84TB (N-15), 
105TB (V-17), N227 (W-13), N250 (T-17), B358 (Q-13) 
B396 (T-15), B532 (T-17), B543 (N-21), N640 (Q-20), 
N650 (Q-17), N651 (Q-16), N697 (U-32), B703 (S-11).

C. Prospect pits in soil or talus:
36TB (P-24), 42TB (Q-11), 68TB (0-18), 81TB (K-15), 
99TB (L-13), 126TB (K-12), B137 (K-12), B345 (H-11), 
B563 (A-6) . ;



TABLE M-3- List of samples by grid cells. Underlined numbers 

are plotted on figure 1; other numbers are plotted 

on figure 2. Sample equivalents are shown in 

parentheses; compare with table M-1.
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TABLE 1. Selected data -for rock samples from the Montezuma

district, central Colorado. See text for explanation 

of headings. All values for metals are in parts per 

million. Ho entry in table corresponds to no analysis,

A Pages 1-30 Samples from outcrops
B Pages 31-50 Samples from mines and prospects.
C Pages 51-56 Samples from the Harold D. Roberts Tunnel.
D Pages 57-60 Samples of diamond drill core and of the

walls of the access shaft (57PK3 series) along the
line of the Harold D. Roberts Tunnel.

Symbols: If = looked for but not detected.
L = detected but below the following values:

Tables 1A and 1B Tables 1C and 1D 
L(Cu) 0.50 0.20 ppm 
L(Pb) 5 2.5 ppm 
L(Mn) tO 50 ppm 
L(Mo) 0.01 0.01 ppm 
L(Ag) 0.2 0.05 ppm 
L(Zn) 2.5 2.5 ppm



-Table 1. Selected data for rook samples from Jfontezuma district, Colorado. /
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JLable !  Selected data for rock samples from Montezuma district, Colorado,
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Table 1. Selected data from rock sample
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JLable !  Selected data for rock samples from Lfontezuma district, Colorado. «r
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1, Selected data for rock samples from ifontezuma district, Colorado,
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.xable i. selected data for rook samples from Jfontezuma district, Colorado. fy
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Jtable !  Selected data for rock samples from Montezuma district, Colorado.
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JLable !  Selected data for rock samples from Montezuma district, Colorado,
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Jlable !  Selected data for rock samples from Mbntezuma district, Colorado.
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i. selected data for rocic samples rrom ffontezuma district, Colorado,
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JLable !  Selected data for rock samples from Mbntezuma district, Colorado,
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JEable 1. Selected data for rock samples from Montezuma district, Colorado.
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1, Selected data for rock samples from Montezuma district, Colorado.
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JTable 1» Selected data for rock samples from Montezuma district, Colorado. , ^
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Jlable 1. Selected data for rock samples from Mbntezuma district, Colorado.
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Ji-aoie i« selected data for rock samples from Mbntezuma district, Colorado.
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Jtable 1. Selected data for rock samples from fyfontezuma district, Colorado.
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Jtable 1. Selected data for rock samples from Mbntezuma district, Colorado.
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1. Selected data for rock samples from ?;fcmtezuma district, Colorado,
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..xable 1. Selected data for rock samples from ftontezuma district, uoioraao.
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Table JL. selected data for rock samples from ?fontezuma district, Colorado*
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i« selected. data l"or rocic samples rrom Montezuma district, Uoloraao. s
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J-able 1. Selected data for rock samples from Mbntezuma district, Colorado.
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-Table 1, Selected data for rock samples from Montezuma district, Colorado.
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JELable 1, Selected data for rock samples from Montezuma district, Colorado.
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Stable 1. Selected data for rock samples from Mbntezuma district, Colorado.
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Jtable 1. Selected data for rook samples from Montezuma district, Colorado. ^ /
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1, Selected data for rock samples from Mbntezuma district, Colorado.
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JTable 1. Selected data for rock samples from Mbntezuma district, Colorado.
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r-Iable 1, Selected data for rock samples from Montezuma district, Colorado.
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,-Xable 1, Selected data for rock samples from Ttontezuma district, Colorado.
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l« Selected data for rock samples from Mbntezuma district, Colorado.
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!  Selected data for rock samples from Mbntezuma district, Colorado.
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J!able !  Selected data for rock samples from Mbntezuma district, Colorado.
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pHLable !  Selected data for rock samples from Pfontezuma district, Colorado.
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r-IELable !  Selected data for rock samples from Montezuma district, Colorado.
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Jlable 1» Selected data for rock samples from Mbntezuma district, Colorado*
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JLable !  Selected data for rock samples from Montezuma district, Colorado.
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-Xable 1. Selected data for rock samples from ffontezuma district, Colorado.
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-Table !  Solocted data for rock samples from Montezuma district, Colorado.
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JUable 1. Selected data for rock samples from Montezuma district, Colorado.
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!  Selected data for rock samples from Mbntezuma district, Colorado.
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-Table 1, Selected data for rock samples from Mbntezuma district, Colorado.
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JL. selected data Tor rock samples from Mbntezuma district, Colorado.
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J^able 1, Selected data for rock samples from Mbntezuma district, Colorado. >C
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_Iable 1. Selected data for rock samples from itontozuma district, Colorado.
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rXable !  Selected data for rock samples from Montezuma district, Colorado.
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1, Selected data for rock samples from Mbntezuma district, Colorado*
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-Table 1. Selected data for rock samples from Montezuma district, Colorado*
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fcl

TABLE 2. Emission spectrographic-analyses of rock samples from

the Montezuma district, central Colorado. 

A Pages 1-95 Samples from outcrops (except localities

G1-G57, for which no spectrographic analyses were made). 

B Pages 96-170 Samples from mines and prospects. 

C Pages 171-204 Samples to test element variance within

small blocks,, within outcrops, and among monolithologic

fragments on mine dumps. 

D Pages 205-210 Sample splits to test analytical variance

in Pierre hornfels

Results for all spectrographic analyses are to be 

identified with geometric brackets whose boundaries are 1.2, 

0.83, 0.56, 0.26, 0.18, 0.12 etc., but are reported arbitrarily 

as midpoints of these brackets, 1, 0.7, 0.5, 0.3, 0.2, 0.15, 

0.1, etc. The precision of a reported value is approximately 

plus or minus one bracket at 68^, or two brackets at 95^ 

confidence. Symbols used are

G = greater than Value shown in left margin of p. 1 for 

tables 2A, 2B, 2C, and in left margin of p. 205 for 

table 2D. 

L = detected, but below value shown in parentheses after

element symbol. 

Blank space = looked for but not detected.
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